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Energy Management and Reliability Study Update

Description
In September 2009, Metropolitan’s Board authorized preparation of an Energy Management and Reliability Study
(EMRS). This letter provides an update of activities undertaken since September 2009, and establishes a schedule
for moving forward with energy management activities and actions, including the proposed adoption of additional
Energy Management Policies. Metropolitan has previously addressed energy reliability and challenges, and the
Board has established energy as a core initiative at its 2007 Board Retreat, and subsequently adopted revised
Energy Policy Principles in 2008.
Through the middle of 2009, Metropolitan staff prepared a comprehensive carbon management plan entitled the
Strategic Power Plan (SPP). The outcome of the SPP effort entailed recommendations to adopt policies to strive
towards carbon neutrality and energy independence at Metropolitan over several decades. Although
Metropolitan’s Board supported the overall concept to reduce greenhouse gas emissions, it sought to do so in a
concerted effort that would balance long-term energy reliability with cost control.
The EMRS was developed as an outcome of the SPP process. The goal of the EMRS was to identify future
actions and to serve as a blueprint for an Energy Management Master Plan (EMMP) to achieve energy reliability,
carbon reduction, and cost control. The plan will address actions and specific components to be undertaken
immediately, in the near-term, and over a longer term (up to 20 years). The EMRS Executive Summary is
enclosed in Attachment 1, and the full report is in Attachment 2. The EMRS specifically includes:







A comprehensive analysis of Metropolitan’s power consumption and production profile.
Identification of cost risks associated with projected power industry rate increases.
Identification of regulatory and cost risks associated with the
Global Warming Solutions Act of 2006 (AB 32).
Identification of relationships between Metropolitan and potential developers and partners, as
Metropolitan presses forward with comprehensive energy management initiatives.
Identification of specific programs and projects to help meet the goals of reliability and cost
containment.

Key Findings and Response Actions
Key findings of the Energy Management & Reliability Study include:



80-85 percent of Metropolitan’s overall power costs are due to the State Water Project (SWP), which
is not under Metropolitan’s direct control.
Upon expiration of the 30-year Hoover power contract in 2017, as well as the Southern California
Edison (SCE) Supplemental Energy contract the same year, Colorado River Aqueduct (CRA) energy
costs are estimated to increase up to 100 percent.
 Metropolitan expects up to a 5 percent reduction in energy from the renegotiated Hoover
power contract.
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Any subsequent supplemental power agreement with SCE or other entities may not have the
current contract’s mutually beneficial energy banking and transfer provisions due to new
regulatory requirements.
Implementation of greenhouse gas (GHG) regulations will drive overall (wholesale and retail) energy
prices up.
Climate change or other environmental factors could reduce flow and energy production at Hoover,
requiring Metropolitan to procure higher-cost energy supplies for pumping of Colorado River water,
resulting in dramatically increased operational costs.

In response to these findings, staff has outlined various response actions for the EMMP coinciding with three
distinct planning phases: immediate (2010-2012), near-term (2013-2020), and long-term (by 2030). These
response actions are aimed at controlling overall operational costs and moving Metropolitan towards carbon
neutrality by 2030. However, many of the response actions are contingent on various regulatory, legislative, and
market-related trigger points occurring over the three planning phases. These actions are identified below and are
also outlined in the EMMP Road Map shown in Attachment 3. In addition, as it is identified as an immediate
action, the feasibility study for implementation of up to 10 mega-watts (MW) of solar power facilities at
Metropolitan’s water treatment plants is included as Attachment 4.
Immediate Actions (2010-2012)
 Construct up to 10 MW of solar power facilities at water treatment plants to reduce behind-the-meter
consumption.
 Construct 10 MW Yorba Linda Hydro Power Plant conversion to meet all load at Diemer.
 Begin design of 7-10 MW of small hydro facilities along the distribution system.
 Participate in Southern California Public Power Authority (SCPPA)/SCE/other “evergreen”-type
projects/partnerships.
 Proceed with developing detailed strategies for addressing risks associated with the SWP, working
cooperatively with the Department of Water Resources to develop a detailed plan to control costs and mitigate
regulatory risks.
Near-term Actions (2013-2020)
 Partner on 50-100 MW of renewable energy projects along the CRA utilizing cost-competitive power-purchase
agreements (PPAs).
 Install up to an additional 10 MW of solar at the Skinner plant.
 Install up to 70 MW of solar facilities at: Foothill Power Plant, Etiwanda Power Plant, Diamond Valley Lake,
Lake Mathews, Eagle Valley, and Arrow Highway.
 Participate in additional SCPPA/SCE/other “evergreen”-type projects/partnerships.
Long-Term Actions (2020-2030)
 Partner/construct additional 100-200 MW of renewable energy projects:
 Site along the CRA.
 Utilize economies of scale for capital purchase or market competitive PPAs.
 Identify sites which would serve a large load continuously, such as the CRA pump plants.
Proposed Energy Management Policies
In order to move forward with various energy programs, projects, and initiatives, staff has also identified potential
policies that recognize the upward pressure on cost caused by the expiration of advantageous contracts, evolving
power markets and increased regulatory pressure to reduce GHG emissions. These policies would enable
Metropolitan to take proactive steps in helping ensure energy reliability.
Staff recommends the proposed Energy Management Policies based on the following overriding objectives for
any and all future energy-related projects:


Contain cost and reduce exposure to energy price volatility.
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Increase operational reliability by providing system redundancy.
Provide a revenue stream to offset energy costs.
Move Metropolitan toward carbon neutrality and energy independence.

The specific Policies, which are planned to be brought to the Board in February 2010 for adoption, are as follows:
Regulatory: Track federal and state greenhouse gas regulations and develop strategies to hedge against price and
regulatory risks towards Metropolitan.
Legislation: Pursue legislation to increase net metering, feed-in-tariffs, energy wheeling, or other means to allow
expansion of renewable energy initiatives.
Contracts: Maintain maximum flexibility on existing and future contracts with Hoover and other energy
contracts to hedge against cost and regulatory risks.
Projects/Partnerships: Pursue cost-effective renewable energy projects and partnerships to hedge against energy
price increases, regulatory risks, and move Metropolitan towards carbon footprint reductions.
Revenue Stream: Pursue revenue stream renewable energy facilities on operational lands to assist in cost
containment, provide reductions in carbon footprint, and provide hedge against renewable portfolio standards and
regulations.
Carbon Footprint: Develop cost-effective projects and programs to reduce Metropolitan’s carbon footprint at
the retail level in 2015 by 50 percent, at the retail level in 2020 by 100 percent, and at both retail and wholesale
levels in 2030 by 100 percent (carbon neutral).
Adoption of these policies in February 2010 would allow Metropolitan to move forward with the Energy
Management Master Plan, bringing cost-effective and environmentally responsible programs, projects, and
initiatives back to the Board on a case-by-case basis. Upon adoption of the Energy Management policies, staff
plans to recommend several projects to the Board for implementation, including up to 10 MW of solar generation
projects at the Weymouth, Skinner (an expansion), Mills, and Jensen plants; a large-scale renewable energy
project that would provide supplemental power for the CRA; and various renewable energy projects related to
land lease/revenue stream opportunities at DVL and other Metropolitan-owned properties.

Policy
Submitted per request of the Board

Fiscal Impact
None
1/5/2010
Roy Wolfe
Manager, Corporate Resources

Date

1/5/2010
Jeffrey Kightlinger
General Manager

Attachment 1 – Energy Management and Reliability Study Executive Summary
Attachment 2 – Energy Management and Reliability Study (full report)
Attachment 3 – Energy Management Master Plan Road Map
Attachment 4 – Plant-Wide Solar Feasibility Study
Reference Number CR 12603622

Date
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Section 2

Executive
Summary

The Metropolitan Water District of Southern California faces a period of
challenging political, socioeconomic, and environmental conditions, as well as
uncertainties pertaining to energy reliability (e.g., power when needed to treat and
deliver water), price volatility, and changing climate that could, if born out, result in
a costly operational transition related to the rapidly expanding nexus between
water and energy. Metropolitan’s water delivery operations are historically energyintensive – from the large-scale perspective of pumping vast amounts of water
from the Colorado River into the Southern California coastal plains to the more
moderate scale of treatment of water in urban areas using cutting-edge technology
(e.g., ozone disinfection).
Metropolitan has historically relied on low-cost Hoover Dam hydropower, as well as
a mutually beneficial supplemental power contract with Southern California Edison
to move water from the Colorado River into southern California. Each of these
contracts expires in 2017 and new contracts will be negotiated to allow for an
uninterrupted power supply to Metropolitan. However the subsequent contracts
will result in substantial operational cost increases for Metropolitan. In particular,
Metropolitan expects to lose 5% of its Hoover power allocation, and any
subsequent supplemental power agreement with SCE or other entities will not have
the current contract’s mutually beneficial energy banking and transfer provisions.
The reduction in Hoover power supply in 2017, along with a new and less
manageable supplemental power contract the same year, are illustrative of and
highlight Metropolitan’s concerns pertaining to energy management and
operational cost control. In addition to these contractual issues that will affect
Metropolitan by 2017, there is also concern that current and future regulations
(e.g., GHG legislation) and questions concerning energy price volatility and
reliability are also representative of the many factors likely to accelerate future
operational cost increases. In order to be well-positioned to maximize current and
future water delivery needs while minimizing economic impacts and expanding
resource stewardship goals, Metropolitan is proactively engaged in developing an
energy management master plan to serve as a blueprint to guide the immediate-,
mid-, and long-term projects and decision-making processes for energy
management while reducing Metropolitan’s contribution to GHG emissions. This
blueprint, titled the Energy Management and Reliability Study (EMRS) evaluates
identifiable energy-related risks and provides recommendations to mitigate these
risks. The objectives of the EMRS are as follows:
1) Provide an overview of Metropolitan’s current power position, including:
a. Comprehensive analysis of historic power consumption
b. Metropolitan’s operational power profile and associated energy
contracts and agreements
c. Recent and projected carbon emissions profile
d. Metropolitan’s existing energy management approach
2) Provide an estimate of Metropolitan’s future energy requirements, based
on the Integrated Resources Plan projections for water demand and supply
mix.
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3) Develop and assess various scenarios addressing a wide spectrum of risks
and uncertainties related to:
a. Power reliability
b. Carbon management
c. Climate change
d. Laws and regulations
e. Future energy contracts
4) Develop strategies and identify projects to:
a. Provide hedge against power cost increases that affect
Metropolitan’s operational costs
b. Reduce exposure to energy price volatility
c. Increase operational reliability
d. Provide revenue stream opportunities
e. Reduce carbon emissions and move Metropolitan toward carbon
neutrality and energy independence from outside energy
providers

A. Reasons for this
Study
Section 1
Preamble
Section 2
Executive Summary
Section 3

Metropolitan’s core mission is the delivery of an adequate and reliable
supply of high-quality water to meet current and future needs in an
environmentally and economically-responsible way. As such, this study
focuses on both economics and the environment as they relate to energy.
Energy has historically been a minor cost component in the delivery of
water for the CRA because Metropolitan is fortunate to have access to a
very low-cost supply of energy from the Colorado River hydropower
system. However, potential challenges - broadly listed below - to this
supply of low-cost energy loom on the horizon.

Introduction
Section 4

•

Motivation and Baseline
Operations

•

Section 5
Future Market and
Regulation Conditions

•

Section 6
Response Options for
Power Cost and Carbon
Control
Section 7
Forecast Scenarios
Section 8
Conclusions and
Recommendations

Electricity price escalation and volatility is expected to increase in the near
future
The emergence of GHG-related regulations will place pressure on the
energy sector and could result in dramatic price changes
The long-term results of climate change may negatively impact the
levels of hydropower reservoirs along the Colorado River and
subsequently reduce the availability of low-cost electricity from
Hoover Dam

Metropolitan addressed energy risks at its 2007 Board Retreat and subsequently
adopted revised Energy Policy Principles in 2008 (Appendix C), which provides
guidance and direction for Metropolitan’s energy-related activities in the areas of:
1.
2.
3.
4.

Reliability
Economics
Compliance/Regulation
Stewardship

Later in 2008, and through the middle of 2009, Metropolitan staff presented a
comprehensive carbon management plan entitled the Strategic Power Plan (SPP).
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The goal of the SPP effort entailed recommendations to adopt policies to strive
towards carbon neutrality over several decades. Although Metropolitan’s Board
supported the overall concept to reduce greenhouse gas emissions, it sought to do
so in a concerted effort that would balance long-term energy reliability with cost
control.
To this end, in September 2009 Metropolitan’s Board approved moving forward
with this study - the EMRS - in order to produce a strategic energy plan to:
a)
b)
c)
d)
e)

B. Focus of this
Study

Provide long-term energy reliability;
Identify and evaluate risks
Develop economical renewable and alternative energy projects;
Develop a strategy to comply with GHG laws and regulations; and
Demonstrate energy and environmental stewardship by reducing
Metropolitan’s carbon footprint in an economical fashion.

Metropolitan’s net energy costs are dominated by the pumping (transport)
required to import water via the CRA and State Water Project (SWP) systems.
Power costs for pumping currently account for approximately 96% of
Metropolitan’s cumulative energy expenditures when including the SWP, even
though a majority of this power is priced at wholesale to sub-wholesale rates
(Figure 2-1). The remaining 4% of energy costs are associated with market and submarket retail electricity purchases for water treatment plants (WTP) and other
Metropolitan facilities (Table 2-1). In 2008, 85% of Metropolitan’s total energy
expenditures were associated with the SWP, which accounted for approximately
60% of the total energy consumption to pump water into Southern California. This
disproportionate energy cost is attributed to a higher unit price for electricity along
the SWP. While the majority of cumulative energy expenditures are associated
with the SWP, this study focuses on the wholesale power costs for the CRA and
retail power costs for Metropolitan’s distribution, treatment, and office facilities,
which are under the direct influence of Metropolitan.
The California Department of Water Resources (DWR) is the decision-maker
regarding SWP power. Although Metropolitan does not have direct control over
operations of the SWP, it does directly make decisions regarding the CRA and retail
power demands. Therefore, a first step is to evaluate and focus on the CRA and
retail power, which are under Metropolitan’s direct influence. Current and future
actions will integrate Metropolitan’s preferences for the SWP into an overall energy
management strategy in order to develop a comprehensive Energy Management
Master Plan (EMMP) to prepare for a carbon-regulated environment and mitigate
risks from future energy cost escalations.
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Figure 2-1 In 2008,
Metropolitan paid over
$212 million for direct
and indirect power costs
and consumed over
4,400,000 megawatt
hours (MWh).
Metropolitan directly
controls approximately
15% of its energy costs –
11% is associated with
the CRA, another 4%
with treatment plants,
and other retail load
facilities. The remaining

Section 1
Preamble
Section 2
Executive Summary
Section 3
Introduction
Section 4
Motivation and Baseline
Operations
Section 5
Future Market and
Regulation Conditions
Section 6
Response Options for
Power Cost and Carbon
Control
Section 7
Forecast Scenarios
Section 8
Conclusions and
Recommendations

Table 2-1 In 2008, the
energy use, cost and
associated allocation
along the CRA, WTP’s,
and other retail facilities
shows the
disproportionate cost of
wholesale vs. retail
electricity. Although the
CRA uses 96% of total
energy, it account for
only 74% of expenditures
due to low-cost Hoover
hydropower. Table
based on internal
Metropolitan data
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2008 Total Direct and Indirect Power Costs and Use
$179.8M
(85%)
2.57M MWh

SWP

CRA
Other

Other

CRA

$9M (4%)
0.073M MWh

$23.3M (11%)
1.8M MWh

Table 2-1 Energy Use Allocation and Cost in 2008
Energy Use
(%)

Cost
(%)

Power Cost
($M)

CRA

96%

75%

$23.3

WTP’s

2%

15%

$4.7

Other Retail Use

2%

10%

$3.0
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Electricity prices and
carbon emission credit
prices are projected to
increase due to a cap–
and-trade market and
GHG reduction
regulations enacted in
California in 2012.
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Metropolitan has historically managed and operated the CRA system to maximize
the benefit of low-cost energy available from the large Colorado River hydropower
facilities. Based on current energy market conditions, current and pending
regulations, and currently projected energy availability forecasts, Metropolitan
should not expect significant risks to energy costs within the next five years, unless
drought conditions persist over this period of time. However, there are factors that
could substantially increase energy costs within the next 10 years, and there is
potential for dramatic increases over the next 30 years. Long-term energy
management master planning should begin now to prepare actions and responses
that have an implementation horizon of 5 to 20 years.
CRA energy costs will increase significantly after 2017.
Two significant factors will affect Metropolitan’s CRA energy costs by 2017:
1.

Metropolitan’s contract with Southern California Edison (SCE) that allows
for energy transfers and banking of CRA energy will expire in 2017, and
Metropolitan does not expect this contract to be renewed in its current
form.

2.

Metropolitan’s contract with the federal government for low-cost Hoover
energy will sunset in 2017. The renegotiated, post-2017 contract is
expected to reduce the allocation of low-cost Hoover Dam power by
approximately five percent.

California retail electricity rates are projected to double by 2040.
Utilizing projections from the U.S. Energy Information Administration (EIA), retail
electricity rates were extrapolated to 2040 and applied to California (Figure 2-2).
Based on projections for fuel prices and availability, current regulations,
technological advancements in the energy sector, and the potential
implementation of a future market for carbon offsets/allowances; the price of retail
electricity is projected to increase from approximately $0.095 per kilowatt hour
(kWh) in 2008 to $0.203 per kWh in 2040. Both on-peak and off-peak wholesale
electricity prices are expected to follow the upward trend of retail electricity prices.
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Figure 2-2 Industrial-class
retail electricity prices (1970
to 2040) for California (solid
blue line, triangle) and the
U.S. (solid red line).
Wholesale price averages
three cents below industrial
class retail price. Note
growing divergence between
California and U.S. prices, and
California’s volatility. Shaded
areas show the average (light)
and maximum (dark) ranges
of price volatility. Future
price variations based on
historical data from EIA. See
also Section 5 and Appendix
A for full discussion of this
projection; Section G for
figure assumptions.
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U.S. and California Historical and Projected Price of Retail Electricity
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Section 1
Preamble
Section 2
Executive Summary
Section 3
Introduction
Section 4
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Section 5
Future Market and
Regulation Conditions
Section 6
Response Options for
Power Cost and Carbon
Control
Section 7
Forecast Scenarios
Section 8
Conclusions and
Recommendations

GHG-related regulations are projected to have an estimated 20% to 25% cost
impact on Metropolitan’s power costs.
Current regulations and proposed legislation associated with GHG emissions
and an associated cap-and-trade market for carbon emission credits could
have an upward impact on energy costs. If a carbon cap-and-trade market
implemented in California with resulting high prices for offsets/allowances
(Figure 2-3) , and Metropolitan was required to purchase offsets/allowances
for imported electricity, Metropolitan’s net power costs for the CRA, water
treatment plants, and other retail loads are estimated to increase by 20 to
25% within the next 20 years(Figure 2-4). Individual impacts of legislation on
retail electricity costs are incorporated into the two overall retail categories
because the impact is small compared to the scale of the figure. The direct
and indirect impacts of proposed legislation on wholesale cost are explored
separately.
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$/metric tonne CO2e

Assumed Carbon Price Projection Under AB-32
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Figure 2-3 Linearly increasing projected prices of carbon dioxide equivalents (CO2e) assumed in model Scenario 3 (Section 7).
Prices in 2010 and 2025 ($22/tonne and $60/tonne, resp.) are based on those used in the assessment of the Climate
Stewardship Act of 2003, and assumed to be $20/tonne higher in CA due to stricter AB-32 goals (1990 levels by 2020 versus
2000 levels by 2025). A $0.015/kWh increase in electricity is attributed to a $60/tonne cost of carbon. See also Section 5;
Appendix G for figure assumptions.

Projected Cost of Electricity with Regulatory Changes
$250

Millions of Dollars

$200
$150

Indirect AB-32 Regulation
Direct AB-32 Regulation
Added Cost Reduced Hydro
CRA
Other Retail
Treatment Plants

$100
$50
$0

Year
Figure 2-4 Projected electricity costs projection for CRA and retail systems assumed in Scenario 2 (Section 7). Without climate
change, hydropower is expected to decline 2.2% by 2040 (change assumed to occur linearly from 2010 to 2040) from lower
inflows along the Colorado River (gray). The jump in 2017 is due to projected changes to Hoover power allocation and to the
Metropolitan-SCE contract terms (e.g., loss of banking capability see also Sections 4, 6, and 7). Individual impacts of legislation
on retail electricity costs is incorporated into the two overall retail categories because impact is small compared to the scale of
the figure. The direct and indirect impacts of proposed legislation on wholesale cost are explored separately (purple and
orange, respectively; see also Section 7; Appendix G for figure assumptions).
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CRA power costs could escalate significantly due to loss or reductions of
Colorado River hydropower supplies.
Metropolitan is fortunate to have access to the low-cost energy supply from
the Hoover and Parker dams. However, the future reliability of this energy
supply (in terms of volume and cost), and Metropolitan’s reliance on this
resource introduces energy-related risk. The availability of hydropower is
dependent on power discharge patterns and water levels behind Hoover and
Parker Dams. Recent drought conditions and reductions in dam reservoir
levels have heightened concerns associated with energy supply for the CRA.
Climate change studies for the Colorado River Basin highlight the potential for
prolonged drought events and reductions in inflows along the Colorado River.
To illustrate and quantify possible impacts of climate change on power
availability a scenario analysis was performed (see also Section 7). For this
scenario, the total Hoover production was assumed to match the total Hoover
production derived from a model run conducted by Metropolitan’s Water
Resources Group. The specific model run utilized assumes a 20% runoff
reduction in Colorado River flow and 1955 hydrology sequence (Figure 2-5).
The reductions in Hoover power availability dictated by the model run result
in a dramatic increase of net energy costs for the CRA.

Hypothetical Electricity Costs with Climate Change – 1955 Hydrology

Section 1
Preamble

Executive Summary
Section 3
Introduction
Section 4
Motivation and Baseline
Operations
Section 5
Future Market and
Regulation Conditions
Section 6
Response Options for
Power Cost and Carbon
Control
Section 7

Figure 2-5 Hypothetical
electricity costs projection
assumed for Scenario 4
(Section 7). Hoover power
availability based on model
runs that assume 20% flow
reduction and the 1955
hydrology sequence. Under
this scenario, the cost of
electricity could reach $417
million per year by 2040. See
also Section 5 and 7, and
Appendices D and G for
additional data and figure
assumptions.
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D. Key Findings
of the EMRS

Several significant findings detailed in this study suggest that development of an energy
management master plan is warranted. These finding include:
•

•

•

•

E. Energy
Management
Strategies

December 2009
Metropolitan Water District
of Southern California

85% of MWD’s overall power costs are from SWP
- Costs associated with SWP deliveries are not under Metropolitan’s control
- Need to address risks to the SWP’s future power costs
100% increase in CRA energy costs expected by 2017
- This is based on a projected 5% loss of low-cost Hoover power and SCE
supplemental power contracts by 2017
Implementation of GHG regulations will drive overall energy prices up
- Negotiations for long-term power supply critical to maintain economicallyreliable water supply
Climate change or other environmental factors could increase operational costs
dramatically
- 20% reduction of flow on the Colorado River could reduce availability of
low-cost hydropower, dramatically increasing CRA power costs

In order to develop an EMMP to protect against future price volatility and changing
energy regulations, this EMRS study provides a comprehensive analysis of Metropolitan’s
energy portfolio and historical energy usage, projects future energy costs, evaluates
alternative energy resources, and identifies factors (e.g., GHG-related regulations) that
can impact the future price of energy. This evaluation of the energy industry and the
potential impacts to Metropolitan’s operations yield a number of significant findings
which suggest development of long-term energy management strategies and the EMMP.
Energy management strategies identified below provide overriding guidance to allow
effective administration of Metropolitan’s EMMP. These key energy management
strategies will assist in the decision-making process at Metropolitan and will drive
immediate, near-term, and long-term actions at the Board level.
Key energy management strategies, and methods to demonstrate fulfillment
of the strategies are as follows:
•

Hedge against power cost increases and energy price volatility that affect
Metropolitan’s operational costs
- Establish energy management working group to actively manage
long-range energy plans and programs
- Publish Energy Management Master Plan (EMMP)
- Adopt Energy Management Policies

•

Develop cost-effective alternative energy projects, programs, contracts,
and land leases
- Construct renewable energy facilities that offset Metropolitan’s
energy consumption at the source
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Work with regional partners (e.g., SCE, Southern California Public
Power Authority (SCPPA)) to develop cost-effective projects and
programs
- Pursue revenue stream renewable energy facilities on
operational lands to assist in cost containment, provide
reductions in carbon footprint, and provide a hedge against RPS
regulations
Proactively track and assess risks of GHG regulations to Metropolitan to
assist in hedging against future regulatory and compliance issues related
to GHGs
- Address GHG regulations and potential impacts to Metropolitan
on a biennial basis as part of EMMP reporting process
- Work cooperatively with the State Legislature in assisting with
State goals while minimizing risk to Metropolitan
Demonstrate consistency with California’s Global Warming Solutions Act
of 2006 (AB-32) , moving Metropolitan towards carbon neutrality and
energy independence
- Develop renewable energy programs, plans, and initiatives in a
phased manner to control costs and move Metropolitan towards
carbon neutrality
-

•

•

Section 1
Preamble
Section 2
Executive Summary
Section 3
Introduction
Section 4
Motivation and Baseline
Operations

F. Recommendations: Although energy-related impacts felt by Metropolitan are not expected to be
during the next five years, significant changes are projected to occur
Trigger Points and substantial
within 10 years and could become acute by mid-century.
Response Actions
There is higher confidence in the immediate and near-term impacts and
recommended response actions because there is more certainty in the factors of
influence. Long-term horizons can be impacted by future decisions and factors that
are difficult to predict at this time. However, trends indicate that in the long-term
there are significant price and reliability risks to Metropolitan that are not easily
mitigated unless action begins in the near term.

Section 5
Future Market and
Regulation Conditions
Section 6
Response Options for
Power Cost and Carbon
Control
Section 7
Forecast Scenarios
Section 8
Conclusions and
Recommendations

A variety of trigger points that will dictate moving forward with the recommended
actions are identified below. Recommended actions, based on these trigger points,
and which will drive the decision-making process at Metropolitan are broken into
three distinct planning phases: Immediate (2010-2012), near-term (2013-2020),
and long-term (by 2030).
There are several immediate actions recommended to move forward within the
next two years that are consistent with the EMRS goals detailed herein, support
implementation of the 2008 Board Adopted Energy Policy Principles, and require
short time frames to put into practice (1-2 years). These recommendations are cost
effective, economically feasible, form the basis of a comprehensive energy
management strategy, and are summarized below. A detailed description of
recommendations is presented in Section 8 of this study.
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Energy Management Master Plan Trigger Points

AB-32 regulations become applicable to Metropolitan (i.e., Metropolitan
must reduce GHG emissions)
2. Increase in net metering, virtual net metering, direct access or energy
wheeling occurs, allowing Metropolitan to develop renewables, store
energy on grid, and offset consumption in various locations
3. Renewable Portfolio Standards (RPS) hits 33% by 2020 and Metropolitan
becomes directly regulated
4. Carbon price hits $60/ton affecting wholesale and retail rates
5. Hoover contract ends; loss of up to 5% low-cost Hoover power
6. Loss of supplemental SCE power contract on CRA – Metropolitan
supplemental energy costs increases
7. Cost for larger-scale solar or wind power reach parity with retail/wholesale
rates due to technological advancements and market pricing reductions
8. Enhanced RPS Standards hit energy industry: 50% by 2030, 80% by 2050
9. Wholesale electricity hits $200/MWh
10. Carbon price hits $160/ton affecting wholesale and retail rates
11. Reduction of Hoover power supply due to climate change, i.e., water
supply cannot drive hydroplant turbines at full load

1.

Recommended Energy Management Master Plan Actions

Immediate Recommended Actions (fiscal years 2010/11, 2011/12).
1.
2.
3.
4.

5.
6.

7.

8.
9.

Create organizational niche within Metropolitan to oversee long-term
energy management master planning activities
Construct 10 Megawatts (MW) of Solar at water treatment plants, per
Plant-wide Solar Feasibility Study and Preliminary Design Draft Report
Construct 10 MW Yorba Linda Power Plant conversion to meet all Diemer
loads
Begin the design of four new small hydroelectric generation plants with a
total capacity of 7 MW (per draft report of Hydroelectric Plant Feasibility
Study)
Enter into partnership with SCPPA to develop 50-100 MW renewable
energy project that will provide supplemental power along the CRA
Enter into partnerships with SCPPA and other energy organizations and
work actively with its members to address energy-related risks and
address master planning activities
Proceed with energy-related efficiency and conservation projects at
Metropolitan’s facilities as well as demonstration projects at
Metropolitan’s Union Station Headquarters Building
Proceed with updated comprehensive energy audits at all Metropolitan
facilities and identify potential operational improvements
Develop strategy for addressing energy risks associated with the SWP
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Near-term Recommended Actions (within next 5-10 years).
1.

2.

3.
4.
5.
6.

7.

Section 1
Preamble

Begin construction of four new small hydroelectric generation plants with
a total capacity of 7 MW (per draft report of Hydroelectric Plant Feasibility
Study)
Negotiate new small hydroelectric contracts to maintain flexibility to
retain environmental attributes in the form of Renewable Energy
Certificates (RECs) and renegotiate (if applicable) existing hydroelectric
contracts on an as-needed basis to retain all RECs
Begin power use along CRA of 50-100 MW renewable energy facility
Install additional 10 MW solar at Lake Skinner
Install additional 70 MW solar at Foothill Power Plant, Etiwanda Power
Plant, DVL, Lake Mathews, Eagle Valley, and Arrow Highway
Perform conceptual evaluation studies for utility-scale solar and wind
facilities on Metropolitan property. Install wind data logging systems
necessary to determine site feasibility
Develop other candidate projects as shown on the attached Energy Master
Plan Road Map (attached at the end of this section) as needed and on a
project-by-project basis.

Development of the near-term recommendations will assist in achieving a 50%
carbon reduction across Metropolitan’s purchased retail power supply by 2015
and a 100% carbon reduction by 2020.

Section 2
Executive Summary
Section 3
Introduction
Section 4
Motivation and Baseline
Operations
Section 5
Future Market and
Regulation Conditions
Section 6
Response Options for
Power Cost and Carbon
Control
Section 7
Forecast Scenarios

Long-term Recommended Actions (2020-2030).
1.

Partner/construct additional 100-200 MW renewable energy projects
a. Sited along CRA
b. Utilize economies of scale for capital purchase or market
competitive Power Purchase Agreements (PPA)
c. Candidate sites would serve large load/consuming pumping
plants 24/7

Development of the long-term recommendations will assist in achieving a 100%
carbon reduction across Metropolitan’s entire (non-SWP) power supply by 2030.
As outlined in Metropolitan’s 2010 Energy Management Policy, long-term actions
will be defined by various elements (e.g., regulations, legislations, contracts, etc.)
that will dictate appropriate response measures by Metropolitan. Long-term
energy management goals are to control energy costs, strive for energy
independence, and become carbon neutral.

Section 8
Conclusions and
Recommendations

In order to accomplish these goals, staff will actively manage the EMMP – as
specific trigger points appear on the horizon, staff will return to the Board to
outline programs, projects, and initiatives to meet the long-term goals.
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Staff has prepared proposed policies that recognize the upward pressure on cost
caused by the expiration of advantageous contracts, evolving power markets, and
increased regulatory pressure to reduce GHG emissions. These policies are
important in that they represent long-term planning guidelines that will better
prepare Metropolitan for an environment in which the reaction to GHG regulations
negatively impacts both water supply and power cost. The proposed policies as
well as a Road Map for achieving long-term energy management goals are attached
at the end of this section, and form the basis for a comprehensive EMMP that will
allow Metropolitan to move forward with controlling costs, reducing its carbon
footprint, and establishing itself as a steward of the public from both a water and
energy perspective.
Staff recommends adopting the Energy Management Policies of 2010, based on the
following overriding objectives for any and all future energy-related projects:
•
•
•
•

Contain costs and reduce exposure to energy price volatility
Increase operational reliability
Provides revenue stream
Moves Metropolitan toward carbon neutrality and energy

The specific policies to be adopted are:
•
•
•
•

•

•

Regulatory: Manage and track Federal and State GHG regulations to hedge
against price and regulatory risks towards Metropolitan
Legislation: Pursue legislation to increase net metering, feed-in-tariffs, energy
wheeling, or other means to allow expansion of renewables
Contracts: Maintain maximum flexibility on existing and future contracts with
Hoover and other energy contracts to hedge against cost and regulatory risks
Projects/Partnerships: Pursue cost-effective renewable energy projects and
partnerships to hedge against energy price increases, regulatory risks, and
move Metropolitan towards carbon footprint reductions
Revenue Stream: Pursue revenue stream renewable energy facilities on
operational lands to assist in cost containment, provide reductions in carbon
footprint, and provide a hedge against RPS regulations
Carbon Footprint: Develop projects and programs to reduce Metropolitan’s
carbon footprint at the retail level in 2015 by 50%, at the retail level in 2020 by
100%, and at both retail and wholesale levels in 2030 by 100% (carbon neutral)

Adoption of these policies will allow staff to move forward with the EMMP –
bringing cost-effective and environmentally responsible programs, projects, and
initiatives back to the Board on a case-by-case basis.
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Energy Master Plan Road Map
Energy Reliability, Cost Containment, and Carbon Neutrality
PHASE

1

TIMEFRAME

2010−2015

TRIGGER POINTS
Energy / Carbon Related Regulatory
Energy Market Triggers
Triggers
− AB-32 Regulation becomes
applicable to Metropolitan
(i.e., must reduce GHG emissions,
both direct and indirect)

− Increase in net metering or virtual
net metering limitations allowing
expansion of renewables and
storage on grid

− Renewable Portfolio Standards
(RPS) hits 33% by 2020

− Re-institution of direct access or
− CRA energy costs increase from
energy wheeling allowing
$23 M in 2009 to nearly $30 M
Metropolitan to develop renewables
in 2015 due to loss of benefit
and sell to market
energy

− Phase 1 trigger points occur:

− Hoover contract ends; loss of up to
5% low-cost Hoover contract

AB-32 Regulation becomes
applicable to Metropolitan
(i.e., must reduce GHG emissions,
both direct and indirect)
2

2015−2020

COST IMPLICATIONS
to Metropolitan

− RPS hits 33% by 2020 and
Metropolitan becomes regulated
− Carbon price hits $60/ton

− Loss of Supplemental SCE power
contract on CRA – Metropolitan
supplemental energy costs increase
− Cost for larger scale solar or wind
power reach parity with
retail/wholesale rates due to
technological advancements and
market pricing reductions

− Annual energy operating costs
increase 15-20% due to indirect
impacts to energy prices related
to regulations

METHODS OF COST
CONTAINMENT

− Construct solar power facilities
at WTPs
− Construct new hydroelectric
facilities within distribution
system
− Partner with regional energy
providers or groups to develop
competitive power purchase
agreements

− Overall CRA annual energy
− Construct large-scale solar or
operating costs increase 100%
wind power facilities at
due to Hoover contract
candidate sites within
reductions, expiration of the
Metropolitan’s distribution
Service and Interchange
system
Agreement with SCE, and
− Partner with regional energy
indirect impacts to energy prices
providers or groups to develop
related to regulations
competitive power purchase
agreements

CANDIDATE PROJECTS

− 10 MW of solar at water
treatment plants to reduce
behind-the-meter consumption
− 10 MW Yorba Linda Power Plant
conversion to meet all load at
Diemer

3

2020−2030

AB-32 Regulation becomes
applicable to Metropolitan
(i.e., must reduce GHG emissions,
both direct and indirect)
− RPS Standards hit energy industry:
50% by 2030, 80% by 2050
− Wholesale electricity hits
$200/MWh
− CO2 price hits $160/ton

− Reduction of Hoover power supply
due to climate change, i.e., water
supply cannot drive hydroplant
turbines at full load
− GHG emissions from artificial lakes
and reservoirs included in cap-andtrade; price of Hoover/Parker power
increases

− Overall CRA annual energy
operating costs increase
skyrocket – affecting water rate
structure

− Construct large-scale solar or
wind power facilities at
candidate sites along
Metropolitan’s CRA

− Annual retail energy costs for
water treatment plants and
other retail facilities baseline at
$10 M annually (2008 costs =
$9 M)

− Achieves a 50% carbon
reduction across
− Construct 7-10 MW small hydro
Metropolitan’s purchased retail
facilities along distribution system
power supply
− SCPPA “Evergreen”-type
Projects/Partnerships
− Partner on 100 MW renewable
energy projects along CRA
utilizing cost competitive PPA’s
below $100/MWh
− Install additional 10 MW of solar
at Lake Skinner
− Install 70 MW solar facilities:
Foothill Power Plant, Etiwanda
Power Plant, DVL, Lake Mathews,
Eagle Valley, and Arrow Highway
− SCPPA/others “Evergreen” –type
Projects/Partnerships

− Phase 1 and 2 trigger points occur:

ENERGY COSTS & CARBON
REDUCTION RESULTS

− Partner/construct 100-200 MW
renewable energy projects along
CRA utilizing economies of scale
for capital purchase or market
competitive PPA’s
− Candidate sites would serve large
load/consuming pumping plants
24/7

− Annual retail energy costs for
water treatment plants and
other retail facilities are
contained and grow at normal
rate of inflation
− Annual energy costs along CRA
are reduced by 10-20% from
projected post-2017 costs
− Achieves a 100% carbon
reduction across
Metropolitan’s purchased retail
power supply

− Annual wholesale and retail
energy costs are contained and
remain constant
− Achieves a 100% carbon
reduction across
Metropolitan’s entire
purchased power supply
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Section 1

Preamble

The Metropolitan Water District of Southern California’s (Metropolitan) goal for
this study is to develop a comprehensive energy management strategy in order to
achieve long-term reliable power supply, to protect against energy market price
volatility, to analyze risks, potential costs and opportunities associated with
regulations including laws governing GHG emission reductions and increased use of
renewable energy, and to hedge against overall cost risks for the operation of all of
Metropolitan’s water distribution system and the Colorado River Aqueduct (CRA),
consistent with its mission.
The mission of Metropolitan is to provide its service area with adequate and
reliable supplies of high-quality water to meet present and future needs in an
environmentally and economically responsible way. As a leader in the water and
utility industry, Metropolitan has made great strides in developing water
conservation strategies that have substantially reduced per-capita retail demand
throughout its six-county service area. The conveyance, treatment, and
distribution of water is both a highly energy intensive and energy dependent
process, and as such, Metropolitan – as a steward of the public and in conjunction
with its mission – has overriding goals to control operational costs and conserve
valuable natural resources to provide for the production of an environmentally and
economically responsible water supply to its customers. Much as it has with water,
Metropolitan aspires to show leadership in the areas of energy resource
sustainability and conservation.
The approved 2008/09 General Manager’s Business Plan outlines several strategic
priorities, including sustainability. In particular, the Business Plan states:
Metropolitan is faced with many challenges to ensure the longterm viability and sustainability of Southern California’s water
supply serving over 18 million people. The challenges include the
potential impacts of changing climate, increased urbanization,
endangered species, increased environmental regulation and
litigation, increasing competition for water, and population
pressures. Metropolitan is committed to addressing these issues
and ensuring long-term, high-quality water supply in a manner
that promotes our commitment to sustainability and reduces our
environmental footprint.
Furthermore, Metropolitan understands that the California Global Warming
Solutions Act of 2006 (Assembly Bill [AB]-32) - which requires the California Air
Resources Board (CARB) to develop regulations and market mechanisms that will
ultimately reduce California's greenhouse gas (GHG) emissions to 1990 levels by
2020 (a reduction of approximately 25%) – could have a direct effect on
Metropolitan’s overall water supply costs, as energy providers will be required to
invest in renewable energy efforts and technologies to meet the requirements of
the Act. These efforts will likely result in higher costs being passed on to wholesale
and retail end users such as Metropolitan, increasing the likelihood of rising prices
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and continued price volatility in the electricity market. Metropolitan’s cost of
power has increased substantially over the past 25-30 years, with a historical
average annual increase of 5.7% from 1970-2005 due to structural changes in the
energy industry, the increased demand for scarce natural resources, and general
price inflation.
Since the energy crisis of 2000-01, Metropolitan has developed several energy
initiatives as well as other related construction and planning projects. A major
planning activity entitled the Strategic Power Plan (SPP) was presented to the
Metropolitan Board of Directors in July 2009 as an informational item. The
resulting Board comments led to a redirection and change in focus for the planning
efforts. As a result, the SPP has evolved into the Energy Management and
Reliability Study (EMRS). The EMRS’s purpose is to provide long-term power
reliability, to protect against energy market price volatility, to hedge against overall
cost risks for the operation of all of Metropolitan’s facilities, and to analyze risks,
potential costs, and opportunities associated with regulations including laws
governing GHG emission reductions and increased use of renewable energy.
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Introduction
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Future Market and
Regulation Conditions
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Response Options for
Power Cost and Carbon
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Conclusions and
Recommendations
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Section 2

Executive
Summary

The Metropolitan Water District of Southern California faces a period of
challenging political, socioeconomic, and environmental conditions, as well as
uncertainties pertaining to energy reliability (e.g., power when needed to treat and
deliver water), price volatility, and changing climate that could, if born out, result in
a costly operational transition related to the rapidly expanding nexus between
water and energy. Metropolitan’s water delivery operations are historically energyintensive – from the large-scale perspective of pumping vast amounts of water
from the Colorado River into the Southern California coastal plains to the more
moderate scale of treatment of water in urban areas using cutting-edge technology
(e.g., ozone disinfection).
Metropolitan has historically relied on low-cost Hoover Dam hydropower, as well as
a mutually beneficial supplemental power contract with Southern California Edison
to move water from the Colorado River into southern California. Each of these
contracts expires in 2017 and new contracts will be negotiated to allow for an
uninterrupted power supply to Metropolitan. However the subsequent contracts
will result in substantial operational cost increases for Metropolitan. In particular,
Metropolitan expects to lose 5% of its Hoover power allocation, and any
subsequent supplemental power agreement with SCE or other entities will not have
the current contract’s mutually beneficial energy banking and transfer provisions.
The reduction in Hoover power supply in 2017, along with a new and less
manageable supplemental power contract the same year, are illustrative of and
highlight Metropolitan’s concerns pertaining to energy management and
operational cost control. In addition to these contractual issues that will affect
Metropolitan by 2017, there is also concern that current and future regulations
(e.g., GHG legislation) and questions concerning energy price volatility and
reliability are also representative of the many factors likely to accelerate future
operational cost increases. In order to be well-positioned to maximize current and
future water delivery needs while minimizing economic impacts and expanding
resource stewardship goals, Metropolitan is proactively engaged in developing an
energy management master plan to serve as a blueprint to guide the immediate-,
mid-, and long-term projects and decision-making processes for energy
management while reducing Metropolitan’s contribution to GHG emissions. This
blueprint, titled the Energy Management and Reliability Study (EMRS) evaluates
identifiable energy-related risks and provides recommendations to mitigate these
risks. The objectives of the EMRS are as follows:
1) Provide an overview of Metropolitan’s current power position, including:
a. Comprehensive analysis of historic power consumption
b. Metropolitan’s operational power profile and associated energy
contracts and agreements
c. Recent and projected carbon emissions profile
d. Metropolitan’s existing energy management approach
2) Provide an estimate of Metropolitan’s future energy requirements, based
on the Integrated Resources Plan projections for water demand and supply
mix.
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3) Develop and assess various scenarios addressing a wide spectrum of risks
and uncertainties related to:
a. Power reliability
b. Carbon management
c. Climate change
d. Laws and regulations
e. Future energy contracts
4) Develop strategies and identify projects to:
a. Provide hedge against power cost increases that affect
Metropolitan’s operational costs
b. Reduce exposure to energy price volatility
c. Increase operational reliability
d. Provide revenue stream opportunities
e. Reduce carbon emissions and move Metropolitan toward carbon
neutrality and energy independence from outside energy
providers

A. Reasons for this
Study
Section 1
Preamble
Section 2
Executive Summary
Section 3

Metropolitan’s core mission is the delivery of an adequate and reliable
supply of high-quality water to meet current and future needs in an
environmentally and economically-responsible way. As such, this study
focuses on both economics and the environment as they relate to energy.
Energy has historically been a minor cost component in the delivery of
water for the CRA because Metropolitan is fortunate to have access to a
very low-cost supply of energy from the Colorado River hydropower
system. However, potential challenges - broadly listed below - to this
supply of low-cost energy loom on the horizon.

Introduction
Section 4

•

Motivation and Baseline
Operations

•

Section 5
Future Market and
Regulation Conditions

•

Section 6
Response Options for
Power Cost and Carbon
Control
Section 7
Forecast Scenarios
Section 8
Conclusions and
Recommendations

Electricity price escalation and volatility is expected to increase in the near
future
The emergence of GHG-related regulations will place pressure on the
energy sector and could result in dramatic price changes
The long-term results of climate change may negatively impact the
levels of hydropower reservoirs along the Colorado River and
subsequently reduce the availability of low-cost electricity from
Hoover Dam

Metropolitan addressed energy risks at its 2007 Board Retreat and subsequently
adopted revised Energy Policy Principles in 2008 (Appendix C), which provides
guidance and direction for Metropolitan’s energy-related activities in the areas of:
1.
2.
3.
4.

Reliability
Economics
Compliance/Regulation
Stewardship

Later in 2008, and through the middle of 2009, Metropolitan staff presented a
comprehensive carbon management plan entitled the Strategic Power Plan (SPP).
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The goal of the SPP effort entailed recommendations to adopt policies to strive
towards carbon neutrality over several decades. Although Metropolitan’s Board
supported the overall concept to reduce greenhouse gas emissions, it sought to do
so in a concerted effort that would balance long-term energy reliability with cost
control.
To this end, in September 2009 Metropolitan’s Board approved moving forward
with this study - the EMRS - in order to produce a strategic energy plan to:
a)
b)
c)
d)
e)

B. Focus of this
Study

Provide long-term energy reliability;
Identify and evaluate risks
Develop economical renewable and alternative energy projects;
Develop a strategy to comply with GHG laws and regulations; and
Demonstrate energy and environmental stewardship by reducing
Metropolitan’s carbon footprint in an economical fashion.

Metropolitan’s net energy costs are dominated by the pumping (transport)
required to import water via the CRA and State Water Project (SWP) systems.
Power costs for pumping currently account for approximately 96% of
Metropolitan’s cumulative energy expenditures when including the SWP, even
though a majority of this power is priced at wholesale to sub-wholesale rates
(Figure 2-1). The remaining 4% of energy costs are associated with market and submarket retail electricity purchases for water treatment plants (WTP) and other
Metropolitan facilities (Table 2-1). In 2008, 85% of Metropolitan’s total energy
expenditures were associated with the SWP, which accounted for approximately
60% of the total energy consumption to pump water into Southern California. This
disproportionate energy cost is attributed to a higher unit price for electricity along
the SWP. While the majority of cumulative energy expenditures are associated
with the SWP, this study focuses on the wholesale power costs for the CRA and
retail power costs for Metropolitan’s distribution, treatment, and office facilities,
which are under the direct influence of Metropolitan.
The California Department of Water Resources (DWR) is the decision-maker
regarding SWP power. Although Metropolitan does not have direct control over
operations of the SWP, it does directly make decisions regarding the CRA and retail
power demands. Therefore, a first step is to evaluate and focus on the CRA and
retail power, which are under Metropolitan’s direct influence. Current and future
actions will integrate Metropolitan’s preferences for the SWP into an overall energy
management strategy in order to develop a comprehensive Energy Management
Master Plan (EMMP) to prepare for a carbon-regulated environment and mitigate
risks from future energy cost escalations.
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Figure 2-1 In 2008,
Metropolitan paid over
$212 million for direct
and indirect power costs
and consumed over
4,400,000 megawatt
hours (MWh).
Metropolitan directly
controls approximately
15% of its energy costs –
11% is associated with
the CRA, another 4%
with treatment plants,
and other retail load
facilities. The remaining
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Table 2-1 In 2008, the
energy use, cost and
associated allocation
along the CRA, WTP’s,
and other retail facilities
shows the
disproportionate cost of
wholesale vs. retail
electricity. Although the
CRA uses 96% of total
energy, it account for
only 74% of expenditures
due to low-cost Hoover
hydropower. Table
based on internal
Metropolitan data
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2008 Total Direct and Indirect Power Costs and Use
$179.8M
(85%)
2.57M MWh

SWP

CRA
Other

Other

CRA

$9M (4%)
0.073M MWh

$23.3M (11%)
1.8M MWh

Table 2-1 Energy Use Allocation and Cost in 2008
Energy Use
(%)

Cost
(%)

Power Cost
($M)

CRA

96%

75%

$23.3

WTP’s

2%

15%

$4.7

Other Retail Use

2%

10%

$3.0
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C. Future Projections

Electricity prices and
carbon emission credit
prices are projected to
increase due to a cap–
and-trade market and
GHG reduction
regulations enacted in
California in 2012.
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Metropolitan has historically managed and operated the CRA system to maximize
the benefit of low-cost energy available from the large Colorado River hydropower
facilities. Based on current energy market conditions, current and pending
regulations, and currently projected energy availability forecasts, Metropolitan
should not expect significant risks to energy costs within the next five years, unless
drought conditions persist over this period of time. However, there are factors that
could substantially increase energy costs within the next 10 years, and there is
potential for dramatic increases over the next 30 years. Long-term energy
management master planning should begin now to prepare actions and responses
that have an implementation horizon of 5 to 20 years.
CRA energy costs will increase significantly after 2017.
Two significant factors will affect Metropolitan’s CRA energy costs by 2017:
1.

Metropolitan’s contract with Southern California Edison (SCE) that allows
for energy transfers and banking of CRA energy will expire in 2017, and
Metropolitan does not expect this contract to be renewed in its current
form.

2.

Metropolitan’s contract with the federal government for low-cost Hoover
energy will sunset in 2017. The renegotiated, post-2017 contract is
expected to reduce the allocation of low-cost Hoover Dam power by
approximately five percent.

California retail electricity rates are projected to double by 2040.
Utilizing projections from the U.S. Energy Information Administration (EIA), retail
electricity rates were extrapolated to 2040 and applied to California (Figure 2-2).
Based on projections for fuel prices and availability, current regulations,
technological advancements in the energy sector, and the potential
implementation of a future market for carbon offsets/allowances; the price of retail
electricity is projected to increase from approximately $0.095 per kilowatt hour
(kWh) in 2008 to $0.203 per kWh in 2040. Both on-peak and off-peak wholesale
electricity prices are expected to follow the upward trend of retail electricity prices.
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Figure 2-2 Industrial-class
retail electricity prices (1970
to 2040) for California (solid
blue line, triangle) and the
U.S. (solid red line).
Wholesale price averages
three cents below industrial
class retail price. Note
growing divergence between
California and U.S. prices, and
California’s volatility. Shaded
areas show the average (light)
and maximum (dark) ranges
of price volatility. Future
price variations based on
historical data from EIA. See
also Section 5 and Appendix
A for full discussion of this
projection; Section G for
figure assumptions.
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U.S. and California Historical and Projected Price of Retail Electricity
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GHG-related regulations are projected to have an estimated 20% to 25% cost
impact on Metropolitan’s power costs.
Current regulations and proposed legislation associated with GHG emissions
and an associated cap-and-trade market for carbon emission credits could
have an upward impact on energy costs. If a carbon cap-and-trade market
implemented in California with resulting high prices for offsets/allowances
(Figure 2-3) , and Metropolitan was required to purchase offsets/allowances
for imported electricity, Metropolitan’s net power costs for the CRA, water
treatment plants, and other retail loads are estimated to increase by 20 to
25% within the next 20 years(Figure 2-4). Individual impacts of legislation on
retail electricity costs are incorporated into the two overall retail categories
because the impact is small compared to the scale of the figure. The direct
and indirect impacts of proposed legislation on wholesale cost are explored
separately.
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$/metric tonne CO2e

Assumed Carbon Price Projection Under AB-32
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Year
Figure 2-3 Linearly increasing projected prices of carbon dioxide equivalents (CO2e) assumed in model Scenario 3 (Section 7).
Prices in 2010 and 2025 ($22/tonne and $60/tonne, resp.) are based on those used in the assessment of the Climate
Stewardship Act of 2003, and assumed to be $20/tonne higher in CA due to stricter AB-32 goals (1990 levels by 2020 versus
2000 levels by 2025). A $0.015/kWh increase in electricity is attributed to a $60/tonne cost of carbon. See also Section 5;
Appendix G for figure assumptions.

Projected Cost of Electricity with Regulatory Changes
$250

Millions of Dollars

$200
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Indirect AB-32 Regulation
Direct AB-32 Regulation
Added Cost Reduced Hydro
CRA
Other Retail
Treatment Plants

$100
$50
$0

Year
Figure 2-4 Projected electricity costs projection for CRA and retail systems assumed in Scenario 2 (Section 7). Without climate
change, hydropower is expected to decline 2.2% by 2040 (change assumed to occur linearly from 2010 to 2040) from lower
inflows along the Colorado River (gray). The jump in 2017 is due to projected changes to Hoover power allocation and to the
Metropolitan-SCE contract terms (e.g., loss of banking capability see also Sections 4, 6, and 7). Individual impacts of legislation
on retail electricity costs is incorporated into the two overall retail categories because impact is small compared to the scale of
the figure. The direct and indirect impacts of proposed legislation on wholesale cost are explored separately (purple and
orange, respectively; see also Section 7; Appendix G for figure assumptions).
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CRA power costs could escalate significantly due to loss or reductions of
Colorado River hydropower supplies.
Metropolitan is fortunate to have access to the low-cost energy supply from
the Hoover and Parker dams. However, the future reliability of this energy
supply (in terms of volume and cost), and Metropolitan’s reliance on this
resource introduces energy-related risk. The availability of hydropower is
dependent on power discharge patterns and water levels behind Hoover and
Parker Dams. Recent drought conditions and reductions in dam reservoir
levels have heightened concerns associated with energy supply for the CRA.
Climate change studies for the Colorado River Basin highlight the potential for
prolonged drought events and reductions in inflows along the Colorado River.
To illustrate and quantify possible impacts of climate change on power
availability a scenario analysis was performed (see also Section 7). For this
scenario, the total Hoover production was assumed to match the total Hoover
production derived from a model run conducted by Metropolitan’s Water
Resources Group. The specific model run utilized assumes a 20% runoff
reduction in Colorado River flow and 1955 hydrology sequence (Figure 2-5).
The reductions in Hoover power availability dictated by the model run result
in a dramatic increase of net energy costs for the CRA.

Hypothetical Electricity Costs with Climate Change – 1955 Hydrology
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Figure 2-5 Hypothetical
electricity costs projection
assumed for Scenario 4
(Section 7). Hoover power
availability based on model
runs that assume 20% flow
reduction and the 1955
hydrology sequence. Under
this scenario, the cost of
electricity could reach $417
million per year by 2040. See
also Section 5 and 7, and
Appendices D and G for
additional data and figure
assumptions.
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D. Key Findings
of the EMRS

Several significant findings detailed in this study suggest that development of an energy
management master plan is warranted. These finding include:
•

•

•

•

E. Energy
Management
Strategies

December 2009
Metropolitan Water District
of Southern California

85% of MWD’s overall power costs are from SWP
- Costs associated with SWP deliveries are not under Metropolitan’s control
- Need to address risks to the SWP’s future power costs
100% increase in CRA energy costs expected by 2017
- This is based on a projected 5% loss of low-cost Hoover power and SCE
supplemental power contracts by 2017
Implementation of GHG regulations will drive overall energy prices up
- Negotiations for long-term power supply critical to maintain economicallyreliable water supply
Climate change or other environmental factors could increase operational costs
dramatically
- 20% reduction of flow on the Colorado River could reduce availability of
low-cost hydropower, dramatically increasing CRA power costs

In order to develop an EMMP to protect against future price volatility and changing
energy regulations, this EMRS study provides a comprehensive analysis of Metropolitan’s
energy portfolio and historical energy usage, projects future energy costs, evaluates
alternative energy resources, and identifies factors (e.g., GHG-related regulations) that
can impact the future price of energy. This evaluation of the energy industry and the
potential impacts to Metropolitan’s operations yield a number of significant findings
which suggest development of long-term energy management strategies and the EMMP.
Energy management strategies identified below provide overriding guidance to allow
effective administration of Metropolitan’s EMMP. These key energy management
strategies will assist in the decision-making process at Metropolitan and will drive
immediate, near-term, and long-term actions at the Board level.
Key energy management strategies, and methods to demonstrate fulfillment
of the strategies are as follows:
•

Hedge against power cost increases and energy price volatility that affect
Metropolitan’s operational costs
- Establish energy management working group to actively manage
long-range energy plans and programs
- Publish Energy Management Master Plan (EMMP)
- Adopt Energy Management Policies

•

Develop cost-effective alternative energy projects, programs, contracts,
and land leases
- Construct renewable energy facilities that offset Metropolitan’s
energy consumption at the source
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Work with regional partners (e.g., SCE, Southern California Public
Power Authority (SCPPA)) to develop cost-effective projects and
programs
- Pursue revenue stream renewable energy facilities on
operational lands to assist in cost containment, provide
reductions in carbon footprint, and provide a hedge against RPS
regulations
Proactively track and assess risks of GHG regulations to Metropolitan to
assist in hedging against future regulatory and compliance issues related
to GHGs
- Address GHG regulations and potential impacts to Metropolitan
on a biennial basis as part of EMMP reporting process
- Work cooperatively with the State Legislature in assisting with
State goals while minimizing risk to Metropolitan
Demonstrate consistency with California’s Global Warming Solutions Act
of 2006 (AB-32) , moving Metropolitan towards carbon neutrality and
energy independence
- Develop renewable energy programs, plans, and initiatives in a
phased manner to control costs and move Metropolitan towards
carbon neutrality
-

•

•
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F. Recommendations: Although energy-related impacts felt by Metropolitan are not expected to be
during the next five years, significant changes are projected to occur
Trigger Points and substantial
within 10 years and could become acute by mid-century.
Response Actions
There is higher confidence in the immediate and near-term impacts and
recommended response actions because there is more certainty in the factors of
influence. Long-term horizons can be impacted by future decisions and factors that
are difficult to predict at this time. However, trends indicate that in the long-term
there are significant price and reliability risks to Metropolitan that are not easily
mitigated unless action begins in the near term.
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A variety of trigger points that will dictate moving forward with the recommended
actions are identified below. Recommended actions, based on these trigger points,
and which will drive the decision-making process at Metropolitan are broken into
three distinct planning phases: Immediate (2010-2012), near-term (2013-2020),
and long-term (by 2030).
There are several immediate actions recommended to move forward within the
next two years that are consistent with the EMRS goals detailed herein, support
implementation of the 2008 Board Adopted Energy Policy Principles, and require
short time frames to put into practice (1-2 years). These recommendations are cost
effective, economically feasible, form the basis of a comprehensive energy
management strategy, and are summarized below. A detailed description of
recommendations is presented in Section 8 of this study.
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Energy Management Master Plan Trigger Points

AB-32 regulations become applicable to Metropolitan (i.e., Metropolitan
must reduce GHG emissions)
2. Increase in net metering, virtual net metering, direct access or energy
wheeling occurs, allowing Metropolitan to develop renewables, store
energy on grid, and offset consumption in various locations
3. Renewable Portfolio Standards (RPS) hits 33% by 2020 and Metropolitan
becomes directly regulated
4. Carbon price hits $60/ton affecting wholesale and retail rates
5. Hoover contract ends; loss of up to 5% low-cost Hoover power
6. Loss of supplemental SCE power contract on CRA – Metropolitan
supplemental energy costs increases
7. Cost for larger-scale solar or wind power reach parity with retail/wholesale
rates due to technological advancements and market pricing reductions
8. Enhanced RPS Standards hit energy industry: 50% by 2030, 80% by 2050
9. Wholesale electricity hits $200/MWh
10. Carbon price hits $160/ton affecting wholesale and retail rates
11. Reduction of Hoover power supply due to climate change, i.e., water
supply cannot drive hydroplant turbines at full load

1.

Recommended Energy Management Master Plan Actions

Immediate Recommended Actions (fiscal years 2010/11, 2011/12).
1.
2.
3.
4.

5.
6.

7.

8.
9.

Create organizational niche within Metropolitan to oversee long-term
energy management master planning activities
Construct 10 Megawatts (MW) of Solar at water treatment plants, per
Plant-wide Solar Feasibility Study and Preliminary Design Draft Report
Construct 10 MW Yorba Linda Power Plant conversion to meet all Diemer
loads
Begin the design of four new small hydroelectric generation plants with a
total capacity of 7 MW (per draft report of Hydroelectric Plant Feasibility
Study)
Enter into partnership with SCPPA to develop 50-100 MW renewable
energy project that will provide supplemental power along the CRA
Enter into partnerships with SCPPA and other energy organizations and
work actively with its members to address energy-related risks and
address master planning activities
Proceed with energy-related efficiency and conservation projects at
Metropolitan’s facilities as well as demonstration projects at
Metropolitan’s Union Station Headquarters Building
Proceed with updated comprehensive energy audits at all Metropolitan
facilities and identify potential operational improvements
Develop strategy for addressing energy risks associated with the SWP
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Near-term Recommended Actions (within next 5-10 years).
1.

2.

3.
4.
5.
6.

7.

Section 1
Preamble

Begin construction of four new small hydroelectric generation plants with
a total capacity of 7 MW (per draft report of Hydroelectric Plant Feasibility
Study)
Negotiate new small hydroelectric contracts to maintain flexibility to
retain environmental attributes in the form of Renewable Energy
Certificates (RECs) and renegotiate (if applicable) existing hydroelectric
contracts on an as-needed basis to retain all RECs
Begin power use along CRA of 50-100 MW renewable energy facility
Install additional 10 MW solar at Lake Skinner
Install additional 70 MW solar at Foothill Power Plant, Etiwanda Power
Plant, DVL, Lake Mathews, Eagle Valley, and Arrow Highway
Perform conceptual evaluation studies for utility-scale solar and wind
facilities on Metropolitan property. Install wind data logging systems
necessary to determine site feasibility
Develop other candidate projects as shown on the attached Energy Master
Plan Road Map (attached at the end of this section) as needed and on a
project-by-project basis.

Development of the near-term recommendations will assist in achieving a 50%
carbon reduction across Metropolitan’s purchased retail power supply by 2015
and a 100% carbon reduction by 2020.

Section 2
Executive Summary
Section 3
Introduction
Section 4
Motivation and Baseline
Operations
Section 5
Future Market and
Regulation Conditions
Section 6
Response Options for
Power Cost and Carbon
Control
Section 7
Forecast Scenarios

Long-term Recommended Actions (2020-2030).
1.

Partner/construct additional 100-200 MW renewable energy projects
a. Sited along CRA
b. Utilize economies of scale for capital purchase or market
competitive Power Purchase Agreements (PPA)
c. Candidate sites would serve large load/consuming pumping
plants 24/7

Development of the long-term recommendations will assist in achieving a 100%
carbon reduction across Metropolitan’s entire (non-SWP) power supply by 2030.
As outlined in Metropolitan’s 2010 Energy Management Policy, long-term actions
will be defined by various elements (e.g., regulations, legislations, contracts, etc.)
that will dictate appropriate response measures by Metropolitan. Long-term
energy management goals are to control energy costs, strive for energy
independence, and become carbon neutral.

Section 8
Conclusions and
Recommendations

In order to accomplish these goals, staff will actively manage the EMMP – as
specific trigger points appear on the horizon, staff will return to the Board to
outline programs, projects, and initiatives to meet the long-term goals.

1/12/2010 Board Meeting
2-13 Page

G. Moving Forward:
Adopt Energy
Management
Policies

9-2
Energy Management and Reliability Study

Attachment 2, Page 29 of 288
December 2009
Metropolitan Water District
of Southern California

Staff has prepared proposed policies that recognize the upward pressure on cost
caused by the expiration of advantageous contracts, evolving power markets, and
increased regulatory pressure to reduce GHG emissions. These policies are
important in that they represent long-term planning guidelines that will better
prepare Metropolitan for an environment in which the reaction to GHG regulations
negatively impacts both water supply and power cost. The proposed policies as
well as a Road Map for achieving long-term energy management goals are attached
at the end of this section, and form the basis for a comprehensive EMMP that will
allow Metropolitan to move forward with controlling costs, reducing its carbon
footprint, and establishing itself as a steward of the public from both a water and
energy perspective.
Staff recommends adopting the Energy Management Policies of 2010, based on the
following overriding objectives for any and all future energy-related projects:
•
•
•
•

Contain costs and reduce exposure to energy price volatility
Increase operational reliability
Provides revenue stream
Moves Metropolitan toward carbon neutrality and energy

The specific policies to be adopted are:
•
•
•
•

•

•

Regulatory: Manage and track Federal and State GHG regulations to hedge
against price and regulatory risks towards Metropolitan
Legislation: Pursue legislation to increase net metering, feed-in-tariffs, energy
wheeling, or other means to allow expansion of renewables
Contracts: Maintain maximum flexibility on existing and future contracts with
Hoover and other energy contracts to hedge against cost and regulatory risks
Projects/Partnerships: Pursue cost-effective renewable energy projects and
partnerships to hedge against energy price increases, regulatory risks, and
move Metropolitan towards carbon footprint reductions
Revenue Stream: Pursue revenue stream renewable energy facilities on
operational lands to assist in cost containment, provide reductions in carbon
footprint, and provide a hedge against RPS regulations
Carbon Footprint: Develop projects and programs to reduce Metropolitan’s
carbon footprint at the retail level in 2015 by 50%, at the retail level in 2020 by
100%, and at both retail and wholesale levels in 2030 by 100% (carbon neutral)

Adoption of these policies will allow staff to move forward with the EMMP –
bringing cost-effective and environmentally responsible programs, projects, and
initiatives back to the Board on a case-by-case basis.
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Energy Master Plan Road Map
Energy Reliability, Cost Containment, and Carbon Neutrality
PHASE

1

TIMEFRAME

2010−2015

TRIGGER POINTS
Energy / Carbon Related Regulatory
Energy Market Triggers
Triggers
− AB-32 Regulation becomes
applicable to Metropolitan
(i.e., must reduce GHG emissions,
both direct and indirect)

− Increase in net metering or virtual
net metering limitations allowing
expansion of renewables and
storage on grid

− Renewable Portfolio Standards
(RPS) hits 33% by 2020

− Re-institution of direct access or
− CRA energy costs increase from
energy wheeling allowing
$23 M in 2009 to nearly $30 M
Metropolitan to develop renewables
in 2015 due to loss of benefit
and sell to market
energy

− Phase 1 trigger points occur:

− Hoover contract ends; loss of up to
5% low-cost Hoover contract

AB-32 Regulation becomes
applicable to Metropolitan
(i.e., must reduce GHG emissions,
both direct and indirect)
2

2015−2020

COST IMPLICATIONS
to Metropolitan

− RPS hits 33% by 2020 and
Metropolitan becomes regulated
− Carbon price hits $60/ton

− Loss of Supplemental SCE power
contract on CRA – Metropolitan
supplemental energy costs increase
− Cost for larger scale solar or wind
power reach parity with
retail/wholesale rates due to
technological advancements and
market pricing reductions

− Annual energy operating costs
increase 15-20% due to indirect
impacts to energy prices related
to regulations

METHODS OF COST
CONTAINMENT

− Construct solar power facilities
at WTPs
− Construct new hydroelectric
facilities within distribution
system
− Partner with regional energy
providers or groups to develop
competitive power purchase
agreements

− Overall CRA annual energy
− Construct large-scale solar or
operating costs increase 100%
wind power facilities at
due to Hoover contract
candidate sites within
reductions, expiration of the
Metropolitan’s distribution
Service and Interchange
system
Agreement with SCE, and
− Partner with regional energy
indirect impacts to energy prices
providers or groups to develop
related to regulations
competitive power purchase
agreements

CANDIDATE PROJECTS

− 10 MW of solar at water
treatment plants to reduce
behind-the-meter consumption
− 10 MW Yorba Linda Power Plant
conversion to meet all load at
Diemer

3

2020−2030

AB-32 Regulation becomes
applicable to Metropolitan
(i.e., must reduce GHG emissions,
both direct and indirect)
− RPS Standards hit energy industry:
50% by 2030, 80% by 2050
− Wholesale electricity hits
$200/MWh
− CO2 price hits $160/ton

− Reduction of Hoover power supply
due to climate change, i.e., water
supply cannot drive hydroplant
turbines at full load
− GHG emissions from artificial lakes
and reservoirs included in cap-andtrade; price of Hoover/Parker power
increases

− Overall CRA annual energy
operating costs increase
skyrocket – affecting water rate
structure

− Construct large-scale solar or
wind power facilities at
candidate sites along
Metropolitan’s CRA

− Annual retail energy costs for
water treatment plants and
other retail facilities baseline at
$10 M annually (2008 costs =
$9 M)

− Achieves a 50% carbon
reduction across
− Construct 7-10 MW small hydro
Metropolitan’s purchased retail
facilities along distribution system
power supply
− SCPPA “Evergreen”-type
Projects/Partnerships
− Partner on 100 MW renewable
energy projects along CRA
utilizing cost competitive PPA’s
below $100/MWh
− Install additional 10 MW of solar
at Lake Skinner
− Install 70 MW solar facilities:
Foothill Power Plant, Etiwanda
Power Plant, DVL, Lake Mathews,
Eagle Valley, and Arrow Highway
− SCPPA/others “Evergreen” –type
Projects/Partnerships

− Phase 1 and 2 trigger points occur:

ENERGY COSTS & CARBON
REDUCTION RESULTS

− Partner/construct 100-200 MW
renewable energy projects along
CRA utilizing economies of scale
for capital purchase or market
competitive PPA’s
− Candidate sites would serve large
load/consuming pumping plants
24/7

− Annual retail energy costs for
water treatment plants and
other retail facilities are
contained and grow at normal
rate of inflation
− Annual energy costs along CRA
are reduced by 10-20% from
projected post-2017 costs
− Achieves a 100% carbon
reduction across
Metropolitan’s purchased retail
power supply

− Annual wholesale and retail
energy costs are contained and
remain constant
− Achieves a 100% carbon
reduction across
Metropolitan’s entire
purchased power supply

1/12/2010 Board Meeting
2-16 Page

9-2
Energy Management and Reliability Study

This page intentionally left blank

Attachment 2, Page 32 of 288
December 2009
Metropolitan Water District
of Southern California

1/12/2010 Board Meeting

9-2

Attachment 2, Page 33 of 288

3-1 Page

Energy Management and Reliability Study

Section 3

The Metropolitan Water District of Southern California is the nation’s largest

Introduction

provider of treated drinking water. Each day during a normal year, Metropolitan
moves more than 1.5 billion gallons of water through its distribution system,
delivering supplies to 26 member agencies with its expansive water and power
distribution system (Figures 3-1 and 3-2). The member agencies, in turn, sell that
water to more than 300 sub-agencies or directly to consumers. In all, 19 million
Southern Californians rely on Metropolitan for some or all of the water they use in
their homes and businesses.

A. Section Summary

December 2009
Metropolitan Water District
of Southern California

Water that is imported into Southern California has a high energy intensity
associated with it, which means that large amounts of electricity are needed to
pump water from its source to Southern California. Energy that Metropolitan
directly pays for is used to convey water along the CRA, treat water, and run its
various local facilities. Metropolitan indirectly pays for the electricity used to
convey water along the State Water Project (SWP). Since Metropolitan does not
directly pay for and control electricity decisions along the SWP, analysis of the SWP
power costs is not included in the scope of this report.
Since Metropolitan
does not directly
pay for and control
electricity decisions
along the SWP,
analysis of the SWP
power costs is not
included in the
scope of this report

Electricity needs on the CRA have historically been satisfied through a mix of
electricity transactions, long-term contracts with power providers, and low-cost
hydropower. There are several factors that could affect the future ability of
Metropolitan to continue to deliver water from the CRA at relatively low costs in
the future. These factors include:
1.
2.
3.
4.

5.
6.

Expiration of the CRA supplemental power contract with SCE in 2017
Expiration of the Hoover power contract with the Western Area
Power Administration (WAPA) in 2017
AB-32 implementation impacts and potential direct regulation of
Metropolitan
Price escalation and increased volatility due to:
• GHG cap-and-trade or carbon tax programs
• Increased RPS requirements
• Energy supply and demand issues
• Grid expansion/smart grid technologies implementation
• Potential deregulation of energy markets
Natural disasters and climate change
Climate change affects power availability from the Hoover Dam
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Ensuring water delivery is Metropolitan’s core business function and to satisfy
this goal, Metropolitan critically relies on electrical power. As detailed in this
report, Metropolitan has historically satisfied CRA-related energy needs with
hydropower, energy trading, and long-term contracts with power providers that
have provided power service at wholesale rates or lower. However, because of
efforts to restructure the electricity market, increasing global resource competition,
climate concerns, and regulation on GHG emissions, electric power markets are
likely to continue the trend of recent history and experience an increase in price
volatility and cost escalation. There are also uncertainties regarding the availability
of Metropolitan’s historical power resources when the long-term contracts expire
with WAPA and SCE in 2017. These contracts provide significant quantities of
reliably-delivered, low-cost electricity and impacts to their pricing could affect the
bottom-line cost of power.
The objective of this study is very specific and is summarized below:
Develop a strategy for reliable, cost-effective energy supply to meet
Metropolitan’s demand for the next 30 years to protect against future
price volatility, escalating costs, and changing energy regulations.

C. Report Scope
Analyze Colorado River
Aqueduct, treatment
facilities, management and
operations and exclude the
State Water Project.

The purpose of this report is to focus on immediate, near-term, and long-term
issues surrounding energy management and cost control on the CRA (which utilizes
wholesale power) and the distribution system (which utilizes retail power) through
2040. This report will provide a systematic review of power systems and
operations, focusing on long-term power reliability and cost management, and will
establish the relationship between power generation and water supply. To achieve
this, analysis of numerous factors will be reviewed including fuel sources, power
plant construction, renewable energy development, and climate change affects.
This report will pool together a broad array of data to support project analysis and
decision recommendations for the full planning period.
Beyond the core scope of this project is Metropolitan’s participation with the SWP
which is operated by the DWR. DWR charges for delivered water based on the cost
to transport the water to a specific delivery point. While a significant portion of
Metropolitan’s SWP cost is associated with power, the related energy decisions are
beyond the direct control of Metropolitan. Therefore, the SWP is not the focus of
the EMRS. However, in collaboration with the other State Water Contractors
(SWC), Metropolitan does expend considerable time and resources working with
DWR on their energy activities, including chairing the SWC Energy Committee.
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T

here are numerous and diverse factors that could contribute to both energy price
volatility and cost escalation. These factors are diverse, interconnected, require
holistic evaluation, and which include the major items listed below. Factors
include:
1.
2.
3.
4.
5.
6.

Fuel prices and volatility
Renewable Portfolio Standards and transmission grid expansion
Emergence of greenhouse gas and RPS regulations
Technology advances and incentives
Water-energy nexus and grid expansion
Natural disasters and climate change

1. Fuel prices and volatility
Price growth and volatility is expected to increase.
Fuel prices are principal to the price of non-renewable retail and wholesale priced
electricity consumed by Metropolitan. Fortunately, Metropolitan procures the bulk
of its CRA energy from hydropower and other wholesale power sources at a
relatively constant and stable rate. The cost per kilo-watt hour (kWh) component
of retail electricity, by contrast, represents a significantly higher fraction of
Metropolitan’s cost for electricity in comparison to its fraction of use (Table 3-1).
Section 1

Of the wholesale electricity supplied to the CRA in 2008, 5% of the cost ($1.2
million) is purchased non-hydro wholesale power. As greater volumes of water are
transported through the CRA as detailed in Metropolitan’s 2004 Integrated
Resource Plan, the percentage of purchased non-hydro electricity will increase
(Metropolitan, 2004). The water treatment plants and other sites are all subject to
retail energy rates. If wholesale and retail electricity prices double within the next
30 years, based on 2008 data Metropolitan could incur an additional cost of $7.7
million of cost exposure on the retail level and an additional $5.4 million in
wholesale costs. The ultimate wholesale energy cost impact will be dependent on
CRA deliveries. These issues are explored later in this report to help provide
decision support to manage the energy costs associated with the CRA facilities.
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Table 3-1 Energy Use Allocation and Cost-2008

Section 6
Response Options for
Power Cost and Carbon
Control
Section 7

Energy Use

Cost

Approximate Power Cost

CRA

96%

75%

$23,300,000

WTPs

2%

15%

$4,700,000

Other Retail Use

2%

10%

$3,000,000

Forecast Scenarios
Section 8
Conclusions and
Recommendations

Table 3-1 Energy use on the CRA is disproportional to the total expenditures on energy due primarily to
low-cost Hoover and Parker power supplies coupled with SCE benefit energy (see Section 4; Appendix
A). Table based on internal Metropolitan data.
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Natural gas is the primary fuel used for electricity power generation in California,
whereas coal use is virtually non-existent. As California’s pollution control
regulations increase and GHG emissions start to be regulated in 2012 under capand-trade, the cost for power will likely be affected. Power prices have gone up an
average of 5.7% per year in California over the past 35 years (EIA, 2009a) and this
annual price escalation is likely to increase. This report also explores volatility
increases that could affect Metropolitan’s annual budgeting process. A more
complete discussion of these phenomena and historical prices for electricity,
natural gas and coal are found in Section 4, Section 5, and Appendix A.

2. Renewable portfolio standards and transmission grid expansion
Renewable Portfolio Standards are expected to increase retail electricity rates.
As regional and national requirements for renewable energy content, otherwise
known as RPS, become stricter and investments in transmission and energy storage
expand, the potential for increased exposure to rising retail power costs will grow.
To meet RPS goals, new renewable generating capacity must be built. This new
capacity will likely occur in remote areas of California in which conditions are
optimal for large solar and wind installations, and additional transmission lines will
need to be built to tie these remote sites into the existing grid. There are already
plans to install additional transmission lines within California to connect to sites
that have major renewable generation capacity. One of the four scoped
transmission lines will cross the Tehachapi Mountains at a cost of $1.8 billion
(Gillette, et al., 2009). Much of the cost of this expansion is paid for by rate-payers.
It is estimated that for every $100 billion invested in the grid nationally, a
residential consumer energy bill will go up by $4 per month (Gold, 2009). Up to $2
trillion may be needed to establish a next generation level grid system (Gold, 2009).
It can be expected that such upgrades will likely put upward pressure on
Metropolitan’s electricity costs. Further review of the financial impacts of grid
expansion is explained in Section 6 and 8.

3. Emergence of greenhouse gas regulations
California AB-32 and proposed federal bills will likely alter historic power supply
and demand balances in California.
California State laws (Global Warming Solutions Act of 2006, AB-32) and proposed
federal bills that are expected to be enacted within the next two years could impact
the rate of increase and volatility of electrical energy costs. California will have a
functional carbon cap-and-trade program authorized under AB-32 in 2012. This
cap-and-trade system will limit GHG emissions, expressed as carbon dioxide
equivalent (CO2e), for 85% of California’s emissions covering its heaviest stationary
polluters by 2020. Other CO2e control mechanisms discussed have included a
carbon tax.
Complimentary federal cap-and-trade laws - the Waxman-Markey Bill (HR 2454)
and the Kerry-Boxer Bill (S.1733) - are currently under deliberation in the U.S.
Congress . These are the leading bills of several that have been proposed in
Congress, and it is uncertain at this time what version or which of these bills will be
approved. Metropolitan is not specifically called out for inclusion in the State
emission caps program. However, the power resources that emit significant GHG’s
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will be covered under proposed caps or taxes, and thus Metropolitan could be
affected indirectly as the power producers will pass costs on to customers. It is
anticipated that emission regulation limits will drive up the cost of both wholesale
and retail power in the short-, medium-, and long-term as power providers
incorporate new technologies to deal with emission requirements, and build an
extensive, non-polluting energy infrastructure.
The State of California is also subject to the Governor’s Executive Order S-3-05,
which sets a 80% reduction of 1990 level CO2e emissions by 2050. This rule will
provide the foundation for later State rule development that Metropolitan could
need to adhere to. The risk that regulation will drive some action by Metropolitan
is reasonably expected to occur within the next 30 years. Executive Order S-14-08
also has been added by the Governor to extend the State’s renewable portfolio
standard to 33% renewables by 2020.

4. Technology advances and incentives

Section 1
Preamble
Section 2
Executive Summary
Section 3
Introduction
Section 4
Motivation and Baseline
Operations
Section 5
Future Market and
Regulation Conditions
Section 6
Response Options for
Power Cost and Carbon
Control
Section 7
Forecast Scenarios
Section 8
Conclusions and
Recommendations

… water pricing and
supply management
strategy are
inextricably tied to
power demand
management and
controlling
operational costs.

Self-generation power technology could be a viable solution to control electricity
costs and CO2e emissions.
Fossil fuel-free energy generation methods (such as hydropower) have been used
for centuries but only recently have technologies reached the point of having the
combined factors required for large scale implementation as well as suitability for
self-generation: demand economies of scale, sufficiently low production costs, and
stable incentive program funding. Solar photovoltaic, solar thermal, biogas, landfill
methane capture, and wind are all now cost-effective, viable technologies for the
broader energy economy. However, direct comparison of power plants utilizing
different technologies can be difficult as factors affecting cost effectiveness vary
widely. For instance, natural gas-fired power plants have a relatively low capital
cost, but an operating cost that is dependent on a volatile commodity. A
hydropower plant, on the other hand, has a relatively low cost of operation, but
requires significant upfront capital outlays. To put all technologies on a similar
plane, levelized cost of energy (LCOE) is used. LCOE results in the cost of
generating energy for a particular system based on an economic assessment of all
of the costs over its lifetime. However, different groups may use different
economic assumptions. This makes comparisons between LCOE values in different
reports difficult to assess side-by-side without an in-depth discussion of
assumptions. In Appendix E these costs and basic assumptions are summarized.

5. Water-energy nexus
Water supply and energy are linked.
Programs to control water supply and demand as well as power costs can be capital
intensive and require careful planning in order to effectively utilize organizational
resources. Cost control is a primary driver of power purchase planning. While
most of Metropolitan’s electricity comes from its low-cost hydropower (Hoover and
Parker) allocations, Metropolitan also purchases supplemental wholesale energy
for the CRA system and retail energy for the treatment plants and distribution
facilities. Market-based off-peak wholesale energy can be up to four times more
expensive than energy from Hoover and Parker, and on-peak wholesale energy can
be up to five times more expensive than energy from Hoover and Parker.
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Offsetting the purchase of wholesale and retail power requires increasing system
efficiency as well as investment in new power generation sources. It then becomes
imperative to note that water pricing and supply management strategy are
inextricably tied to power demand management and controlling operational costs.
Sections 5 and 6 explore some of the identifiable risks to Metropolitan’s low-cost
hydropower supply. Incorporating these possible risks into Metropolitan’s business
plan will be an important consideration for the future.

6. Compounding challenges – natural disasters & climate change
Natural disasters and a dryer climate pose substantial risks for Metropolitan.
Natural disasters at the local- and regional-scale (e.g., earthquake, fire, flooding)
present calculable risks to Metropolitan’s CRA infrastructure and operations. While
the timing of these events is unpredictable, they are certain to occur and their
effects are known and can be estimated. For these reasons, events that could
affect Metropolitan or its partners’ (e.g., SCE) infrastructure and mission represent
an opportunity to manage and, where possible, mitigate risk. Casual observation of
locations of Metropolitan facilities shows that Metropolitan’s CRA operations are
especially vulnerable to rapid (e.g., earthquake, flooding, terrorism) and slowly
unfolding (e.g., climate change) hazards that could cause major disruptions to
operations within the region. Metropolitan shares this burden with many regional
entities responsible for providing and maintaining critical services. The CRA (canals,
tunnels), distribution, and treatment systems are for Metropolitan, particularly
vulnerable to disruption near to and west of the San Andreas Fault. Equally
important and vulnerable are the power generation and transmission infrastructure
provided by others, but required to power CRA operations. Development of a level
of redundancy, local power generation capacity, and partnering on grid expansion
are all viable alternatives that would help mitigate some of the risks associated with
damage to the energy infrastructure as a result of short-term events (e.g.,
earthquake). These risk mitigation alternatives are explored in greater detail in
Section 6.
Unpredictable and status quo-altering of seasonal weather patterns to long-term
climate patterns in California and the greater Southwestern U.S. pose a threat to
Colorado River water availability, which in turn may alter the availability of cheap
hydropower electricity, lead to base load demand shifts, and increase overall grid
prices. The production of inexpensive Hoover and Parker Dam electricity relies on
consistent and predictable availability of rainfall and snowmelt inflowing from
capture zones throughout the Upper and Lower Colorado Basin. However, while
the availability of adequate water supply and power at costs below market price
are key to the economic feasibility and operational success of Metropolitan’s CRA
system, strongly documented scientific data suggests that historical Colorado River
water and electricity delivery capabilities are threatened, and prior to 2040 could
be quite different than those of the past century. If predictions are accurate, longterm changing climate patterns will be accompanied by shifts in long-and shortterm weather patterns (e.g., rainfall, snowfall) and increased weather intensities
(e.g., shifts in number of cooling and heating degree days). The consideration of
these climate-related variations is relatively new to the planning and management
of activities in the State. Section 5 and Appendix D of this report review the state
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of climate change science related to the Upper and Lower Colorado Basins - which
overwhelmingly suggest lower precipitation, and changing heat and precipitation
patterns - and specifically explore how these potential effects might change
California and Metropolitan’s operations.
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Section 4

Motivation
and
Baseline
Operations
A. Section Summary

Metropolitan spent more than $200 million in 2008 on electricity for SWP, CRA,
and distribution facilities operations; this was not an atypical year. While
Metropolitan does not directly control energy use decisions along the SWP, it does
control decision making with respect to the CRA and distribution system. A variety
of factors are predicted to cause electricity prices to rise above and beyond the
historical trend of rate increase. These include: supply and demand constraints,
cap-and-trade regulation under AB-32 or proposed federal regulation, RPS
standards, and further deregulation of energy markets. In addition, two contracts
that currently provide Metropolitan with low to no-cost power for the CRA are set
to expire in 2017, and future contract terms are uncertain. This exposes
Metropolitan to potential reductions in low-cost energy. To make up for these
potential low-cost energy losses, Metropolitan would have to purchase
supplemental power at wholesale rates, resulting in an increase in costs.
Moving forward, several factors may well affect the ability of Metropolitan to
deliver water from the CRA at relatively low costs. These factors include:
1.
2.

3.
4.
5.
6.
7.

Increased RPS standards
Increase in long-term price and short-term volatility of natural gas (e.g.,
shift from nationwide reliance on coal to natural gas, market
manipulation) will proportionately affect Metropolitan’s wholesale and
retail power purchases
Incentives for self-generation reduce the cost of adoption
Interchange agreement with SCE related to CRA use will expire in 2017
Contract with WAPA for Hoover power will expire in 2017
Adoption of a cap-and-trade federally or in California under AB-32; and
Reduced water levels along the Colorado River (specifically at Lake Mead)
reduce hydropower production

Metropolitan’s contracts for wholesale electricity provide for a significant portion
of CRA electricity load at low to no cost. Hoover (U.S. Department of Energy (DOE)WAPA) and Parker (United States Bureau of Reclamation – USBR) electricity
contracts provide up to 60% of the CRA electricity load at $0.015-$0.02 per kWh.
The SCE contract provides a minimum of 200,000 MWh of free electricity (i.e.,
benefit energy) and allows Metropolitan to shift (i.e., bank) excess electricity for
future use, thereby reducing the amount of purchased power needed. The SCE and
Hoover contracts expire in 2017.
Metropolitan’s energy profile is not balanced between the various loads. Of all the
direct electricity used, 96% is wholesale electricity used to meet the CRA load and
only 4% is consumed at the treatment plants and other retail facilities. The
electricity cost distribution is not equivalent to the distribution of electricity
consumption because the various electricity sources have widely different costs.
Benefit energy is free. Hoover and Parker hydropower costs less than $0.02/kWh
on average. Market off-peak wholesale electricity is three to four times more
expensive than Hoover/Parker hydropower. Retail is at least six times as expensive
as Hoover/Parker hydropower.
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Metropolitan produces electricity from 16 small (1-30 MW) hydropower facilities
that are distributed throughout its service area. These hydro facilities, except at
the Yorba Linda plant, feed directly to local power retailers and not to the CRA or
the WTPs. Looking at revenue/cost comparisons, power production from these
facilities generates over $20M per year o
off revenue, which can be as much as twice
the costs associated with purchasing wholesale electricity purchases on the CRA
system.

B.

Motivations

The SWP dominates Metropolitan’s electricity cost budget (85% in 2008).

Metropolitan’s assets include a wide range of transmission, treatment and
distribution facilities, serve a population of over 19 million, and span over 5,200
square miles of Los Angeles, Orange, San Diego, Riverside, San Bernardino, and
Ventura counties (Figure 3-1). Metropolitan is aware of the role that energy
(specifically electricity) plays in the operations of its facilities, and that energyrelated cost control is key to maintaining a low-cost water supply (Figure 4-1).
While this report focuses on the CRA system, integrated planning with the SWP
program will be necessary to fully capitalize on efforts to control electricity-related
expenses.

2008 Total Direct and Indirect Power Costs and Use
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Power Cost and Carbon
Control

Figure 4-1 Breakdown of
Metropolitan’s 2008
electricity costs and use.
In 2008, Metropolitan
paid over $212M in direct
and indirect power costs.
Metropolitan directly
controls approximately
15% of its energy costs –
11% is associated with the
CRA, another 4% with
treatment plants, and
other retail load facilities.
The remaining 85% is
associated with the SWP.
Figure based on internal
Metropolitan data.

$179.8M (85%)
2.57M MWh

SWP
CRA
Other

Other
$9M (4%)
0.073M MWh

CRA
$23.3M (11%)
1.8M MWh
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Much of the power from the CRA system is currently obtained at low to no cost
because of early partnering and long-term contracting with both the federal
government (DOE/WAPA) and SCE. This may no longer be the case as
Metropolitan’s contracts with both WAPA and SCE expire in 2017. The contract
with WAPA is under renegotiation and Metropolitan staff expects that it will lose
approximately 5% of its electricity allotment from Hoover Dam. While
Metropolitan seeks to renew or retain certain beneficial aspects of its current
contract with SCE, or another party, exact future terms and conditions are
unknown.
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Climate change brings new electricity cost drivers to California.
Due to climate change concerns (Section 5 and Appendix D) and associated
regulations (Appendix B), and the results of previous energy market restructuring,
new price drivers have emerged that will likely affect power prices and the cost of
water in the region. These may hinder Metropolitan’s ability to deliver water to
Southern California at rates near historic levels. New price drivers differ from
historical price drivers, vary widely in form, and are usually associated with
regulations regarding climate change and GHG emissions. With the anticipated
onset of carbon pricing entering California’s economic equation around 2012,
Metropolitan’s electricity costs will indirectly or directly become influenced by the
rate of GHGs emissions from power generators.
While rising costs and increased volatility associated with new price drivers will
likely negatively impact Metropolitan’s bottom line, adoption of renewable selfgenerating electricity facilities and other power price management tools could also
add to Metropolitan’s costs. To actively mitigate energy price increases, or to move
toward self-generation, the associated costs must be reasonable within the context
of potential impacts due to inaction, and be in line with Metropolitan’s risk
tolerance.
Efficiently managing its electricity resources is part of Metropolitan’s core
mission.
In addition to strict cost concerns, Metropolitan’s mission statement provides
guidance to procure and deliver water in an “environmentally responsible” manner.
In concordance with that mission, and given the need to balance global warmingrelated regulations and cost concerns, Metropolitan’s Board, in an April 2007
meeting (Appendix C), called for a reduction in Metropolitan’s carbon footprint and
mitigation of risks associated with future carbon-related fees and regulations.
Subsequently, Metropolitan adopted Energy Policy Principles in 2008 (Appendix C).
These Energy Policy Principles are broken into four categories: Reliability,
Economics, Compliance/Regulatory, and Stewardship.
Reliability: Metropolitan owns and operates significant energy-related assets,
including a 230kV transmission system (Figure 5-1) and has long-term federal
hydropower generation contracts to support the pumping requirements on the
CRA. These items provide a reliable supply of power to run the pumps and
move water from the Colorado River to Southern California. The following
Principles are to preserve and protect these assets:
•
•

Preserve Metropolitan’s existing contract rights.
Protect Metropolitan’s ability to fully utilize the CRA transmission
facilities and prevent adverse impact from third party
interconnections, transmission expansion, and generation
development.
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Economics: Energy costs and revenues can have significant fiscal impact to
Metropolitan. Impacts may be direct, such as incentive payments to expand
Metropolitan’s renewable generation capability, or indirect through billings for
water from the SWP. The following Principles support the concept of
“beneficiary pays” or cost causation as the basis for energy-related costs
charged to Metropolitan, and protect Metropolitan’s economic interests in
energy efficiency and renewable generation projects:
•
•
•

Ensure power costs are allocated on a “beneficiary pays” principle.
Protect Metropolitan’s interests as the State Water Project develops
new and renewable generation resources.
Pursue available federal, state or local agency funding for
Metropolitan’s renewable energy development and implementation
of energy efficiency projects.

Compliance/Regulatory: Regulations and compliance requirements relating to
energy activities are becoming increasingly complex and burdensome, affecting
Metropolitan by making activities subject to additional regulations or limiting
available options for use by Metropolitan’s assets. The following Principles
relate to the pursuit of effective, efficient, and reasonable regulations while
maintaining maximum Board authority over Metropolitan’s energy activities:
Section 1

•

Preamble

•

Section 2
Executive Summary

•

Maintain Board authority over Metropolitan’s energy activities.
Protect and enhance Metropolitan’s ability to maximize revenue from
its electric generation resources.
Promote recognition of large hydropower generation as a renewable
energy resource for all purposes.
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Stewardship: As a public agency, Metropolitan has the responsibility and
obligation to manage the resources entrusted to it in a prudent manner that
provides for the public good. Metropolitan has historically been a good
steward of its water and energy resources through conservation efforts and
the use and development of renewable energy. The following Principles
support the continued prudent and sustainable utilization of energy and
development of effective and equitable energy-related legislation and
regulations:
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•

Section 7

•
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•

Section 8
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•

Protect Metropolitan’s investment in long-term renewable power
resources such as the Hoover and Parker Dam power plants.
Develop economically responsible renewable energy projects.
Promote energy conservation through water conservation.
Promote effective and equitable legislation and regulations regarding
energy-related climate change and sustainability issues.

In 2008, Metropolitan’s Board also directed staff to expand their analysis of
their power supply in light of these policy principles, mainly focusing on
energy-related cost control and carbon neutrality. From that request, the SPP
was developed for Metropolitan to move toward carbon neutrality by 2030.
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In 2009, concerned over losing sight of the costs of carbon neutrality, the
Board re-evaluated its original goals. The result was a new focus on managing
Metropolitan’s energy expenditure level, mitigating volatility, and increasing
reliability. A cost-effective and reliable power supply is essential to the longterm sustainability of Metropolitan’s mission of providing Southern California
with high-quality, reliable, low-cost water. To address concerns over rising
costs and balance any potential conflicts between minimizing the energy costs
and environmental impacts of water delivery, Metropolitan must develop an
immediate to long-term methodology that addresses both managing power
costs and developing internal policy goals regarding sustainability of
Metropolitan’s operations.

1. Rising power costs
California’s electricity prices have historically increased faster than U.S. rates and
are expected to continue doing so in the future.
The steady growth in energy prices over the last 40 years is a major issue, and the
always present possibilities of rapid price escalation and/or volatility is of significant
concern. Even without carbon pricing, the last decade has seen steep growth in
energy prices nationwide (Figure 4-2).
Metropolitan purchases both wholesale and retail electricity. Wholesale electricity
is purchased in bulk either from electricity providers (i.e., SCE) or from electricity
generators (i.e., Hoover – WAPA), and is used to meet CRA pumping demand.
Wholesale power rates are typically lower than retail rates, and typically include
only generation and transmission costs. There are two main categories of
wholesale electricity: off-peak and on-peak. On-peak prices generally reflect both
variable and fixed costs. Off-peak prices generally reflect only variable costs.
Historical wholesale price data is sparse (e.g., U.S. Energy Information
Administration (EIA) has wholesale data by North American Electric Reliability
Corporation (NERC) region from 2001-2008); therefore, wholesale price data is only
discussed in the context of future projections (Section 5, Appendix A).
Retail electricity is purchased from SCE, Los Angeles Department of Water and
Power (LADWP), Riverside Public Utility and other electric utilities for use at the
treatment plants, distribution facilities, office buildings, and other non-CRA
facilities. There are three main categories of retail electricity: residential,
industrial, and commercial. Due to factors such as use volume and long-term
contracting, industrial prices are usually lower than commercial prices, which are in
turn lower than residential prices. Industrial electricity prices typically reflect
wholesale costs plus profit mark-up for the providing utility. Metropolitan uses
industrial-class retail electricity to meet its treatment plant and distribution facility
needs.
Historical (Section 4; Appendix A) and projected (Section 5; Appendix A) industrialclass retail electricity prices provide the base for this report’s analysis. Assumptions
for both on-peak and off-peak wholesale prices are based on industrial-class retail
prices, minus the average price differential between off-peak or on-peak wholesale
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Figure 4-2 Average yearly
retail “industrial-class”
electricity price in the CA
(solid blue, triangle) and US
(solid red, cross) and, price
differential (solid green,
square); linear regression
trend (dashed) of each as
shown. Paired values (in
bold) represent the total
change (%) in historical
prices between 1970 to
2008, and average (%) all
year-to-year price changes –
respectively. Single values
(italic text) indicate the
trendline slope in
cents/year. Regression
trends show that California
prices have grown at a
steeper rate than U.S. prices
since the 1972 energy crisis.
Effects of climate change
and $40-$160/tonne CO2e
pricing are not expected in
the near term, but will likely
steepen the trends shown.
Assumptions and figure data
from EIA, 2009e; EIA, 2009j;
EIA 2009k as further
detailed in Appendix G.
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The cap-and-trade program
that will be enacted in 2012
as part of AB-32 is expected
to increase electricity prices.
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and industrial-class retail electricity (Figure 5-4). In the context of this report
industrial-class retail electricity will be referred to as “retail”.

U.S. and California Historical Retail Electricity Prices
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Appendix A of this report includes a detailed analysis of historical energy data for
the nation and California. The major findings and conclusions of this analysis show
that:
•
Electric power sector is responsible for 40% of total U.S. CO2e
emissions
•
U.S. electricity sector is heavily-dependent on coal as a fuel
•
California electricity sector is heavily-dependent on natural gas fuels
•
U.S. electricity prices fluctuate with coal price
•
California electricity prices fluctuate with natural gas price
•
Coal and natural gas are both high CO2e emitters, though coal burning
typically releases twice the CO2e of natural gas combustion
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a) Restructuring of California’s electricity markets
The effectiveness of new regulatory changes to curb 2000/2001-style electricity
market manipulation is questionable; the market may still be at risk for price
manipulation.
The significant spike in electricity prices in California that occurred during 2000 and
2001 was due in large part to manipulation of the partially-deregulated electricity
market in California. During this time, some generation sources and transmission
congestion points were operated in such a manner as to create artificial scarcity of
power resources, allowing prices to skyrocket. A summary of historical State
deregulation efforts and Federal policy which provided room for this market
manipulation is included in Appendix B of this report.
By adopting the Market Redesign and Technology Upgrade (MRTU) in April 2009,
the California Independent System Operator (CAISO) has made significant changes
to the way that the State’s transmission grid is planned, operated, and priced.
These changes, however, do not guarantee that extensive market manipulation
could not occur again. Therefore, the risk of future market abuse, and the
associated price increases and volatility continues to exist within the State.
b) AB-32 – the California Global Warming Solutions Act of 2006

Table 4-1 California
Executive Order S-3-05
supports the AB-32 capand-trade goals. It also
establishes goals beyond
the present scope of AB-32
out to 2050. The 2020 goal
represents a 30% reduction
from projected levels. No
rules on implementation of
the 2050 goal have been
developed, but current
rules are being crafted with
this long-term goal in mind.

Under the current CARB
proposal, as the “first
deliverer” (i.e., importer) of
electricity, Metropolitan could
be required to buy
allowances to cover any
emissions associated with its
imported energy purchases.

Appendix B of this report includes a detailed analysis of regulations enacted in
California and expected to affect future electricity prices. Executive Order S-3-05
provided for a first-in-the-nation economy-wide plan to reduce California’s GHG
emissions to specific targets (Table 4-1).

Table 4-1 California GHG Emission Reduction Targets Established in California
Executive Order S-3-05
Target Date
2010
2020
2050

Emission Reduction Goal
2000 level
1990 level
80% below 1990 level

AB-32 was enacted to codify the goals in S-3-05. The cap-and-trade program was
developed to meet AB-32 goals. The cap-and-trade program will be implemented
in California in 2011, and enforceable in 2012. To simultaneously meet these
reduction goals and energy demand, continued investment in renewable energy
generation is occurring. The cost is currently passed to rate payers. Meeting cap
targets results in an additional cost tied to CO2e emissions from both in-state and
out-of-state power producers. Increased investment and costs tied to electricity
sector CO2e emissions may raise the price of electricity. In addition, under the
current CARB proposal (Appendix B), as the “first deliverer” (i.e., importer) of
electricity, Metropolitan could be required to buy allowances to cover any
emissions associated with its imported energy purchases. Metropolitan currently
imports a portion of its purchased wholesale electricity and electricity from Hoover
Dam. While dams with a capacity greater than 30 MW are not considered
renewable, they are generally perceived to emit little to no GHGs. However, the
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Intergovernmental Panel on Climate Change (IPCC) (2006; and references therein)
has identified methane, nitrous oxide, and other GHG emissions from the
decomposition of organic matter in artificial lakes and reservoirs behind dams.
Findings by the IPCC and others indicate that reservoir emissions can be significant,
but vary depending on latitude, climate region, and other factors. It appears that
any move to require allowances for hydropower-reservoir GHG emissions under
AB-32 or CARB cap-and-trade scoping rules could increase electricity prices and
overall costs for Metropolitan.
c) Renewable portfolio standards

Preamble

Meeting renewable portfolio standards will likely increase electricity prices.
California has also adopted RPS, which require that renewable sources (e.g., wind,
solar, geothermal) make up a target percent of retail energy supply mix. The
current requirement was set forth in Senate Bill 107 (SB-107) and requires InvestorOwned Utilities (IOU) to supply 20% of their retail energy from renewable sources
by 2010.In November 2008, Executive Order S-14-08 increased the target to 33% by
2020, including compliance by municipal and locally-owned utilities via oversight by
the California Energy Commission (CEC), and S-21-09 directed CARB to carry out the
new target. The scoping plan for AB-32, as set forth by the CARB to meet state
GHG reduction goals, also identifies a 33% RPS goal by 2020. To meet this goal,
additional investments will be required in energy generation and in transmission
lines. These investment costs will likely be passed on to the customer through
higher electricity prices.

Section 2

d) Federal regulations

To mitigate its exposure to
rising prices, self-generation
via renewable technologies
can be effective.
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A Federal cap-and-trade program could increase California’s electricity prices due
to three factors: add a carbon credit price to fuel costs, potentially regulate
reservoir GHG emissions, and increase natural gas prices nationwide.
In addition to existing State regulation, Federal regulations limiting GHG emissions
may soon be passed. Several bills have been introduced in the U.S. Congress over
the past few years. A summary of these bills can be found in Appendix B of this
report. One recent bill of note is the 2009 American Clean Energy and Security Act
(H.R. 2454 or Waxman-Markey). Another is the Clean Energy Jobs and American
Power Act introduced on September 30, 2009 by U.S. Senators Boxer and Kerry.
The latter in many ways mirrors the former; both set GHG reduction goals and capand-trade programs to achieve the reduction goals. Adoption of a Federal cap-andtrade program would carry many of the same affects as the AB-32 cap-and-trade
program. The nation currently relies heavily on coal for electricity. However,
Federal-level legislation would likely cause the U.S. power sector to shift away from
coal as the primary fuel for electricity, and use instead natural gas since coal has
roughly twice the CO2e intensity of natural gas. The possible pace of this shift and
the way this transition will unfold depends on many variables and remains unclear.
However, for some interim period the shift will almost certainly lead to a significant
increase in natural gas demand throughout the power sector. As demand for
natural gas from the rest of the nation grows, natural gas prices are expected to
increase. In addition, although Metropolitan does not provide retail energy supply,
it is not beyond the realm of possibilities that RPS standards would eventually be
directly applicable to Metropolitan as well.
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As mentioned above, the IPCC (2006; and references therein) has identified
methane, nitrous oxide, and other GHG emissions from the decomposition of
organic matter in artificial lakes and reservoirs behind dams. Findings by the IPCC
and others indicate that reservoir emissions can be significant, but vary depending
on latitude, climate region, and other factors. Current cap-and-trade proposals do
not include a provision for needing allowances to address reservoir GHG emissions
from large hydropower facilities. However, evaluation of the proposed WaxmanMarkey and Kerry-Boxer bills (EPA, 2009c and 2009d; H.R. 2454 and S. 1733,
respectively) indicates that neither bill explicitly excludes large hydropower
facilities from consideration in a Federal cap-and-trade program, as some previous
bills had done. Conversely, the Kerry-Boxer bill, as proposed, appears to leave open
the possibility that any volumetrically-significant reservoir methane could be
collected and used as an alternative fuel source, thereby entitling the collecting
entity rights to GHG emission avoidance credits. On balance, it appears that any
move to require allowances for hydropower-reservoir GHG emissions could
increase electricity prices and overall costs for Metropolitan.

2. Potential for self-generation
To mitigate a portion or all of its exposure to rising prices due to changing market
and regulatory conditions (e.g., RPS standards, AB-32, etc.) and ensure a constant
supply to meet demand needs, Metropolitan could engage in self-generation.
Metropolitan has the ability to self-generate electricity for the purposes of meeting
its electrical needs related to supplying water to its member agencies (see also
Appendix B). Renewable self-generation technologies that are nearing price parity
with retail electricity could be implemented effectively. Meeting facility demand
could be accomplished through combinations of methods such as behind-the-meter
generation, virtual net metering, net metering, entering into strategic partnerships
to receive renewable energy, and feed-in-tariffs (FIT) - all of which are subject to
regulatory restrictions. Currently available incentives can make some selfgeneration technologies viable and attractive. For example, Metropolitan qualifies
for California Solar Initiative (CSI) rebates that can reduce by up to 60% the cost of
installing a one-MW system per facility (see also Appendix B). While these
incentives may be attractive, some current renewable energy technologies cannot
constantly produce power (i.e., twenty-four hours a day, on and off-peak). Solar
and wind rely on intermittently available sun and wind. Both these and other
technologies can be expensive, and if operated by Metropolitan could require
additional management and maintenance. Section 6 of this report expands further
on these options and the near-term applicability of renewable power generation.

3. Internal policies and principles
Metropolitan’s Board has called for a reduction in Metropolitan’s carbon
footprint which would require significant investments in renewable energy
technologies.
In addition to economic concerns, Metropolitan’s mission statement directs it to
supply water in an environmentally responsible manner. In acknowledging
concerns over climate change and GHG emissions, attempts at fulfilling the mission
statement have emerged in several ways. At Metropolitan’s April 2007 Board
Retreat, the Board called for a reduction in carbon footprint and expressed desire
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to mitigate against risks associated with future carbon-related fees and regulations.
In response, staff developed the 2008 Energy Policy Principles and in early 2009,
the SPP was developed to assess options and establish priorities for energy
management and carbon reduction in the distribution system and CRA.
Development of the SPP resulted in a series of immediate to long-term goals
geared towards making the CRA and distribution operations carbon neutral by
2030. Some of these goals include:
•

Achieve by 2014 a 50% carbon reduction in Metropolitan’s
distribution system (retail energy facilities, including WTP’s, pumping
facilities and Union Station Headquarters [HQ]) via implementation of
renewable energy projects and retention of small hydroelectric
generation REC's.

•

Achieve by 2020 a 100% carbon reduction at all retail energy facilities
(including WTP’s, pumping facilities, and Union Station HQ), and a 50%
carbon reduction from non-hydroelectric energy use on the CRA
(wholesale energy facilities).

•

Achieve by 2030 a 100% carbon reduction at all retail energy facilities
(including WTP’s, pumping facilities and Union Station HQ and from
non-hydroelectric energy use on the CRA (wholesale energy facilities).
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The Board updated the focus of the SPP in late 2009 to managing energy
expenditure levels, mitigate volatility, and increase reliability. However, if
Metropolitan wishes to take the lead in sustainability and stewardship within the
water sector, an effective balance between cost reduction and investment in
environmentally friendly renewable generation must be reached.

4. Natural disaster – earthquake
Increasing self-generation capabilities and incorporating redundancy can provide
better management of power costs, and increase reliability after a major
earthquake.
Metropolitan’s water infrastructure and other infrastructure relied on to deliver
water (e.g., electricity) are vulnerable to disruption by movement along the San
Andreas Fault and at least one dozen active reverse and strike-slip faults west of
the San Andreas Fault (Figure 4-3). As discussed above, Metropolitan’s ability to
acquire, treat, and deliver water to customers relies on power provided by a web of
suppliers. A 2008 probability forecast indicates a 97% chance of a significant
earthquake (i.e., moment magnitude greater than 6.7; e.g., the 1994 Northridge
earthquake) occurring somewhere in the southern half of California within 30
years, and a 67% chance that this event will occur within the greater Los Angeles
basin area west of the San Andreas Fault (USGS, 2008). Statistically, an event this
size or larger will most likely occur on the southern San Andreas or San Jacinto Fault
systems, but could occur along almost any of the faults noted in Figure 4-3.
In 2008 the United States Geologic Survey (USGS) produced a report documenting
vulnerabilities to lifeline infrastructures crossing only the southern sections of the
San Andreas Fault (Jones, et al., 2008). Focusing only on damage resulting from a
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typical earthquake on these sections of the San Andreas Fault, the USGS found that
damage was likely at nearly 1,000 road crossings (e.g., major highways, secondary
and surface streets), 21 rail crossings, 32 aqueduct crossings, 39 oil and gas pipeline
crossings, and 141 locations where electric power transmission lines crossed the
fault (Jones, et al., 2008). Damage from a major earthquake on this fault would not
only compromise the immediate operability of the CRA system, but would hamper
the ability to reach, repair, and restore CRA operations in a timely manner.
Additional analysis documents a minimum of 65 instances where Metropolitanowned structures cross or parallel one of 13 “active” faults/fault zones (including
the San Andreas Fault, Figure 4-3). As the CRA system operation is partially-reliant
on the power infrastructure of others (e.g., SCE, WAPA), and these system
operations post-earthquake relies on the ability of these power providers to quickly
repair their systems. Increasing self-generation capabilities and incorporating
redundancy into the CRA-power system over the next 30 years could provide
Metropolitan with opportunities to better manage power costs, and at the same
time increase its independence and ability to more quickly restore CRA operations
in the event of a major earthquake.
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Metropolitan has proactively entered into contracts to reduce the overall cost of
wholesale electricity related to transporting water via the CRA. Metropolitan has
existing, advantageous contracts with USBR, WAPA, SCE, WSPP (formerly known as
the Western Systems Power Pool), DWR, and others. Two separate contracts
provide low-cost hydropower from Hoover Dam and Parker Dam. The SCE contract
allows a high degree of system integration and allows Metropolitan to bank excess
electricity with SCE. As a partner in the WSPP, Metropolitan is allowed to purchase
electricity from a range of power suppliers under mostly pre-approved contract
terms.
In 2008 Metropolitan spent $23 million on 1.9 million MWh for the CRA, treatment
plants, and other facilities, and effectively spent an additional $180 million for 2.57
million MWh’s on the SWP (Figure 4-1). The amount of electricity used is dictated
by the quantity of water pumped along the CRA and SWP and delivered to its
member agencies, while cost varies as a function of both the quantity of electricity
needed, time of use, and the contracts which provide for electricity. To understand
how electricity costs may change in the future it is important to understand
historical uses and costs to determine baseline operational conditions.
Metropolitan’s electricity profile contains two main components: wholesale (below
and at-market rates) and retail electricity. Wholesale electricity is used to meet the
CRA load, while retail electricity is used to meet all other loads associated with the
distribution system including treatment plants, buildings, and other facilities.
Recently, annual costs associated with retail electricity have been fairly small and
constant. Annual costs for wholesale electricity have varied widely since 1990 due
to a variety of factors including utilization of energy banking provisions and
increased volatility in the energy markets. Retail energy costs are higher than
wholesale energy costs. Concern for future costs also requires knowledge of
Metropolitan’s carbon footprint since the cap-and-trade program in California will
be enforceable in 2012 and will result in increased electricity prices.
While electricity consumption constitutes the majority of Metropolitan’s overall
energy profile, Metropolitan also generates electricity through a series of small
hydropower generating facilities spread throughout the distribution system (total
capacity of 123 MW), two solar power installations (total capacity of 1.5 MW) and
three natural gas-fueled micro-turbines (capacity of 30kW each) at Metropolitan’s
Union Station HQ. Generation from the solar facilities and micro-turbines is much
less than that from the small hydropower facilities. There are a total of sixteen
small hydroelectric plants which have produced roughly 350 gigawatt hours (GWh)
annually since 2000. The electricity from the small hydroelectric plants is sold at
wholesale rates and has provided roughly $20 million annually in revenue. This
revenue amounts to more than twice the annual retail electricity expenditures.
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1. Power Contracts
a) Large hydropower contracts
Hoover contract

Metropolitan’s current
contract for Hoover power
entitles it to 1,292 GWh of
electricity annually at a cost
of $15 to $20 per MWh, and
expires in 2017.

Metropolitan has a long-term contract with WAPA for the supply of hydropower
from Hoover Dam (Figure 3-1). The dam itself is operated by the USBR for the U.S.
Department of Energy (DOE) and hydropower is generated by the release of
Colorado River water stored in Lake Mead. This contract is set to expire in 2017
and is currently under review for renegotiation. Under the existing contract,
Metropolitan is annually entitled to 248 MW of contingent capacity and 1,292 GWh
of firm energy. Under current Lake Mead storage conditions, the capacity at the
Hoover power plant is de-rated, so Metropolitan is receiving less than the
contractual amount of capacity and energy. The cost of Hoover power is typically
between $0.015 and $0.02 per kWh ($15 to $20 per MWh), and is based on
covering operating costs and paying back capital costs invested by the U.S.
government. A discussion of expected future contract terms can be found in
Section 6.
Parker contract
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Metropolitan’s contract for
Parker power provides
greater than 200 GWh of
electricity annually, in
perpetuity, at a cost of $10 to
$20 per MWh.

The Parker Dam is owned and operated by the USBR (Figure 3-1). The dam itself is
operated by the USBR for the DOE and hydropower is generated by the release of
Colorado River water stored in Lake Havasu. The long-term contract with the USBR
entitles Metropolitan to 50% of the Parker hydropower plant capacity and energy
in perpetuity. Energy availability is contingent on the availability of Colorado River
water. Metropolitan is entitled to 60 MW of capacity and a total of 225 GWh per
year. Costs for Parker hydropower are based on dam operating expenses, which is
typically slightly less than the cost of Hoover hydropower because Metropolitan
contributed to the capital costs of the former.
b) Southern California Edison

Given the variability of CRA flows, and monthly allocations of Hoover and Parker
Metropolitan’s active contract power, Metropolitan’s contractual CRA power resources (i.e., available power) at
times exceeds system demand. However, on a yearly basis Metropolitan’s
with SCE contains several
hydropower resources are not sufficient to supply 100% of the power required to
provisions which ultimately
reduce the net cost of
deliver Metropolitan’s typical water allocation (i.e., 1.05 million acre-feet (maf)).
electricity to Metropolitan,
The nature of Metropolitan’s CRA operations historically resulted in a static energy
and expires in 2017.
requirement that could not utilize the flexibility offered by the hydropower
resources. SCE, however, could benefit from the hydropower flexibility. Therefore,
in 1987, Metropolitan entered into the Service and Interchange Agreement with
SCE, which allows each party to benefit from the capabilities and resources of the
other. This contract is set to expire in 2017.
The current SCE-MWD agreement is unique and in practice some sections have
been utilized while others have not. The most-utilized provisions of the contract
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concern “benefit energy” and “exchange energy” (Figure 4-4). Benefit energy is
free electricity provided to Metropolitan by SCE. This no-cost, off-peak electricity is
designed to equalize the benefits of the contract to both Metropolitan and SCE.
The annual quantity of benefit energy (minimum 200 GWh) is determined by a
formula contained in the current contract. The exchange energy provision allows
Metropolitan to bank excess electricity, with SCE, to be used at a later date within
the contract year (October 1st – September 30th).

Figure 4-4 Schematic
diagram showing the
functional aspects of the
current Metropolitan-SCE
power contract. The
agreement empowers SCE
to determine when water is
released from
Hoover/Parker to maximize
peak power generation,
keeping in mind what
Metropolitan’s water needs
are. This arrangement
allows previously
unleveraged flexibility of
the CRA system to be
utilized, and results in
lower-than-market price
sources of power for the
CRA system.

Functional Aspects of the Service and Interchange Agreement with SCE

Metropolitan CRA
Benefit
Energy
Purchase
Energy

Exchange
Energy

Energy (MWh)

SCE

Dollars ($)

In practice, SCE determines the actual timing of energy production from
Metropolitan’s Hoover and Parker resources. Metropolitan provides SCE with a
paper energy schedule showing how it would have utilized its Hoover and Parker
resources to meet CRA energy requirements. This schedule would typically show
energy used to first to meet on-peak demands, with the remainder of the energy
used to meet off-peak loads. Benefit energy meets off-peak loads. Any additional
energy demand is met with exchange energy or purchased wholesale energy which
is provided either through SCE or another wholesale provider. Figure 4- shows the
source and average split of power purchased to operate the CRA, but does not have
a special designation for the exchange energy.
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Typical Hourly Power Demand and Sources on the CRA

290

Demand (MW)

Figure 4-5 Energy demand vs.
the number of hours per
month during on- and offpeak periods. Representation
developed by Metropolitan
and presented to the Board in
2008. The majority of energy
used to power the CRA is from
Hoover Dam (blue).
Purchased power is minimized
each year, and benefit energy
is leveraged and banked to
keep power expenditures as
low as possible.
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Metropolitan is a member agency of the WSPP, formerly known as the Western
Systems Power Pool (the Western Systems Power Pool became WSPP, Inc. in 2006).
The WSPP allows Metropolitan to purchase wholesale electricity from a pool of
providers under general pre-agreed contract terms. The WSPP is comprised of over
300 public and investor-owned utilities, power marketers, and energy users in
North America, and allows for transactions between member agencies according to
a common contract to increase effi
efficiency
ciency in the bulk power market. Metropolitan
has utilized the WSPP to purchase energy to meet CRA load beyond the energy
already provided by Hoover, Parker, and SCE
SCE.. The price for this energy is driven by
market forces and is the most expensive source o
off power for the CRA. Any loss of
contractual Hoover, Parker, or SCE power would typically be made up via increased
WSPP purchases.

Banking power with DWR is
no longer possible today.

Metropolitan has an agreement with DWR which allowed for electricity banking of
excess CRA energy, but adoption of the MRTU overrode this contract function and
has adversely impacted Metropolitan’s ability to temporarily shift excess power to
Metropolitan’s benefit. Before adoption of the MRTU, Metropolitan’s Power
Coordination Agreement with DWR allowed Metropolitan to bank excess CRA
energy with DWR facilitating conservation of resources, efficient operations,
deferral of future construction by DWR, and options to purchase or sell lower cost
energy. Any energy that is banked with DWR had to be withdrawn by the end of
the contract year based on provisions similar to the exchange energy program
between Metropolitan and SCE. The ability to bank energy with both DWR and SCE
on different contract years allowed Metropolitan to minimize risks of aggressive
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speculating on energy price shifts. Since the contract is no longer functional, CRA
costs are expected to increase.
e) CAISO
Metropolitan is within CAISO’s jurisdiction and is impacted by the MRTU
structure introduced on April 1, 2009.
The CAISO is a not-for-profit public-benefit corporation which is charged with
operating the majority of California’s high-voltage wholesale power grid as of
March 31, 1998. As of April 1, 2009, the CAISO launched a new market structure
titled Market Redesign and Technology Update or MRTU. This new market
structure applies to all entities within CAISO jurisdiction.
The MRTU is intended to:
•
•
•
•

Enhance wholesale market efficiencies through use of a more accurate
grid model
Provide more transparent prices for the generation and delivery of energy
Enhance electric reliability by coordinating with the California Public
Utilities Commission’s (CPUC) Resource Adequacy program
Prevent market manipulation by market participants

Metropolitan’s transmission lines are within CAISO control area, however the lines
are not part of the control grid. Metropolitan maintains ownership and control of
its transmission lines. However, as part of the MRTU, SCE has turned over
contractual rights regarding their transmission lines to CAISO. Although
Metropolitan hopes to enter into a similar agreement with SCE (or another large
utility) to its existing supplemental energy contract when it expires in 2017, the
structure of the energy market in California, in particular as related to the MRTU, is
very different from what existed when the current contract was negotiated in the
mid 1980’s. This will result in a more complex, involved, and challenging effort
when negotiating a new contract.

2. Electricity Profile
Metropolitan’s electricity consumption profile consists of direct use along the CRA
and at retail facilities, and indirect use through purchasing water from the SWP
(DWR manages the SWP, and charges for delivered water are based on the cost of
electricity to transport the water to the delivery point, a surcharge imposed by a
bond, measure and payments to account for capital costs). Of the electricity
directly purchased by Metropolitan, wholesale electricity is used to meet the CRA
load. Retail electricity is used to meet all other distribution system needs. Other
distribution system needs include: water treatment plants, Union Station HQ, OC88 pump station, and Diamond Valley Lake (DVL) pumping facilities, reservoirs, and
other Metropolitan buildings (Figure 3-1).
a) Energy load profile
Metropolitan’s energy profile, both in terms of cost and usage, is dominated by
the SWP. This is followed by the CRA, and then retail use.
Metropolitan’s energy use profile is not evenly distributed between the various
system components. Energy use associated with the SWP accounted for 58% of

1/12/2010 Board Meeting
4-20 Page

9-2

Attachment 2, Page 64 of 288

Energy Management and Reliability Study

December 2009
Metropolitan Water District
of Southern California

total direct and indirect electricity use in 2008 (Figure 4-6a). Of the electricity that
Metropolitan pays directly for, 96% is wholesale electricity used to meet the CRA
load, while only 2% is utilized at the treatment plants and an additional 2% at other
retail facilities (Figure 4-6b).

Metropolitan Electricity Use Profile - 2008
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Figure 4-6 Breakdown of Metropolitan’s system-wide electricity use in 2008. Total 2008 consumption is 4.4 TWh (4.44
million MWh). Costs are shown in Figure 4-8. Values on all charts vary year-to-year as a function of water
demand/availability, and facility size (among other factors). (a) A sizable majority of the system-wide electricity use is on
the SWP. (b) The CRA system accounts for essentially all of the non-SWP costs. (c)(d) Retail pumping plants, hydro plants,
pressure control systems (PCS) and “other” facilities (e.g., Headquarters) account for about three-fourths of nontreatment plant consumption (i.e., “other”) category. See Figure 3-2 for locations of WTP’s. Figure based on internal
Metropolitan data.

The treatment plant component of electricity use (Figure 4-6c) is expected to
change in the near future. Both the Skinner and Weymouth WTPs are upgrading to
ozone disinfection (Skinner in 2009, Weymouth in 2014). Adoption of ozone
disinfection at both Jensen and Mills WTPs led to a near doubling of energy
consumption at each plant in 2006 and 2003, respectively. On this basis, it can be
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expected that the energy consumption at Skinner and Weymouth will almost
double with adoption of ozone disinfection. In the future, retail energy
consumption at Diemer will fall to zero MWh (net) annually as the treatment plant
will utilize the generation from the co-located Yorba Linda small hydroelectric
power generating facility (Figure 3-1). While still just a miniscule percent of overall
costs, the combination of load reduction at Diemer and expected increases at
Skinner and Weymouth will result in a slight overall net increase in retail energy
consumption at the five WTPs.
While CRA energy use constitutes a significant fraction of Metropolitan’s electricity
purchases, the actual CRA load varies with, and is dependent on, delivered water
volume (Figure 4-7). From 1990 to 2001 water deliveries were above 1.0 maf, and
CRA water deliveries and electricity load were highly correlated (Figure 4-7).
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Figure 4-7 Histogram showing yearly CRA electricity load by source, total energy cost (solid black line), and total water
volume (dashed red line). CRA delivery decrease in 2003-2008 is due to the passage of the 2003 Quantification Settlement
Agreement (QSA) between holders of Colorado River water rights, and resulted in a total annual loss to Metropolitan of
about 600,000 af. To make up for losses, Metropolitan has developed a number of supply programs and secured
additional water on the Colorado River. Deliveries in 2009 are expected to reach pre-2002 levels, and deliveries of 1.0-1.1
maf per year are expected moving forward. CRA water deliveries from 1990 – 2004 are from the Metropolitan 2005
Regional Urban Water Management Plan report. All other data based on internal Metropolitan data.
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Generally, it takes 2 MWh to
pump 1.0 acre-foot (af) on
the CRA.

Since water deliveries are expected to be above 1.0 maf in the future, electricity
needs along the CRA can be expected to be similar to periods with deliveries of that
magnitude. In years when CRA water deliveries exceeded 1.0 maf, electricity needs
ranged from 2.0 to 2.5 million MWh (Figure 4-7). Generally, it takes 2 MWh to
pump an acre-foot (af) on the CRA. Of this electricity, 50-70% is supplied by lowcost and low-GHG electricity from the Hoover and Parker dams. Free benefit
energy has supplied 8% -13% of the CRA load. The remaining demand has been
met with wholesale electricity purchased through SCE, WSPP, or other electricity
providers, or electricity that was banked with SCE earlier in the year (Figure 4-7).
The negative net value of exchange and purchased energy in 2003-2004 and 20062007 (Figure 4-7) indicates that energy demand was less than the sum of Hoover,
Parker, and benefit energy, and that the excess benefit energy was sold on the
wholesale market.

December 2009
Metropolitan Water District
of Southern California

A comparison of Figure 4-6 and Figure 4-8 illustrates that the energy use is not
directly proportional to cost; CRA load was 96% of direct energy consumption, but
only 74% of total costs. The price of Hoover and Parker power is low relative to
wholesale and retail market rates, and fairly constant. As discussed above, every
kWh of non-hydropower/non-benefit energy is at least three to four times the cost
of Hoover or Parker hydropower. This interaction is even more pronounced in the
retail sector where retail is six or more times more expensive than hydropower;
there only 4% of the total directly purchased electricity accounts for 26% of the
total costs (Figure 4-6b and Figure 4-8b).
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Cost of Metropolitan’s Electricity Profile – 2008

Figure 4-8 Details of Metropolitan’s system-wide electricity costs in 2008. Expenditures for 2008 total $212 million.
Values on all charts vary year-to-year as a function of water demand/availability, and facility size (among other factors).
(a) System-wide electricity costs are dominated by the SWP system. (b) The CRA system accounts for three-quarters of
the non-SWP costs. (c) The average cost for retail energy consumed at the treatment plants from 1997 to 2008 was
$95/MWh. In 2008 Weymouth is the costliest treatment plant, followed by Skinner, and these two plants together cost
more than the other three treatment facilities combined. While the energy consumption associated with all facilities is
now tracked, the cost of retail energy not utilized at the water treatment plants or at retail pumping facilities was not.
For purposes of this analysis, the cost associated with non-treatment plant retail energy is assumed to be the same as
treatment plant energy on a $/MWh basis ($95/MWh). (d) Retail pumping plants are the costliest component in the nontreatment plant (i.e., “other”) category. Figure based on internal Metropolitan data.
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While electricity consumption has varied between 1.6 million MWh and 2.6 million
MWh since 1990, costs have varied from $0.75 million to over $120 million, with an
exception of 2007 where sales of excess energy resulted in a net revenue of $2.5
million (Figure 4-9).
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Figure 4-9 The consumption of power per system component vs. the cost of power has not always tracked to
Metropolitan’s benefit. The $100-million spike in 2001 energy costs occurred during the CA energy crisis; prices exceeded
$300/MWh. The negative overall costs in 2003-2004 and 2006-2007 result from low demand due to low water supply
related to the QSA. Hydropower and benefit energy met the entire load, and Metropolitan was able to sell excess benefit
energy to generate enough revenue to cover the costs of the hydropower. Therefore, while CRA is now a minority driving
factor in total energy use relative to the SWP, any change in the cost or availability of energy from Hoover and Parker
would significantly drive up overall cost of Metropolitan’s electricity budget. Figure based on internal Metropolitan data.
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Section 8

The main component (95%) of Metropolitan’s carbon footprint is electricity use.
Metropolitan’s carbon footprint is a function of its energy use, and future
regulations aimed at reducing GHG’s are likely to increase energy costs. To assess
the exposure to potential GHG regulations, the carbon footprint each year since
2005 has been calculated (Figure 4-10), verified, and reported to the California
Climate Action Registry (CCAR) in accordance with the General Reporting protocols.
The carbon footprint for 1990, which is considered the base year for the State-wide
emissions target set by AB-32 regulations, was also calculated.

Conclusions and
Recommendations
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Annual Carbon Footprint
350
Tonnes CO2e (thousands)

Figure 4-10 Metropolitan’s
completed carbon
footprints for 2005-2008.
Metropolitan-controlled
facilities only; SWP-related
emissions not included in
reporting. Reduction of the
retail pumping component
emissions is due to
efficiency upgrades at the
OC-88 pumping plant and
cessation of pumping at DVL
(see Figure 3-2 for location).
Figure based on internal
Metropolitan data.
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Initial scoping plans indicate that there are two criteria for being subject to a capand-trade that could apply to Metropolitan: direct emissions of 25,000 tonnes
CO2e or greater from stationary sources, or the “first deliverer” of electricity.
Metropolitan’s direct emissions from stationary sources have been approximately
1,000 tonnes CO2e per year. This is less than the 25,000 tonne limit, therefore it is
unlikely that Metropolitan will be subject to cap-and-trade under the direct
stationary emission criteria. However, Metropolitan does purchase a large amount
of energy from outside California, and for electricity imported into California the
first deliverer is the importer. Therefore, Metropolitan may need to purchase
credits to cover emissions associated with imported electricity.
Direct emissions

Metropolitan’s direct emissions are typically due to its fleet operations and the
limited burning of natural gas or diesel fuel, and have been roughly constant over
the past four years. Direct emissions result from activities and/or sources that are
owned or controlled by an organization. For Metropolitan, this includes
combustion of natural gas, propane, and kerosene. Direct emissions are
responsible for only 3-5% of Metropolitan’s carbon footprint (Figure 4-10).
Indirect emissions

There are four main categories for indirect emissions: CRA, WTPs, retail pumping,
and other retail facilities (Figure 4-10). Despite being supplied predominately
through zero carbon emitting hydropower, indirect emissions related to the CRA
compose roughly 80% of Metropolitan’s carbon footprint (Figure 4-10). This
indicates that any changes to the carbon intensity of non-hydropower or in the
quantities of available hydropower will have significant impacts on Metropolitan’s
carbon footprint.
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While GHG emissions from 1990 provide the baseline for statewide emissions, they
do not provide the baseline for individual organizations. Currently, 2005 provides
the baseline for individual organizations. The cap-and-trade program under AB-32
will utilize 2005 baselines to set individual caps that then relate back to emission
levels from 1990. Therefore, while Metropolitan’s footprint has decreased
substantially from its 1990 level of 745,420 tonnes of CO2e, Metropolitan will only
receive credit for reductions since 2005.

3. Electricity generation
Metropolitan’s small hydropower facilities produce roughly $20 million annually
in revenue, which is more than Metropolitan’s net CRA pumping costs in seven
years since 1990.
In addition to electricity consumption, Metropolitan owns and operates sixteen
small hydropower facilities as a part of its distribution system. These facilities were
built to take advantage of existing resources and all currently have capacities under
30 MW, which qualifies them as renewable resources under current California law.
Since the facilities are considered renewable, they generate RECs, in addition to
electricity, which can be sold to utilities to meet RPS standards (Appendix B).
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Since 1991, cumulative production at all small hydropower generating facilities has
ranged from 215 GWh to 490 GWh (Figure 4-11). This production is sold at
wholesale under contracts to various agencies, while energy from DVL is sold on
the open wholesale market (Table 4-2). Current law does not allow Metropolitan
to virtual net meter or wheel the electricity generated at small hydropower
facilities to distant treatment plants. If this was possible, the hydroelectric plants
would be more than sufficient to offset Metropolitan’s total retail electricity
consumption.

1/12/2010 Board Meeting
4-27 Page

9-2
Energy Management and Reliability Study

Attachment 2, Page 71 of 288
December 2009
Metropolitan Water District
of Southern California

600

30

500

25

400

20

Phase II - IV

300

15

Phase I

200

10

$ (in Millions)

MWh (in Thousands)

Historical Generation and Revenue from Small Hydropower Facilities

DVL
Etiwanda

100

5

0

0

Total Revenue

Year
Figure 4-11 Histogram plot showing the cumulative electricity generated at Metropolitan-operated hydropower plants, and
net revenues from hydroelectric sales (solid black line). Sub-30 MW facilities constructed in groups (phases) and grouped
here by existing contract relationship; see Figure 3-2 and Table 4-2 for locations and contract party. Diamond Valley Lake
(DVL) station had an initial nameplate capacity of 39 MW, but in October 2009 was de-rated to 29 MW to conform to CA
small-hydro standards. Production since 1991 is typically greater than the energy consumption at all retail facilities,
including treatment plants (cf. Figure 4-7). However, because current law does not allow Metropolitan to wheel electricity
generated at its small hydro facilities to its distant treatment plants, a majority of the small hydro electricity is sold to
outside parties. Current law also prevents virtual net metering to effectively apply small hydro generation to treatment
plant consumption. Figure based on internal Metropolitan data.
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Table 4-2 Small Hydropower Facilities
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Foothill Feeder
Greg Avenue
Lake Mathews

Operating
Capacity
(MW)
9
1
5

Earliest
Term
Date
2018
2018
2018

2

DWR
DWR
LADWP
Open
PG&E
SCE

San Dimas
Yorba Linda
Sepulveda Canyon
Wadsworth/DVL
Etiwanda
Venice

10
5
9
21
24
10

2018
2018
2023
NA
2014
2023

10
11
12
13
14
15

2
2
4
3
3
3

SCE
SCE
SCE
SCPPA
SCPPA
SCPPA

Temescal
Corona
Red Mountain
Coyote Creek
Lake Perris
Rio Hondo

3
3
6
3
8
2

2023
2023
2023
2023
2023
2023

16

4

SCPPA

Valley View

4
123

2023

No.

Phase
No.

1
2
3

1
1
1

4
5
6
7
8
9

1
1
2

2009
Contract
Group
DWR
DWR
DWR

Hydropower Plants

Total
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Table 4-2 List of Metropolitan-owned and operated small hydropower facilities, nameplate capacity, and power
contract data. The Etiwanda Plant contract requires a six-month termination notice after 2014. The DWR contract
expires in 2019 and requires a 10-year termination notice. Phase II-IV small hydro facilities under contract with SCPPA,
LADWP, and SCE expire in 2013 or 2023, but can terminate with two-year notice after the first three years of the
contract.
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The REC’s associated with the small hydropower generation are not handled in a
uniform way. Some of the RECs are incorporated into the price received for the
electricity while others are unavailable to either Metropolitan or the buyer due to
contractual restrictions. Prior to reducing the capacity of DVL below 30 MW, RECs
associated with DVL generation were sold as non-California certified renewable.
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The revenue generated from the sale of electricity and RECs has been hovering
around $20 million per year since 2000 (Figure 4-11). This represents a significant
source of revenue. Since 1990 there has been seven years in which the revenues
from the small hydropower facilities was greater than total costs associated with
the CRA. Even during the height of the 2001 California energy crisis, when CRA
costs spiked to $128 million, small hydropower revenues covered 13% of the cost.
In typical years, small hydropower revenue can cover almost one-half (or 50%) of
the electricity costs associated with operating the CRA.
It should be noted that revenue from the Yorba Linda power plant will decline in
the future. Despite being located on the same property, the Yorba Linda power
plant and the Diemer WTP have been operated on separate meters. This is
currently in the process of being changed, and in the future, energy from Yorba
Linda will be first used to meet retail load at the Diemer WTP. Any excess
electricity will then be sold at wholesale rates.

D. Regulations
Pertaining to
Metropolitan’s
Ability to Produce
and Sell Power

In the face of rising electricity costs, Metropolitan could explore the feasibility of
increasing its electricity producing capabilities to mitigate its exposure to rising
market prices at both the retail and wholesale level. However, there are many
current, pending, and anticipated regulations that constrain Metropolitan’s ability
to engage in self generation. Metropolitan’s legal department keeps abreast of
these regulations and evaluates the potential impact on Metropolitan. Evaluations
of regulations pertaining to Metropolitan’s ability to produce and sell power were
provided by Metropolitan’s legal department (Table 4-3). More thorough details
are provided in Appendix B.

Table 4-3 Regulations Concerning Metropolitan’s Ability to
Generate and Sell Power
Regulation

Status

General Description

AB-1969

Current Law

Directed the CPUC to develop feed-in-tariffs at
publicly-owned water and wastewater treatment
facilities within the service territories of the
CPUC-regulated IOUs

SB-380

Current Law

Increased cap on feed-in-tariff program to 1.5
MW and made it applicable to all renewable
energy generators

AB-2466

Current Law

Allowed 1 MW of virtual net metering

1932 Act

Current Law

Impose limitations on Metropolitan’s use of
federally-acquired property

AB-58

Current Law

Established a net metering cap of one-half of one
percent of a utility’s total aggregate peak
demand. Individual limit of 1 MW per facility.
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Metropolitan was created by an act of the California Legislature and is a limitedpurpose municipal corporation that serves no retail customers and whose primary
purpose is to supply water to its member agencies. This act is known as the
Metropolitan Water District Act (“MWD Act”) and refers to Metropolitan as District
in the MWD Act (Act). In 1978, the Legislature explicitly authorized Metropolitan to
generate power for its water supply purposes. In the 1978 revisions to the Act, the
Legislature also specifically empowered Metropolitan to engage in energy
transactions with third parties, with certain limitations. Based on the language of
the Act, the 1978 revisions, and historic practices and policies of the District, it is
clear that self-generation is fully consistent with the Act itself if the generation is
used to meet Metropolitan’s load either at the retail or wholesale level.

1. Retail self-generation
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For retail electricity load needs, Metropolitan can engage in renewable generation
to directly offset facility electricity costs. Three programs control Metropolitan’s
ability to generate and sell excess renewable generation: net metering, the feed-intariff (FIT), and virtual net metering. Net-metering allows self-generation
customers to sell excess power to a local power utility provider. The customer is
compensated with a bill credit, but cannot receive payment for the excess
generation. A FIT allows customers to sell all of their generation to the local power
utility at a fixed rate. The customer receives payment from the utility for its
generation at an established rate, and pays for its electricity usage at a lower rate.
Both net-metering and FIT programs apply the credit or sale to the location at
which the customer generates the renewable energy. Virtual net metering, by
contrast, is a mix of the two programs. It provides a credit for excess generation at
one location within the host utility’s service area, and permits the use of that credit
at another location within that service area. Use of these programs would be
strictly compliant with the Act, since they primarily involve energy procurement for
the purpose of developing, storing, and/or transporting water. However, all three
of these programs have relatively low capacity limits: 1.5 MW per facility for FIT’s,
and 1 MW per facility for both net metering and virtual net metering and the
ownership of REC’s varies according to program. While Metropolitan could
construct facilities larger than these limits, any excess electricity generated from
the larger facilities would be lost under existing rules.

2. Wholesale self-generation
a) Self-generation for Metropolitan use and generating revenue
In regards to wholesale electricity, Metropolitan could construct independent,
renewable resource generation on District-owned lands or elsewhere. Electricity
generated from these facilities would provide electric energy for the operation of
the CRA. Excess electricity could be sold at wholesale rates, but Metropolitan could
not build generation solely for revenue because of a variety of constraints. The
core problem with any procurement strategy undertaken primarily, if not solely, for
the purpose of generating revenues is the likely conflict with the Act. Under the
Act, the District may construct electric generating facilities, as it has done with a
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number of small hydroelectric energy projects, if the construction is “necessary or
convenient to carry out the objects or purpose of the district.” Profit-making has
never been deemed an object or purpose of the District under the Act, and Section
139 explicitly limits the construction of generation to the narrow purposes of the
Act.
If the District sought to use its own property for the sole purpose of constructing
for-profit electric energy generation, there would be additional legal barriers. The
Act of June 18, 1932 (1932 Act) was a grant of federal lands by Congress to
Metropolitan for the purpose of constructing the CRA. The 1932 Act includes the
following reversion clause: “On the cessation of use of the land granted for the
purposes of the grant the estate of the grantee or of its assigns shall terminate and
revest in the United States.” The 1932 Act lands were granted to Metropolitan for
the purposes of the development, storage, and delivery of Colorado River water.
Constructing a for-profit generation facility creates the risk that the United States
will invoke its reversionary rights. While leasing District-owned property to a
commercial generator would be less likely to violate the Act and/or trigger the
reversionary clause, it would still be difficult to justify as “necessary or convenient
to carry out the objects or purposes of the District.”
In addition, several legal limitations apply to Metropolitan in leasing lands for
construction of alternative energy facilities, in particular as they relate to revenue
generation solely (see Appendix B). However, there are limited instances where
revenue streams from alternative energy facilities could apply. In particular,
Metropolitan owns more than 147,500 acres of real property throughout Southern
California, much of it used for various operational purposes. Over time, as
operational activities change, the need for these properties may be revised an on
occasion, certain parcels identified as excess to Metropolitan’s current operational
needs. These properties could be used for alternative energy facilities where the
property will be used for other Metropolitan operational purposes in the future.
These types of properties could be developed for alternative energy facilities using
the following four core principles:
1.

In order to be eligible for leasing to provide an alternative energy facility
revenue stream, lands must be (a) owned by Metropolitan in fee, (b) be
needed by Metropolitan for some defined future use, (c) excess to
Metropolitan’s current operations, and (d) consistent with future
operational needs for Metropolitan as a whole.

2.

Lands may be leased to private sector developers for the purpose
of designing, financing, building, and operating solar or other renewable
energy facilities and selling the power at wholesale to Metropolitan or
other utilities as appropriate. It should be noted that the wholesale
energy purchaser(s) would likely retain all environmental attributes
associated with the energy.

3.

Revenue would be realized via physical ground rent as well as potentially a
small energy royalty, the sum of which would potentially offset overall
Metropolitan operational costs. Projected revenue for a 40 MW facility is
estimated to be $400,000 to $750,000 annually in 2009 dollars.
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In order to assist with its long-term energy stability, Metropolitan must be
granted a right of first refusal to purchase any generation facilities located
on its land, prior to those facilities being scrapped or sold to a third party.

b) Serve customers at retail
Another strategy to generate revenue using Metropolitan’s energy resources is to
serve retail electric customers within those member agency areas in which
Metropolitan owns (or could construct) generation, transmission and distribution
facilities. As with the strategy of constructing generation for profit, this strategy
would encounter numerous legal and regulatory barriers and/or prohibitions. The
core problem of the serving-customers-at-retail strategy is the same problem
encountered with the building-and-selling-generation-for-profit strategy, that it is
inconsistent with the MWD Act itself. A further legal impediment to Metropolitan’s
ability to serve electricity customers at retail is the current suspension of
California’s “direct access” legislation. Direct access allows third parties to sell
energy directly to retail customers of IOUs. Until the ban on direct access is lifted,
Metropolitan has no legal authority to serve retail customers in SCE’s service area.
In addition, a decision to serve electric customers at retail would almost certainly
subject Metropolitan to State and Federal GHG emissions and RPS requirements,
and all related requirements and costs.
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Section 5

Future
Market and
Regulation
Conditions
A. Section Summary

Based on historical trending alone, and discounting new external factors, projected
wholesale 2040 electricity prices in California will double current prices. To provide
insight into future energy pricing trends and rates of change, historical trends were
analyzed to develop forecast projections that rely on multiple factors and
assumptions. Major methodologies used include the analysis of historical data,
trending anomaly intervals and volatility, and the modeling of planned projects and
regulations to gauge their potential economic effects. The following is a summary
of factors deemed most likely to exert an upward effect on energy prices and alter
st
energy markets through the first half of the 21 century:
1.
2.
3.

4.
5.
6.
7.
8.
9.

B. Energy Cost
Forecasts

Increased market volatility and overall price of fossil fuels
Population growth rates throughout the desert southwest will increase
demands on energy producers and fuel providers
In-state and out-of-state hydropower generation shortfalls in areas where
average streamflows/inflows are reduced and/or reallocated to meet
population demand
Pass-through costs for needed transmission and metering upgrades
Carbon pricing (either in the form of a tax or cap-and-trade scheme) on
non-renewable energy generation
The potential regulation of reservoir GHG’s could increase the price of
ultra-low-cost hydropower
Changes to long-term climate and unprecedented short-term weather
pattern deviations from normal
Average Colorado River flow is lower than assumed and may fall 10-20%
during the 21st century due to changes in aridity and precipitation patterns
Conditions that define drought in the Colorado River Basin are inexact, but
droughts as historically defined are reasonably possible with or without
climate change

Expect power price growth, volatility, and hydropower shortfalls in the future.

Between 2009 and 2040 a range of commodity (e.g., fuel costs) and noncommodity (e.g., Metropolitan power contracts, regulatory, climate change) factors
will likely lead to overall increases in electricity prices, potential increases in the
frequency and amplitude of short-term prices and volatility, and threaten the
availability of historically low-cost hydro-generated power for CRA use. Electricity
prices are expected to increase due to both supply and demand interactions and
regulatory changes. Increased volatility is expected to persist due to regulations
and climate change impacts. Climate change and the expiration of current
contracts are expected to threaten Metropolitan’s historic levels of low-cost hydrogenerated power for CRA use.
Metropolitan‘s overall budget and relatively low per acre-foot delivery cost
structure for CRA operations rely on the availability of below-market-rate
electricity. Historical price trends for electricity and power plant fuel sources, as
well as historical costs associated with CRA operations are presented in Section 4.
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Moving forward in this analysis, the focus will now turn to forces internal and
external to the California electricity market to project electricity price trends to
2040, and evaluate factors and risks that may obliquely affect California electricity
markets and prices. The leverage exerted by traditional market-based factors on
electricity prices (i.e., fuel costs, regulatory effects, etc.) are examined at the State
level in all cases and at the Federal level where relevant and insightful.

1. Forecast projection methodology
EIA data is the primary source for comprehensive long-term future power market
data.
State-specific market projections are numerous, generally not comparable due to
inconsistent assumptions and methodology, and rarely project beyond 2020; on
this basis, and specifically to evaluate future prices of electricity and power plant
fuels, national-level data from the EIA are used herein. The most recent EIA
national price projections span 2009 to 2030 (EIA, 2009b). Expansion of these data
to 2040 assumes that EIA economic model projections apply beyond 2030, but for
all 2030-2040 extensions the EIA’s projected data between 2009 and 2013 is
excluded. The basis for this exclusion is that market perturbations associated with
the ongoing global economic downturn and recovery are assumed to fully stabilize
by 2013 (see also Appendix G).
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State-level retail (industrial) electricity price projections to 2040 are achieved by: 1)
taking EIA national data and expanding out to 2040; 2) comparing historical State
and Federal data for a given item (e.g., natural gas price) to establish the running
average difference between the two historical data sets; and 3) applying the
historical difference forward from 2009 to yield California-specific projections to
2040. A full interpretive discussion of projections, modeling methods and
assumptions, and additional details are provided in Appendices A and G.

2. National electric power sector prices and market drivers
California imports electricity to supplement power production within the State.
State-imported power accounts for approximately 32% of its power annual
resources (CAISO, 2009). Additionally, the distribution of national population
growth will have impacts on future California energy pricing as it is expected to
create new demand and drive up pricing for natural gas, a resource on which the
California power sector is heavily dependent. Also, given the fact that so much
power is imported into California, costs associated with transmission could also
have an impact on future prices.

Forecast Scenarios
Section 8
Conclusions and
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a) U.S. coal price forecast
Future coal prices include a $15/tonne carbon tax and are on the rise.
U.S. coal production is projected to grow 0.6% per year, and nominal coal prices to
the electrical power sector are projected to linearly increase approximately 41%
and reach $68/short ton (ston) in 2040 (See Figure 5-1). As discussed in Appendix
A, as of 2008 coal fuel provides nearly 50% of the electricity produced in the U.S.
and nearly all coal mined in the U.S. is consumed by the power sector (EIA, 2008).
Coal is very abundant in the U.S., and there is little concern that availability issues
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will lead to cost increases before 2040. Therefore, price increases are likely to
originate from costs related to the environmental impact and transportation of
coal. Factors that could drive prices higher than model projections are stringent
environmental regulation, penalties and costs associated with environmental
legacy issues, increased transport costs, and high global demand. The primary
factor that could drive future coal prices downward is a drop in U.S. demand
sparked by emission regulations. If this were to occur, it is likely that generation
plants would quickly move to natural gas as a bridge fuel source, and result in
decreases in coal demand.
The Annual Energy Outlook (AEO) 2009 base reference case assumes that
atmospheric CO2 emissions will be regulated by 2030 (EIA, 2009b). In response it is
assumed that new emission control methods (e.g., sequestration, “clean coal”) will
be developed, although significant technological and market barriers exist at this
time. EIA price projections assume that these technologies will be incorporated
and thus include a three percentage point increase in the capital costs associated
with the construction of coal-fired power and coal-to-liquid plants. These
associated costs amount to an equivalent $15/tonne CO2 charge realized through
higher electricity costs, are built into the EIA projections of electricity prices (EIA,
2009c), and thus explicitly embedded in the first three model scenarios outlined in
Section 7.
b) U.S. natural gas price forecast
Future natural gas prices including $15/tonne carbon are on the rise.
U.S. average natural gas prices are projected to increase 118% over the next 30
years due to increased demand within the power sector and likely carbon pricing
effects (Figure 5-1). Historical natural gas usage and prices are discussed in
Appendix A. Natural gas is the second most commonly used fossil fuel in the U.S.
electricity generation sector and most directly tracks electricity generation prices
out to 2040. Over the next 30 years a majority of the new generation capacity (in
MW) added in the U.S. will likely be gas-fired and will act to increase gas demand
and prices. Similarly, although production capacity and delivery infrastructure are
expected to expand during the next 30 years, anticipated heavy regulation of coalfired plant emissions will also cause above-background long-term upward shifts in
gas prices (see additional discussion in Appendix A). These factors will likely place
upward pressure on U.S. electricity prices.
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U.S. Historical and Projected Bituminous Coal and Natural Gas Prices
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Figure 5-1 U.S. historical and projected bituminous coal (1950-2040; per short ton) and “industrial” natural gas
(1967-2040; per thousand cubic feet) prices. Data discussed in more detail in Appendix A. Price data from EIA,
2009b; EIA, 2009e; EIA, 2009f; see Appendix G for references and figure assumptions. All price data reported in
U.S. dollars ($).
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While a number of positive supply factors (detailed in Appendix A) will tend to
moderate the demand-driven factors outlined above, natural gas price increases
predicted before 2040 will be a major factor driving U.S. electricity price increases.
Additional infrastructure capacity (EIA, 2009b) and improved extraction methods
(RAND, 2005) are among the factors that will act to moderate future demand
pressures and resulting U.S. natural gas prices, especially if carbon pricing makes
coal a less desirable fuel. While overall natural gas demand and prices will increase
between 2009 and 2040, on balance we believe that supply increases will largely
minimize future demand increases in the U.S. electric sector and keep price
increases moderate through 2040 if coal prices remain low and carbon unregulated.

Section 7
Forecast Scenarios

c) U.S. retail electricity price forecast

Section 8

Market forces, carbon pricing, and rising coal and natural gas prices are forcing up
energy prices.
U.S. electricity price is closely tied to the price of natural gas and coal, which are
projected to increase 118% and 170% (respectively) by 2040 (Figure 5-1). While
projected U.S. retail electricity prices have declined due to the current economic
slowdown, projections indicate that prices rebound after 2010 and increase 100%
to approximately $0.13/kWh in 2040 (Figure 5-2). U.S. average electricity prices
have, since the early 1970’s, tended to track coal price fluctuations. Due to distinct
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Recommendations
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differences between the electricity and coal markets (regulated versus unregulated
and local versus regional/national, respectively) the tracking is not ideal, but
electricity prices do drift up as coal and gas prices increase (Figure 5-1 and 5-2).

U.S. Historical and Projected Price of Retail Electricity
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Figure 5-2 U.S. historical
and projected price of
industrial class retail
electricity from 1960-2040.
Price data from EIA, (2009b,
2009e); see Appendix G for
references and figure
assumptions. EIA’s
assumptions include
increased capital costs for
new and retrofit facilities
equal to $15/tonne CO2e.

0

Year

3. California electricity price forecast
The California average projected 2040 retail electricity prices will double the 2008
price.
Historical California, U.S., and EIA-projected U.S. electricity price data are
considered and used to derive a projection showing California retail electricity
prices increasing through 2040. As discussed in the previous section, average U.S.
retail electricity price is projected to increase approximately 100% between 2008
and 2040 (EIA, 2009b). However, California-specific 30-year forward electricity
price projections required to evaluate and manage energy needs have heretofore
been unavailable. To establish a baseline reference price case, both historical and
EIA AEO 2009 projected electricity price data sets are considered. A full discussion
of the modeling approach and assumptions used to derive this California-specific
projection is provided in Appendix A.
Assuming that 30-year historical price data and prevailing market conditions
continue, conservative forward-modeled projections yield an average 2040
California retail electricity price of $0.203/kWh (+0.026/-0.018) – slightly more than
double the 2008 price. As shown in Figure 5-3, the average electricity price for
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California retail customers is projected to increase 114% from $0.095/kWh in 2008
to $0.203/kWh in 2040 – a simple average increase of approximately 4% per year.

U.S. and California Historical and Projected Price of Retail Electricity
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Figure 5-3 Industrial class retail electricity prices (1970 to 2040) for California (blue line, triangle) and the U.S. (solid
red line). Shaded areas show the average (light) and maximum/minimum (dark) ranges of price volatility. If typical
average yearly price fluctuations present in the historical California data are predictive, then retail prices in California
should be expected in any given year to range (light shading) from $0.008/kWh below to $0.011/kWh above the
projected price average. If historical yearly maximum/minimum price fluctuations are considered (dark shading), then
prices in a given future year could be $0.019/kWh below to $0.026/kWh above the projected price average;
differences of -9.4% and +12.8%, respectively. Price data from EIA (2009b, 2009e, 2009j, 2009k); see Appendix G for
references and figure assumptions. See Appendix A for a full discussion of projected California retail electricity prices.
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Historical data on wholesale electricity prices is sparse so adjustments to retail
electricity projections were made in order to estimate future wholesale electricity
prices. EIA wholesale data is only available by NERC region from 2001-2008. The
EIA also provides Intercontinental Exchange peak pricing data for nine hubs from
2001-2008. Based on analysis of these sources, a differential between retail
electricity and off-peak wholesale electricity of $0.055/kWh was assumed
(Appendix G), and a differential between retail electricity and on-peak wholesale
electricity of $0.03/kWh was assumed (Appendix G).
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Figure 5-4 Projected
California average market
price of both off-peak
(solid) and on-peak (plus)
wholesale electricity. Offpeak projection based on
California retail electricity
(Figure 5-3) with an
estimated differential
between retail and offpeak wholesale electricity
from Western Electricity
Coordinating Council
(WECC) region. On-peak
projection based on
California retail electricity
(Figure 5-1) with an
estimated differential
between retail and onpeak wholesale electricity
from the SP-15 (a
wholesale electricity
trading hub in California).
Price data from EIA,
2009b; EIA, 2009e; EIA,
2009j; EIA, 2009k; EIA,
2009p; EIA, 2009q; see
Appendix G for full
discussion of figure
assumptions.

Attachment 2, Page 83 of 288

Energy Management and Reliability Study

December 2009
Metropolitan Water District
of Southern California

California Projected Average Market Price of Wholesale Electricity
20
Average On-Peak Price
15
cents/kWh

5-7 Page

9-2

Average Off-Peak Price

10
5
0

Year

It should be noted that the average wholesale price of electricity expected to be
seen by Metropolitan in 2010 is approximately $0.04/kWh, which is lower than the
average market off-peak price in 2010 of $0.056/kWh. The additional differential is
due to Metropolitan’s ability to purchase off-peak power during winter months and
bank the electricity with SCE using the Service and Interchange Agreement for
future use. Since winter off-peak prices are lower than summer off-peak prices,
Metropolitan’s realized cost for purchased wholesale power is lower than average
market off-peak prices would indicate. If the Service and Interchange Agreement
cannot be renewed or is not renewed with a banking provision, Metropolitan could
expect the average market price off-peak purchased power to reflect the off-peak
prices in Figure 5-4.

4. Non-fuel factors likely to affect future electricity cost
a) Significant carbon prices
Projections for future carbon emission credit prices vary considerably. An
assessment of the Climate Stewardship Act of 2003 concluded that carbon
emissions could be at $22 per tonne in 2010 and $60 per tonne in 2025, assuming
adoption of a cap-and-trade program in 2010 (EIA, 2003). An assessment of the
Waxman-Markey bill concluded that carbon emissions credits could be $48-61 per
tonne by 2020 and $123-159 per tonne by 2030 (ACCF, 2009).
To assess the effects of high carbon prices over time, the line resulting from the
linear regression of the values determined in the Climate Stewardship Act of 2003
($22/tonne in 2010 and $60/tonne in 2025; EIA, 2003; EIA, 2004) is used to
extrapolate carbon emission credits beyond 2025 and interpolate between 2010
and 2025. The resulting line is shifted upward by $20/tonne due to the stricter
goals set forth in AB-32 (1990 levels by 2020 versus 2000 levels by 2025)
(Figure 5-5).
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Figure 5-5 To assess the
effects of high carbon
prices over time, the line
resulting from the linear
regression of the values
determined in the Climate
Stewardship Act of 2003
($22/tonne in 2010 and
$60/tonne in 2025, EIA,
2003) is used to
extrapolate carbon
emission credits beyond
2025 and interpolate
between 2010 and 2025.
The resulting line is shifted
upward by $20/tonne due
to the stricter goals set
forth in AB-32 (1990 levels
by 2020 versus 2000 levels
by 2025). Price data from
EIA, 2003; see Appendix G
for references and figure
assumptions.
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Assessment of the Climate Stewardship Act of 2003(EIA, 2003) also estimates
carbon price impact on electricity cost and concludes that at $60/tonne CO2e,
average electricity prices increase $0.03/kWh across the United States. This value
reflects the current mix of fuels. States that rely on carbon intensive fuels will see
higher electricity price impacts while states with a higher percentage of low-carbon
or carbon-free electricity will see lower electricity price impacts. California relies
heavily on natural gas for electricity while most other states rely on coal. Electricity
generation from natural gas results in roughly one-half of the CO2e emissions as
coal. Thus, the impact of $60/tonne CO2e in California will be less than the U.S.
average. The impact of high carbon prices ($40/tonne or more) on electricity prices
is not included in the price projections in Figure 5-3, however the impact of low
carbon prices ($15/tonne assumed in EIA’s AEO 2009 scenario) is included. Since
carbon prices would affect the variable cost of producing electricity, both
wholesale and retail electricity prices can be expected to increase under high
carbon prices in excess of the increases seen in Figures 5-3 and 5-4.
b) Renewable portfolio standards
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20% by 2010

California established a renewable portfolio standard through SB-1078 (2002)
requiring IOU’s and other CPUC-regulated entities to supply 20% of their retail
energy from renewable sources by 2017. This goal was accelerated to 20% by 2010
under SB-107 (2006), however only the cost impacts from the original goal are
included in the projections in Figure 5-3.
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33% by 2020

In September 2009, the Governor signed Executive Order S-21-09 which increased
the target for the renewable energy content of retail energy sales from all electric
utilities (including Local Publicly Owned Electric Utilities [LPOEUs]) to 33% by 2020.
According to a CPUC report (Gillette, et al., 2009), California lawmakers are
currently developing legislation to enact the target set forth in Executive Order S21-09. Looking at transmission and capital costs for generating facilities, the CPUC
concluded that in 2020, the total statewide electricity expenditures of achieving a
33% RPS level would be 7.1% higher compared to 20% RPS standard and 10.2%
higher than if all additional generation were met with gas-fired plants (Gillette, et
al., 2009). Since the RPS requirements apply to retail electricity, the cost impact of
increasing RPS requirements is expected to impact only retail electricity. Any
increase in retail electricity prices due to RPS requirements would be in addition to
increases seen in Figure 5-3.
c) Smart grid – new costs for transmission and distribution upgrades
Transmission and metering upgrades are needed and it will affect the cost of
electricity.
Over the past 30 years there has been chronic underinvestment in the nation’s
electricity grid, where the demand for energy has outstripped transmission
investment by 25% per year since 1982 and the average substation transformer is
two years older than its expected lifetime (Litos Strategic Communications, 2009).
This has led to an increase in frequency of blackouts. In addition, spending on
research and development is the lowest of all industries (Litos Strategic
Communications, 2009). The current grid does not incorporate newer technologies
that would increase peak shaving, increase transmission efficiency, and otherwise
transform the price and management structure of the electricity industry. If this
disparity continues, the limitations of the Nation’s current grid system may be
reached.
The components that constitute a smart grid are not concretely defined. Smart
grid definitions are general, including requirements such as the definitions set out
by Title XIII of the Energy Independence and Security Act of 2007 which include:
1.
2.

3.

Dynamic optimization of grid operations and resources, with full cybersecurity
Deployment of “smart” technologies (real-time, automated, interactive
technologies that optimize the physical operation of appliances and
consumer devices)
Deployment and integration of advanced electricity storage and peakshaving technologies

Recognizing the need for increased investment and the incorporation of new
technologies, the U.S. Department of Energy codified specific regulation regarding
research, development, and demonstration projects for smart grid technologies in
the Energy Independence and Security Act of 2007. In addition, regulators from the
National Association of Regulatory Utility Commissioners and Federal Energy
Regulatory Commission (FERC) are exploring incentivizing adoption of smart grid
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technologies. Provisions were made in the American Recovery and Reinvestment
Act of 2009 to spend billions of dollars on smart grid technology. Through these
and other programs, momentum is building for significant investment in smart grid
technologies and applications.

5. Energy-water demand nexus
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CRA operations are electricity-intensive and rely on very low-cost power from dams
fueled by water flowing along the Colorado River. Water from the Colorado River is
simultaneously the product Metropolitan delivers to its customers and the fuel
used to produce the low-cost hydropower. If future economic growth outstrips
efficiency gains, overall consumptive water use will increase. Metropolitan’s water
demands are expected to increase by 25% from 2005 to 2030 (Metropolitan, 2005).
CRA conveyance capacity is currently limited to 1.3 maf of water per year.
Therefore, energy demand associated with CRA pumping is capped at
approximately 300 MW with existing equipment. Based on water contracts and
supply programs, it is expected that 1.0-1.1 maf of water from the CRA in a normal
year will be delivered. Historical energy use associated with this level of deliveries
ranges from 2.1-2.2 million MWh. The importance of this is that as Southern
California continues to grow, the need to develop cost-effective power resources
will grow as new water sources will need to be developed to serve the population
(also see Appendix F). In addition to traditional demand factors, postulated climate
change effects will, if accurate, negatively impact hydropower resources
throughout the southwestern United States.

6. Climate change in the Colorado River Basin
Any event(s) that would reduce the availability of water to fuel Colorado River
hydropower resources or otherwise alter historical (long-term) natural patterns or
behavior along the River, and thus impede the ability to manage River resources for
the betterment of all stakeholders, could disrupt Metropolitan’s ability to
effectively manage future power needs and costs of the CRA system. On this basis,
climate change and its hypothesized impacts on the Colorado River and Basin pose
a risk to Metropolitan’s CRA operations. The Intergovernmental Panel on Climate
Change (IPCC) defines long-term changes to climate, or climate change, as
statistically measureable change “attributed directly or indirectly to human activity
that alters the composition of the global atmosphere and which is in addition to
natural climate variability observed over comparable time periods.” (IPCC, 1995).
Climate is defined “as the average weather, or more rigorously, as the statistical
description in terms of the mean and variability of relevant quantities over a period
of time ranging from months to thousands or millions of years. The classical period
for averaging these variables is 30 years, as defined by the World Meteorological
Organization. The relevant quantities are most often surface variables such as
temperature, precipitation and wind. Climate in a wider sense is the state,
including a statistical description, of the climate system.” (IPCC, 2007a). Weather is
the state of the atmosphere at a given place and time, and includes commonly
measured factors such as temperature, precipitation, and the like.

1/12/2010 Board Meeting
5-11 Page

9-2
Energy Management and Reliability Study

Attachment 2, Page 87 of 288
December 2009
Metropolitan Water District
of Southern California

a) Hydrological operations along the Colorado River
The Colorado River is a major source of water and low-cost (i.e., wholesale to subwholesale) hydroelectric power for at least seven western states and Metropolitan.
Water in the River is derived primarily from precipitation runoff – either rainfall or
melted snow that typically accumulates at elevations greater than 9000 ft above
mean sea level (amsl) within the Colorado River Basin. A stream gauging site in
continuous operation since 1895 along the Colorado River at Lees Ferry, Arizona
denotes the man-made dividing line separating the Upper and Lower Colorado
River Basins. Lower Basin States include Arizona, Nevada, and California. The U.S.
Bureau of Reclamation (USBR) operates a series of hydropower stations (dams and
reservoirs) along the Colorado River. Two of these dams – Parker and Hoover – are
the primary sources of low-cost hydroelectric power for Metropolitan’s CRA
pumping operations. Lake Havasu, along the California-Arizona border, is both the
fuel source for Parker Dam hydropower and CRA intake point. Lake Mead, along
the Arizona-Nevada border, is the fuel source for Hoover Dam hydropower.
Maintaining the availability and reliability of low-cost hydroelectric-generated
power from River facilities are key to the long-term cost and operational viability of
the CRA system. Changes in the long-term climate of the Colorado Basin region is a
relatively new concept, but one that could seriously disrupt CRA operational
paradigms.
b) Historical Colorado River flow conditions: the Lees Ferry record
Since 1895, total Colorado River flow has been gauged at Lees Ferry, Arizona, and
mean annual natural flow of the River has been calculated continuously since 1906.
Although the Lees Ferry record indicates a 100-year naturalized flow (i.e., “normal”)
of 15.1 maf, actual flux from year to year (or brief sequence of years) has varied
greatly and may be being influenced by the effects of climate change (see Figure D4 in Appendix D). The historic flow record (i.e., Lees Ferry measurements) provided
the basis for the initial Colorado River Compact agreement among River resource
users. Until 2007, the historic record was assumed to reflect the full range of longterm flow conditions, and thus used to negotiate water delivery allotments, plan
reservoir operations and electricity generation capabilities, and determining how
the water demand associated with future population and economic growth would
be met (USBR, 2007). However, Colorado River total flow measurements collected
and calculated over the past one-hundred years potentially overestimate long-term
Colorado River flow conditions, and as discussed below do not reflect additional
high-temperature and low-hydrologic conditions typically predicted by climate
change models (see also details in Appendix D). This of course assumes that
climate change has not affected runoff to date.
c) Paleoclimate conditions: tree-ring data
A growing archive of tree-ring dendroclimatological data provides past (paleo)
climate reconstructions spanning 1,244 years (e.g., Meko et al., 2007, and
references therein). The wood of both dead and slow-growing live trees can be
dated to determine individual ages of trees and their growth rings. Additionally,
the width of individual rings is purported to be directly proportional to the ambient
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growth conditions during ring formation, and thus a function of water availability
(i.e., precipitation), temperature, and other climate-related factors. On this basis,
tree-ring data are put forth as a proxy for paleoclimate conditions, and can be
calibrated against actual historical measurements (i.e., temperature, tree-ringgrowth, precipitation, and River flow). More than ten tree-ring-based paleoclimate
records are now published (e.g., Meko et al., 2007, Cook et al., 2009; and
references therein) and purport to reconstruct conditions across a broad area
stretching from the Lower Colorado Basin into the northern Sierra Nevada
Mountains. With respect to the Colorado River and Basin, these paleoclimate data
postulate that the last century (i.e., the Lees Ferry record) was generally wetter
than any time since A.D. 762, contained the wettest years within the longer period,
reveal a past replete with extended dry periods, and suggest a large degree of
interdecadal and interannual variability in climate not necessarily reflected in the
Lees Ferry record (USBR, 2007; see also Figure D-4 in Appendix D).
d) Hypothesized 21st century climate conditions in the Colorado River Basin
Decade-long low-precipitation years are possible without climate change, but
more likely to occur with climate change.
Global climate models downscaled for the Colorado River Basin predict sustained
average mid-century temperature increases of 1-2 °C (Figure 5-6), which in turn
result in shifts in duration, volume, and timing of monthly River inflows, and a likely
reduction in overall long-term River runoff. Global
climate models and study results typically indicate that
unmitigated increases in atmospheric concentrations
of CO2 and other anthropogenically-introduced GHG’s
will subtly alter historical climate patterns (IPCC,
2007b). Anthropogenically-introduced carbon-bearing
GHG’s represents carbon added to the atmospheric
carbon cycle by such human activities as excavation
and combustion of fossil fuels. Of particular concern is
the idea that climate change effects will increase average mean temperatures
(seasonal and yearly; e.g., Figure 5-6) across the southern half of North America
(e.g., Milly et al., 2005; Seager et al., 2007; Seager et al., 2009), thus negatively
impacting already stressed water and hydropower resources throughout the
region. Measured mean average temperatures in the northern and southern
halves of the Colorado River Basin have already risen by 1.4 °C and 1.56 °C,
respectively, since 1906 (Figure 5-7). Situated largely in an already arid
environment and surrounded by burgeoning population centers, the Colorado River
and its large number of hydropower facilities appear particularly vulnerable to any
future climate change effects that might lower long-term precipitation and/or
runoff patterns, or increase temperatures and evapotranspiration rates (Figures 5-6
and 5-8).
Due to its importance, scientists, water managers, and power providers are among
the individuals actively trying to delineate how if at all climate change may affect
future use of the Colorado River, and if so, suggest best management practices that
will ensure sustainable use of all River resources in the future (e.g., USBR, 2007;
Barnett and Pierce, 2009; Rajagopalan et al., 2009). For this reason, scientists have
taken global climate models and downscaled these to probe the effects of natural
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and anthropogenically-induced climate change within the Colorado River Basin
(e.g., Christensen and Lettenmaier, 2007; McCabe and Wolock, 2007; Seager et al.,
2007; Cook et al., 2009). Although model results typically probe well into the 21st
century and almost universally indicate undesirable long-term trends, downscaled
model results still lack the short-term resolution capability (e.g., sub-decade) and
certainty required to definitively break with historical resource management and
policies.

Observed Mean Annual Ground-Level Temperatures in the Upper and Lower
Colorado River Basin

Figure 5-7 Record of measured annual ground-level temperatures (blue) and running
mean averages (gold) for the Upper and Lower Colorado River Basin. Since 1906 mean
temperatures have increased approximately 1.4 °C in the Upper Basin and 1.56 °C in
the Lower Basin. Figure from the CA DWR (2008).
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Longitudinally-Averaged 21st Century Precipitation Change

Section 1
Preamble

Figure 5-8 Diagram showing global, longitudinally-averaged, model
precipitation changes. Solid vertical black line depicts the approximate latitude
of Los Angeles, CA and dashed vertical black line depicts the approximate
latitude of Lees Ferry, AZ – both of which lie in a region predicted to undergo
increased drying during the 21st century. Figure from CA DWR (2008).
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Nonetheless, in general models predict that anthropogenic CO2 acts with natural
climate forcings to produce an average mean temperature increase of 1-2 °C by
mid-century (Christensen and Lettenmaier, 2007; Seager et al., 2007). The
proposed increase in mean average temperatures will effect minimum snowfall
elevations, snowfall-rainfall balances, duration, and timing, and ultimately the
timing and volume of water available to fuel hydropower resources. In general,
this combination of factors acts to increase the aridity over the Colorado River
Basin and surrounding region (Figure 5-8). Depending on the model used
(specifically A2 and B1, IPCC 2007b), projected yearly precipitation slightly
increases (+1% in the B1 model) or decreases (-1% in the A2 model) during the
2010-2039 period and slightly decreases (-1%, B1 model; -2%, A2 model) during the
2040-2069 period (Christensen and Lettenmaier, 2007). Model results consistently
show increased evapotranspiration rates that result in total yearly runoff
reductions on the order of 6-7% in the 2040-2069 period (Christensen and
Lettenmaier, 2007).
With predicted reductions in flow, one can infer that by 2040 Colorado River water
and hydropower distribution could become increasingly contentious. Average
temperature increases of 1-2 °C are projected in the Colorado River Basin by about
2050 for the scenario in which global average CO2 concentration levels off midcentury (Christensen and Lettenmaier, 2007; Seager et al., 2007). With increased
temperatures, precipitation patterns will vary from normals and evapotranspiration
rates are expected to increase. Two downscaled models (i.e., A2 and B1; IPCC,
2007b) indicate that some combination of these factors would reduce mid to late-
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century runoff to the Colorado River by a projected 6 or 7% (Christensen and
Lettenmaier, 2007), and begin to negatively impact River hydropower resources at
an even earlier date.
e) Possible futures of hydropower production along the Colorado River
In 2007 the USBR published a final Environmental Impact Statement (EIS), Colorado
River Interim Guidelines for Lower Basin Shortages and Coordinated Operations for
Lake Powell and Lake Mead (USBR, 2007). This report outlines power and water
resources management through 2026. This report is a cornerstone of Colorado
River reservoir system management and has been the subject of debate amongst
climate scientists and other researchers.
Decreases in Colorado River flow and storage volume translate to reductions or loss
of low-cost power from the Hoover and Parker power plants. Groups using distinct
approaches and models have investigated how potential climate change-induced
changes in reservoir levels might affect overall power generation capabilities along
the Colorado River. One group uses the Colorado River Simulation System (CRSS)
model developed for the USBR EIS Interim Guidelines report (USBR, 2007); the
second group employs a simple water budget model (Colorado River Budget Model
or CRBM; e.g., Barnett and Pierce, 2008; Rajagopalan et al., 2009).
To better understand risks that climate change could pose to low-cost hydropower
supplies from the Colorado River, Metropolitan staff used the CRSS model to
investigate how power generation between 2010 and 2060 could be affected if one
assumes cases where: 1) climate change does not reduce River runoff over current
trends; 2) climate change linearly reduces runoff by 10% between 2010 and 2060;
and 3) climate change linearly reduces runoff by 20% between 2010 and 2060
(Figure 5-9). The discussion herein focuses on the end-member cases – zero
percent and 20% runoff reduction. The 20% reduction case is derived by applying
an assumed 6.8% reduction in the historic 1906-2005 Colorado River natural flow in
2010, with an additional 0.26% reduction in each successive year. This results in a
cumulative 14.7% reduction in 2040 and a cumulative 20% runoff at the end of the
modeling period (i.e., 2060). Model results indicate that in the no-change case the
risk of further diminishing Hoover power output in a given year remains less than
three percent through 2040 (Figure 5-9). However, if climate change is acting to
reduce flow by 20% in 2060, and compared to a baseline assuming no reduction in
the historic natural flow, average energy generation is reduced beginning in 2010.
Based on the assumed reduction in natural flow, in 2040 there is a 55% likelihood
of a possible interruption of Hoover power plant energy generation, increasing
from a 3% likelihood in 2015 (Figure 5-9). If the same criteria are applied to
examine the annual average energy generation at the Hoover power plant, one
sees that a 20% runoff reduction results in power output declines on the order of
20% one decade from now. In 2040, power output declines by two-thirds
(Figure 5-10).
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Section 1

Figure 5-9 Probability plot showing the possible risk of further reducing the
availability of low-cost Hoover hydroelectric power. Model assumes cases
wherein climate change linearly reduces Colorado River flow by zero (no symbol),
10% (cross), and 20% (triangle) relative to the current baseline year. Figure based
on internal modeling by Metropolitan using the CRSS model (USBR, 2007).
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Figure 5-10 Plot showing the model-derived average annual output of Hoover
hydroelectric power. Model assumes cases wherein climate change linearly
reduces Colorado River flow by zero (no symbol), 10% (cross), and 20% (triangle)
relative to the current baseline year. Figure based on internal modeling by
Metropolitan using the CRSS model (USBR, 2007).
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Using a different model (i.e., CRBM) and approach, Barsugli and others (2009)
argue that there exists a greater than 50% chance that power pool levels fall below
the critical level at least one year after 2025 if present day consumptive use is
assumed to be 13.5 maf and a 20% linear reduction in flow occurs over a 50-year
period. The likelihood of this occurring in 2040 is about 83%. The odds of being
below power pool in each hydrologic year modeled reaches 50% in 2035, and about
61% in 2040 (Figure 5-11; Barsugli et al., 2009). These results are largely consistent
with Metropolitan’s own model results (Figures 5-9 and 5-10), even though model
approaches and assumptions differ in detail.
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Figure 5-11 Left axis shows the modeled probability (triangles) of Lake Mead dropping
below minimum power pool level. Model assumes a climate change-induced 20%
linear reduction in Colorado River flow in 2060 as a result of predicted mid-century
temperature increases of 1-2 °C. Expectation of Hoover power based on recent
delivery levels. Value drops in 2017 due to renegotiation of contract with WAPA.
Data from Barsugli and others (2009).

Under the compounding model conditions indicating reduced runoff and reservoir
levels, average annual hydroelectric energy generation decreases by 10 or 11% in
the 2040-2069 period compared to the 1950-1999 hydrologic period for the
elimination of global emissions increases by 2100 and relatively unconstrained
growth in emissions scenarios, respectively (Christensen and Lettenmaier, 2007).
Projecting a possible 10 or 11% decrease in Colorado River reservoir system
hydropower production due to climate change effects appears both reasonable and
conservative. Assuming no reduction in runoff due to climate change, average
Hoover hydropower production would remain near the 2010 average through
2033. Power deliveries should be available from Parker facilities as long as Lake
Mead remains above power pool elevation (USBR, 2007). While it is likely that
good River management will result in normal to slightly decreasing hydropower
availability for Metropolitan, it is possible that flow reductions could cause the
USBR to reduce (or in extreme events cease) hydropower production. It is possible
that energy reductions on the order of 10 or 11% in the 2040-2069 period

1/12/2010 Board Meeting
5-18 Page

9-2
Energy Management and Reliability Study

Attachment 2, Page 94 of 288
December 2009
Metropolitan Water District
of Southern California

represent conservative estimates and that the budget for power may have to be
adjusted upward should Metropolitan need to purchase grid power to make up for
any hydropower production shortfalls that could occur as a result of low reservoir
levels.
As illustrated in the preceding figures and discussion, researchers are divided as to
exact outcomes or actions that might be taken to avoid or reduce the impact of
model outcomes. Some scientists believe it unlikely that increasing reservoir
capacity or altering River operating policies will substantially negate the stresses
that climate change is likely to place on Colorado River water and power supplies
(e.g., Christensen and Lettenmaier, 2007; McCabe and Wolock, 2007). Others
conclude that flexibility in current management practices could minimize some (but
by no means all) of the increased risk due to climate change-induced reductions in
flows (e.g., Barsugli et al., 2009; Rajagopalan et al., 2009). Possible direct effects to
Metropolitan vary over the next 30 years and are currently difficult to predict with
any certainty.
While in the near term Metropolitan is ensured water, and remains in a very strong
legal position, drops in reservoir water levels (specifically at Lake Mead) could
impact the timely availability of Hoover power and the prices of electricity.
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On the basis of the preceding discussion, three scenarios are presented in Section 7
in which impacts to Hoover power availability due to climate change are minimal –
on the order of a 2.2% linear decline between 2010 and 2040. In the fourth
scenario, we assume that climate change effects are obvious and aggressively
impact Colorado River hydropower.
f)

Climate change effects in California

While a full discussion of potential climate impacts on regions outside the Colorado
River Basin are beyond the immediate scope of this investigation, it is necessary to
mention as it is possible that climate change will also impact hydropower systems
(and regional wholesale costs) external to the Colorado River Basin, and thus
potentially impact Metropolitan’s overall operations and total budget with respect
to hydropower-reliant systems such as the SWP. Any long-term changes to the
climate will be widespread. While the preceding discussion focused on the possible
outcomes of climate change for the Colorado River Basin, similar studies have
focused on effects within California. Study results specific to California predict that
climate change will alter a range of factors that directly and indirectly affect the
hydropower production capacity in California. As projected for the Colorado River
Basin, California’s average yearly temperatures through the first half of the 21st
century are projected to rise 0.5-2.3 °C by 2040 (Cayan et al., 2007). Models
indicate that near-term State-wide precipitation levels may undergo only modest
shifts (up or down; Figure 5-8), but the timing of rain and snow events shifts in
ways that result in decreased snowpack and earlier melting (Figure 5-6; Cayan et
al., 2007; and references therein). These factors will impact river flow volumes,
increase evapotranspiration rates, and otherwise impact the timing and quantity of
inexpensive hydropower resources (USBR, 2008; Schoups et al., 2009; Chung et al.,
2009). More important to Metropolitan are model results suggesting that by 2050:
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1.

Reservoir carryover storage (which impacts long term hydropower) could fall
15-19%

2.

The SWP power generation system could be vulnerable to interruption every
1-in-6 to 1-in-8 years (USBR, 2008; Schoups et al., 2009; Chung et al., 2009);

3.

SWP hydropower generation may be lowered 5-12%

4.

An additional 575-750 taf of water would be needed in certain years to meet
regulations and maintain reservoir operations above dead pool elevations
(Chung et al., 2009)

Note also that while these factors are operating statewide, population is projected
to continue increasing, and with it follows increased degree cooling days and
increased pressures on the State’s electricity and water systems (Figure 5-6). While
this study focuses on CRA energy use under pressure of climate change moving
forward to mid-century, the preceding discussion illustrates that the pressures on
Metropolitan’s ability to manage its energy budget and continue to successfully
deliver water to Southern California will come on many fronts – not just from the
Colorado River system.

7. Climate change summary
The predicted mid-century effects of climate change will impact Metropolitan’s
availability of low-cost Hoover hydropower. Two climate regions are key to
Metropolitan’s hydropower supply – the Colorado River Basin and the combined
Sierra Nevada Mountains-California Bay Delta region. Changes to the climate are
predicted to affect both regions, but our primary focus is the CRA system region
alone. Over the last several years there have been numerous and sometimes
conflicting predictions about the impact of climate change on the Colorado River.
Earlier this year a group of scientists from the National Oceanic and Atmospheric
Administration, the Bureau of Reclamation, and various universities came together
to attempt to reconcile the wide range of conclusions about future Colorado River
flow. They found that it is difficult to agree on the potential impacts of climate
change for the following reasons:
1.
2.
3.

The topography of the Colorado River Basin is difficult to model
There is a lack of data for much of the Colorado River Basin
There are differences in modeling methods

While researchers will likely never agree on a single prediction for Colorado River
runoff in the future, they have narrowed the range to a 5 to 20% reduction by
2050. Historical climate-related data and downscaled global model projections
almost unanimously point to increased warming (1-2 °C) by 2050, changed
precipitation patterns, and runoff reductions in the southwest U.S. that in turn
make it statistically possible that Colorado River hydropower supplies will be
negatively impacted by 2040. As a result, Metropolitan could see climate-related
reductions and/or possible interruptions of low-cost Hoover Dam power and a
near-certain increase in wholesale and spot market electricity costs if climate
change negatively impacts hydropower generation capabilities throughout the
western United States. A model focusing on the potential cost of climate change
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-induced hydropower reductions is presented in Section 7. The range of potential
climate change impacts remains wide and uncertain. Thus the main challenge for
water agencies will be to develop and nimbly execute energy management plans
that preserve a high degree of long-term flexibility.
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Section 6

Response
Options for
Power Cost
and Carbon
Control
A. Section Summary

Contracts with SCE, WAPA and USBR provide for low- to no-cost energy which can
meet up to 70% of the CRA load, however two of these contracts expire in 2017 and
could significantly change how wholesale electricity demand is met. These
contracts have been highly advantageous to Metropolitan. In addition,
Metropolitan should pursue renewing or otherwise retaining certain beneficial
aspects of the Service and Interchange Agreement with SCE with either SCE or
another power provider to continue to receive substantial benefits.
Metropolitan also has contracts for sale of the wholesale electricity generated from
its owned small hydropower facilities. The sale of electricity currently includes
REC’s and provides a substantial revenue source for Metropolitan. However, in the
future it could become useful to retain the REC’s if RPS standards are expanded to
include wholesale electricity (Appendix B). Therefore, negotiating future contract
flexibility for the option to retain REC’s from small hydropower generation may be
beneficial.
To ensure additional sources of renewable generation that could provide stable
pricing, Metropolitan might enter into a variety of partnerships. Possibilities
include affiliating with existing power producers such as the SCPPA or LADWP, or
co-developing a regional utility-scale solar project with SCE. Metropolitan also has
significant holdings of land that could be leased to generate power, pending the
agreement meets 1932 Act lands requirements (Appendix B). Metropolitan could
also partner with a variety of entities to utilize Metropolitan’s headquarters
building for a technology demonstration site. In general, innovative thinking should
be used when contemplating partnership activities that will benefit Metropolitan in
the ever-changing field of market conditions and regulations.
Since regulations can impose restrictions on Metropolitan’s activities, it is
imperative to identify legislation and regulations that could impact Metropolitan’s
operations or pose limitations on desired activities and employ lobbying to
influence decisions to Metropolitan’s benefit.

B. Contract &
Management
Options

The EMRS has been developed to this point to describe the issues that
Metropolitan will face over the next 30 years. Options to deal with climate change
and energy market shifts are crucial to crafting an action plan and
recommendations for moving forward. This section will lay out these options and
Section 7 will use these as building blocks to create cost projections for
hypothetical scenarios and recommend actions moving forward.
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1. Energy management office
To manage cross-department coordination and identify mutually beneficial
planning, projects, and programs, a new office to serve these needs and focus on
energy and carbon may be useful to Metropolitan. Each of Metropolitan’s internal
departments has specific goals and duties with a high degree of very specific
capability in each group. Organizational sustainability as well as rising to meet new
challenges associated with climate change and carbon regulations requires
interdisciplinary approaches that can be challenging under traditional, wellestablished organizational structures. This new office could work to identify real
and beneficial opportunities for water-power nexus programs. It could also
develop partnerships, track regulation, and apply for funding opportunities that
pertains to energy or sustainability planning, as well as drive regulation where
appropriate. It could identify projects to carry out itself as well as develop means
of support for separate departments that are within the mission of the new office
and the existing department (e.g., energy efficiency assessments and upgrades).
Information on sustainability-type projects could also be maintained as a new and
separate area of Metropolitan’s web site with contact information directed to this
new office.

2. Hoover hydropower contract after 2017
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The Hoover Contract offers low-cost power and should be preserved as best as
possible in contract renegotiations.
Metropolitan’s unique power purchasing arrangement from Hoover dam outshines
all other replacement power sources on an economic basis. Metropolitan is
currently entitled to 28.5% of electricity generated at the Hoover power plant until
2017. Contract negotiations to renew the contract for Hoover power are currently
underway. Terms of a future contract are unknown, however based on past
renegotiations with WAPA for hydropower, other agencies have lost 5% of their
prior allocation. A similar reduction for Metropolitan after 2017 is anticipated.
(i.e., if in a given year Metropolitan’s current 28.5% allotment resulted in 1,200
GWh, a 5% reduction could result in a reduction of 60 GWh and Metropolitan could
receive 1,140 GWh of electricity). Metropolitan has taken a leadership role among
the Hoover power contractors in California, Arizona, and Nevada to resolve the
uncertainties surrounding the provisions in a new Hoover contract. The power
contractors have developed draft legislation to be introduced in Congress that
could define the amount of power the existing contractors could receive under a
new contract. Metropolitan should continue to utilize all resources at its disposal
to get the legislation enacted.

Forecast Scenarios
Section 8
Conclusions and
Recommendations

The cost of hydropower could increase in the future as it is still unclear how large
hydropower or out-of-state power will be regulated in a cap-and-trade world. Also,
there has been consideration to develop guidelines on emissions associated with
large reservoirs but it is not likely that any GHG offsets could push the per kWh cost
of these sources past any competitive supply source.
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3. Parker hydropower contract
Metropolitan is entitled to 50% of the electricity generated at the Parker power
plant in perpetuity and terms are not expected to change in the future. The cost
this source of electricity will still be based on covering operating costs and are
expected to continue to be low.

4. SCE power contract after 2017
Metropolitan should pursue renewing or otherwise retaining certain beneficial
aspects of the Service and Interchange Agreement with SCE or another agency.
Metropolitan’s contract with SCE expires in 2017. This contract is a cornerstone of
keeping CRA power and associated water delivery charges to a minimum, thus all
efforts should be made to identify a suitable partner to continue leveraging power
from the Colorado River system. A post-2017 contract could either be with SCE or a
new partner. To provide the best negotiating position for Metropolitan,
Metropolitan should strive to resolve the uncertainties surrounding its rights in a
new Hoover contract as quickly as possible. This could provide certainty as to the
resources Metropolitan could bring to such an agreement.

5. Small hydropower generation
Create contract flexibility to allow for retaining renewable energy credits if
regulations change makes it a desirable option.
As highlighted in Section 4, small hydro (less than 30 MW) projects are a source of
revenue and currently considered a renewable generation resource by the State.
To date Metropolitan has been selling the energy from these facilities through
several contracts. Some of the contracts provide for the inclusion of environmental
attributes with the energy (electricity bundled with REC’s). These contracts have
lately resulted in revenue averaging around $20 million annually.
Currently, REC’s are only used to meet RPS requirements, while carbon credits, or
allowances, are devices used to account for GHG emissions. Under current
California regulations, REC’s could not be used as a substitute for allowances (for a
further discussion on REC’s and carbon credits, see Appendix B). Therefore, it
could be useful for Metropolitan to retain REC’s if RPS standards are expanded to
include Metropolitan or wholesale electricity. It is recommended that
Metropolitan evaluate the cost and feasibility for all future contracts to contain a
clause that could allow Metropolitan to retain the credits if subject to RPS
requirements. This will allow for flexibility in the future for attaining RPS
requirements. Metropolitan should continue to maintain awareness of current
market and regulatory conditions whenever contracts for electricity from their
small hydro facilities are renewed.
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Items to analyze/be aware of prior to contract negotiations include:
1.
2.
3.
4.
5.

C. Power Generation
and Partnerships

Price of power and REC’s sold separately
Price of power and REC’s sold together
How does the price entities are willing to pay for power and RECs change if
Metropolitan retains the right to keep RECs pending a specific trigger
How does the price for power change with contract length
Individuals engaged in contract negotiations should be kept up to date by
individuals who track regulation that may affect Metropolitan

Provisions in the 1978 revisions to the MWD Act permit Metropolitan to generate
electricity to directly meet their load. The Act also permits Metropolitan to
generate power as a by-product of operations, and this generation can be sold for
revenue. Generation to meet load can be done on a small scale at retail facilities or
on a large scale near Metropolitan’s transmission lines to provide wholesale
electricity to the CRA.

1. Wholesale in-house power generation

Section 1
Preamble

The CRA pumping plants have enough load and surrounding property that on-site
generation with large, utility-scale power plants (100 MW range) could be viable.
The increased size of the load opens up a wider range of possible technologies and
will be discussed in Appendix E.
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Large-scale power plants could be utilized to provide wholesale energy directly to
CRA loads through Metropolitan’s transmission lines or transported over nonMetropolitan facilities. Metropolitan may be allowed to use its owned facilities
outside or under CAISO control to move power from new generation facilities to
load sources. This could be accomplished either through purchasing an existing
facility or building one independently (for regulations pertaining to the ability of
Metropolitan to generate electricity, please see Section 4 and Appendix B). The
scale of large power plants increases the number of technologies that could be
viable options for power production and many of the available technologies can
provide the on-peak power that is attractive to SCE and other electric utilities.
Additional Metropolitan resources could enhance Metropolitan’s position in
attempts to negotiate a contract similar to the Service and Interchange Agreement
between Metropolitan and SCE after it expires in 2017. Self-generation to meet
CRA load would also reduce electricity imports, and as electricity imports decline,
the quantity of allowances needed to cover emissions associated with electricity
imports also declines. In addition, Metropolitan can build small hydroelectric
generation plants (less than 30 MW) throughout its distribution facilities and sell
the generation for revenue because the generation is a by-product of operations.
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a) Purchasing an existing generating facility
If Metropolitan would like to own and operate its own generation facility to meet
load, but would like to avoid a gap between required capital outlays and
revenue/avoided electricity costs, Metropolitan could potentially purchase a
project from another agency. For example, SCPPA recently acquired Tieton
Hydropower LLC. This was done on behalf of three of its member agencies:
Glendale, Burbank, and LADWP. The Tieton hydro facility is a dam located in
Washington with a nameplate capacity of 13.6 MW and a maximum capacity of 20
MW. Metropolitan would be constrained in such an acquisition by power wheeling
or virtual net metering restrictions. Facilities which produce power in excess of
wheeling restriction would be restricted to locations close to Metropolitan’s load.
An advantage of purchasing an existing facility is that the facility is operational and
generating power. This would eliminate a lag between capital outlays and
revenue/avoided electricity costs. This could be done as a partnership with another
public agency or acting alone though the advantages of each option are project
specific. A disadvantage of dealing with existing facilities is that it may prove
difficult to find a generator that is close enough to the demand source and may
result in transmission costs and uncertainty that affect the value of the supply
negatively. This factor however could be considered in any final power deal that
could be made and could be reviewed at that time to assess its impacts.
b)

Metropolitan-built facility

If Metropolitan would like to have a generating facility that is optimally located for
internal use, Metropolitan could independently build an electricity generation
facility. There are many technologies that could be utilized to generate electricity –
solar, wind, enhanced geothermal, biomass, nuclear, and hydro – especially if
Metropolitan is able to utilize the 1932 Act lands. There is enormous potential for
constructing solar facilities on land holdings in the Mojave Desert, which on
average receive twice the direct solar radiation as other areas in the country. The
potential for wind power generation is equally good and possible siting locations of
varying scale are coincident with existing land holdings (Figure 6-1). Large “wind
farms” could be constructed in the Mojave Desert, tied into the Metropolitanowned transmission system, and used to augment electricity from the Hoover and
Parker Dams. Although Metropolitan does not have direct access to biomass under
their current operations, they could gain access to biomass through partnership
with other Southern California public utilities, such as the Los Angeles County
Sanitation District (LACSD), or any utility that processes trash or sanitary sewage.
An additional option is the installation of one or more enhanced geothermal
generation units. This relatively new technology utilizes naturally high ambient
temperatures at a depth more than 5 km in the crust (DOE, 2009a; MIT, 2006;
Williams, 2008). At depth, water is flashed to steam, and the steam is returned to
the surface to spin conventional steam turbines and generate CO2-free electricity.
One clear advantage of this developing technology over other renewables (e.g.,
solar, wind) is the ability to produce electricity all day, irrespective of weather
conditions. A negative of this technology is the amount of water needed, although
a significant fraction of the steam can be condensed for additional use.
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Nuclear is not considered feasible due to the combination of legislative restrictions,
negative public opinion, and excessive construction costs and risk. Full discussions
of each technology are in Appendix E.
Wind power plants

Metropolitan has performed an initial feasibility study to assess the suitability of
developing full-scale wind projects (turbines in the 1-MW range). During that initial
review, opportunities to further study wind resources at Eagle Mountain, PaloVerde and DVL properties were identified. Metropolitan could fund further analysis
for areas near its transmission lines with the goal of further augmenting CRA loadhandling capability.
Hydroelectric generation plants

Metropolitan will complete a feasibility study for new hydroelectric plants within its
existing distribution system in early 2010. Twelve locations have been identified, at
least three sites (7-MW total) have a reasonable payback period (8-12 years). A
series of recommendations will be presented which include preliminary and final
design, and construction at three sites: Colinas, Collis Avenue, and Olinda pressure
control stations. If longer payback periods are allowed, up to six additional sites
could become feasible.
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These new hydroelectric projects would provide a similar role to the existing 16
hydroelectric generation plants (Table 4-2). Due to location, the production of
these new plants could be sold on the wholesale market to provide additional
revenue and REC’s to Metropolitan. These REC’s could be useful to Metropolitan if
wholesale energy or Metropolitan becomes subject to RPS requirements.
Metropolitan can utilize its existing distribution facilities to produce and sell
hydropower for revenue because the power generation is a byproduct of
operations.

2. Retail in-house power generation
Through California’s net metering and distributed generation laws, onsite, gridconnected electricity generation is a viable option for reducing retail electricity
purchases from power providers. On-site power generation could reduce both the
peak load and total demand required from an electric utility provider, which in turn
could reduce retail power expenditures. Facilities such as buildings, treatment
plants, and local pumping stations (Figure 3-1) could all be net metered. The load
at treatment plants is in the several MW range (Figure 3-1). Technologies such as
small wind, small hydro, solar, and microturbines are generally well-suited for
alternative energy generation at these sites.
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a) Solar power generation at water treatment plants
Available land at Metropolitan’s water treatment plants is a prime candidate for
the installation of solar PV systems to meet current retail power demand. Present
net metering and feed-in-tariff laws will allow larger than 1-MW facilities on a
facility’s property to service existing load. In 2009, Metropolitan began a feasibility
study and preliminary design report for the development of financing, sizing, and
technical approach to installing solar photovoltaic (PV) systems at all five of its
water treatment plants. This “solar” report is, at the time of the completion of this
study, in draft form, and develops the options for building up to 10 MW of solar PV
systems. The “solar” study is expected to be completed in early 2010. The draft
document shows that these systems are cost effective (payback within 8-20 years)
and that capital purchase over a 40-year period may be the preferred option.
b) Union Station retail energy demonstration projects
Metropolitan has received multiple, unsolicited proposals for energy-related
projects at its headquarters location. Some of these proposals have been reviewed
for this study and could be of benefit from a cost/reliability perspective, but are not
without risk. In addition, there are limits to Metropolitan’s ability to develop
and/or participate in certain projects due to the 1927 Metropolitan Act. The most
immediate opportunities may be to develop a partnership amongst asset owners
within the Union Station complex area.
The Headquarters building (Figure 3-2), located at 700 N. Alameda Street in Los
Angeles, consumed approximately 9.26 GWh in 2008. This is approximately 0.5% of
Metropolitan’s annual electricity consumption and results in 2,690 tonnes of
indirect emissions, which is 1.4% of the total carbon footprint (Figure 4-10). Ideally,
if incorporated with projects at other facilities in the complex, there is a significant
leadership and flagship role that Metropolitan’s headquarters building could play as
a technology demonstration site. Table 6-1 identifies several suggestions that are
currently executable at the complex. In addition to new projects in the future,
Metropolitan has already completed several efficiency projects at the headquarters
building (Table 6-1). Variable Frequency Drives (VFDs) have been added to the
rooftop chillers, lighting inside the facility has been retrofitted twice and automatic
st
lighting for the 1 floor has been installed. Building staff performed an excellent
job identifying these projects and have had important input on the new potential
projects presented herein. The future proposed projects are not ranked herein by
their cost effectiveness; each would require its own independent analysis.
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Photovoltaic solar array systems

There is extensive roof space at the Metropolitan headquarters building as well as
the adjacent office building and Union Station for installation of solar PV arrays,
though all have constraints. Installation of PV panels on the Headquarters building
would require a shading analysis as the building parapets are high and there are
shading issues on most of the building roof areas. Another viable option could be
the installation of façade-mounted panels on South-facing walls of the buildings.
The southern roof area of an adjacent office building has very few shading issues
and Union Station has several areas roof faces that could have minimal shading.
There are also several shade structures in the Station’s rail yard which could be
good locations for PV arrays. Unfortunately, this area is slated for redevelopment
as a hub for Southern California’s bullet train and will likely be constructed before
the system payback could be achieved. Costs for roof systems are typically in the
$6.50 to $7 per Watt range using monocrystalline silicon panels though this cost
could be lower if thin-film PV panels were utilized. Thin film could however, reduce
the system performance and a cost/performance analysis would need to be
established before selecting either panel type. Payback periods on roof systems
are currently 8 to 15 years with incentives.
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Table 6-1 Potential Energy, Efficiency, and Union Station Energy Projects
No.

Site

Technology

Location

1

Metropolitan HQ

Solar PV Arrays on roof and façade

South roof area and South-facing building
façade

2

Union Station parking
lot

Solar PV parking cover

Parking lot on Alameda Street (HQ)

3

Office building

Solar PV Arrays

Roof – building at corner of Alameda
Street and San Bernardino Freeway

4

All sites

Solar hot water heating

Multiple roof locations

5

Union Station

Solar PV on roof

Rail-yard canopy structures, South-facing
Station roof areas

6

All sites

Micro wind turbines or fuel cells

Where feasible

7

All sites

Energy efficiency assessments

All

8

Metropolitan HQ

Thermal energy storage

Below grade

9

All sites

Building upgrades – Leadership in
Energy and Environmental Design
(LEED) for existing buildings

All

10

Metropolitan HQ

Micro wind turbines

Build on South-facing parapet

11

Metropolitan HQ

Biodiesel fueling station

Adjacent to building; partnership with
SCPPA, partnership with Metropolitan
Transit Authority (MTA) to get difficult
permits (e.g., AQMD & FTB)

12

Metropolitan HQ

Battery power storage

Integrated with solar PV systems

13

Metropolitan HQ

Variable frequency drives on garage
fans

Garage

14

Metropolitan HQ

Induction lighting in garage

Garage

15

Metropolitan HQ

Power Conditioning testing*

TBD

Table 6-1 Table of conceptual energy generation and management pilot projects the could be implemented at
Metropolitan HQ, the greater Union Station complex, and other Metropolitan-owned facilities. Refer to Figure 3-2 for
locations of District Headquarters and other Metropolitan-owned facilities. Biodiesel fueling siting regulations may
require local/regional permits from the Air Quality Management District (AQMD) and California Franchise Tax Board
(FTB), among others.
*Test and evaluate the use of AC power conditioners for correction of power factor, reduction of kilowatt demand and
harmonic filtration
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Discussions have been initiated with the Metropolitan Transit Authority (MTA)
regarding a comprehensive plan for efficiency improvements and potential
renewable energy development at the Union Station complex as an integrated site.
MTA has recently been active in efficiency and renewable development and has
expressed an interest in working with Metropolitan and Pro-Logis, the train station
site owner, on a comprehensive plan for the Union Station complex. MTA’s
efficiency upgrades as well as an one-MW roof mounted solar PV system are an
overwhelming success and there is suitable momentum to find additional savings at
the train station area.
Option: Develop comprehensive plan for Union Station complex partnership with
MTA/Pro-Logis.
Option: Perform a shading analysis of all potential solar sites on the entire Union
Station campus.
Battery power storage
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Battery power storage systems can be integrated into a solar PV system to store
power during the day and discharge in the evening, in effect extending the real use
cost savings. Batteries, though very expensive, are often a necessity for powering
remote sites where no utility power exists. Metropolitan has been approached by
Icell, a manufacture of lithium ion batteries marketed for renewable energy
storage. Though potentially beneficial in remote sites, systems are currently not of
financial or solar system benefit at the Metropolitan’s Headquarters building due to
expense. The building is already space constrained and has significant shading
issues, so that even with battery storage PV will likely never generate enough
electricity at the site to power the building in its entirety.
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Option: Do not evaluate battery backup systems for the headquarters building. In
the event that Metropolitan staff design a remotely powered equipment site, it
should consider this type of battery in the design phase.
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Solar hot water heating panel systems are set up in arrays of black panels to absorb
solar energy and transfer it to potable water loops inside the panel and then send
the energy to a water storage tank for use throughout the building. Depending on
plumbing requirements, these systems have much quicker payback periods than PV
systems (2 to 5 years) and in general do not significantly degrade over time.
Option: Perform analysis of building plumbing system and get plumbing contractor
quotes to perform the work. System payback period should be calculated and
include funding from LADWP and Southern California Gas Company.
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Micro wind installations

Micro-wind generation is a relatively new concept for integration with tall
buildings, though it shows considerable promise. There are a variety of
technologies such as propeller systems and vertical fan systems. Some are
designed with architectural flare such as those manufactured by AV Inc., which cost
$140,000 for a group of 10 and generate a maximum of 12 kilowatts (kW). Other,
more moderately priced systems designed without extensive aesthetics can cost
$6,000 each at a capacity of 1.9 kW. Paybacks
(Image from: Oregon State University, 2009)
on these systems are not well known, but in
general this is a feasible technology for
piloting at the Metropolitan Headquarters
building.

Courtesy of AV Inc, 2009

Option: Evaluate the project goals and
Metropolitan’s aesthetic requirement before
moving forward. If aesthetically acceptable,
perform a conceptual cost analysis including
meeting with vendors to determine the wind
resources available and cost/performance
benefits of the technology. Install wind data
logging system on top of the Union Station
Headquarters building necessary to determine
site feasibility for wind turbine units.

Microturbines

In 2001, Metropolitan was the recipient of three microturbines from the CARB. The
caveat to receiving the equipment at no charge was that Metropolitan would need
to install the equipment. This effort was performed successfully and it was run for
approximately two years with reportedly good results. The turbines have a
nameplate capacity of 30 kW and practically achieve 26 kW each. Two of these
turbines have their exhaust hooked to a heat exchanger to heat water for the
building. While all three units were down in 2009 due to faulty control boards, the
control boards were replaced and the microturbines resumed operation in the end
of October 2009. Staff has also identified that by adding the third turbine to heat
water for use in the building, nearly 100% of the building’s hot water demand could
be met. It is anticipated that once diagnostics are completed that this exhaust
rerouting will be performed to capture more waste heat.
Option: Investigate the use of turbine waste heat for pre-heating water for the
Union Station Headquarters building hot water system.
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Energy Star

Energy Star is a joint program of the U.S. Environmental Protection Agency (EPA)
and the United Stated Department of Energy (DOE) intended to save money and
protect the environment through energy efficient products and practices. The
program has succeeded as Americans, with the help of Energy Star, saved enough
energy in 2008 alone to avoid greenhouse gas emissions equivalent to those from
29 million cars — all while saving $19 billion on their utility bills.
Metropolitan’s headquarters building is an Energy Star Rated facility scoring 91
points out of 100, which is above the threshold of 75 points required to earn
certification. Energy Star certification does not include multiple levels of
compliance such as the LEED certification so it is not anticipated that Metropolitan
could benefit from any new action to update the certification.
Option: No future action recommended at Headquarters but should be considered
for application to new or existing facilities during the planning and design phase.
LEED for existing buildings
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LEED is a third-party certification program and the nationally accepted benchmark
for the design, construction and operation of high-performance green buildings.
LEED promotes a whole-building approach to sustainability by recognizing
performance in five key areas of human and environmental health: sustainable site
development, water savings, energy efficiency, materials selection, and indoor
environmental quality.
There are some redundancies between LEED and the Energy Star rating system
such as water and energy efficiency. LEED for existing buildings focuses on building
operations which is a certification that Metropolitan is currently reviewing. A
decision whether or not to proceed with the certification process has not been
completed. However at a minimum, pursuit of achieving the highest goals of the
certification can be accomplished without actually attaining the ranking.
Metropolitan should consider this point as it continues on the road of operating its
headquarters building more efficiently in the future.
Option: Fund projects that are identified to achieve a LEED ranking, Silver or
higher, for new or existing buildings certification.
Thermal energy storage

Thermal energy storage (TES) is made practical by the large heat storage capability
of water. One tonne of water, just one cubic meter, can store 334 megajoules (317
thousand British Thermal Units (BTUs) or 93 kWh). The most widely used form of
TES technology is in large building, or campus-wide air conditioning or chilled water
systems. In this application, a standard chiller is run at night to produce ice. Water
is circulated through the ice during the day to produce chilled water that would
normally be the daytime output of the chillers. This reduces the electricity
consumption of the air conditioning systems, which represent a significant portion
of peak electrical loads, especially in commercial buildings.
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A partial storage system minimizes capital investment by running the chillers 24
hours per day. At night they produce ice for storage, and during the day they chill
water augmented by water circulating through the melting ice for the air
conditioning system. Such a system usually runs in ice-making mode for 16 to 18
hours per day, and in ice-melting mode for six hours per day. Capital expenditures
are minimized because the chillers can be just 40 to 50% of the size needed for a
conventional design. Ice storage sufficient for storing half a day's rejected heat will
do. In Metropolitan’s case, existing cooling tower use can be dialed down using the
existing VFD’s, or one or more of the four units can be turned off as needed.
This system does not necessarily result in a reduction and may actually increase
energy use. However, the goal of the system is to shift peak power demand loads
to the evening, thereby minimizing peak period power demand charges as well as
lowering standby fees. For example if the headquarters building existing design
peak power demand is 3.2 MW, but can be permanently reduced to 2.9 MW,
significant value in reducing demand/fixed charges from LADWP could be realized.
Option: Continue development of partnership with SCPPA or others with the intent
that research could be done through them to analyze Metropolitan’s headquarters
power rate structure and existing heating, ventilating and air conditioning (HVAC)
system to determine the cost effectiveness of adding a thermal heat storage
project.
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3. Large-scale partnerships
Self-generation of tens or hundreds of MW’s is a significant undertaking, both in
terms of capital costs and ongoing management and maintenance. To lessen the
cost and other risks in building and operating large-scale generation, Metropolitan
could engage in partnerships with public power providers or other public entities.
Metropolitan could also partner with other agencies in smaller undertakings that
will still provide benefits. Metropolitan has already been approached to be a
partner in a solar power generation project in Arizona which appears to be a cost
effective option. Other options include partnering with various organizations to
utilize Union Station for demonstration projects related to energy efficiency and
use, joining industry groups, or providing funding for research.
a) Membership with SCPPA
The SCPPA is a Joint Powers Authority formed under the Joint Powers Act of the
California Legislature in 1980. It has twelve public power agency members
including eleven cities and one irrigation district. Members of SCPPA that are also
Metropolitan members include the Cities of Anaheim, Burbank, Glendale, Los
Angeles, and Pasadena.
SCPPA’s mission is to “provide coordination, facilitation, implementation, and
communication on issues and projects of mutual interests to the members, as
determined by the Board of Directors”. Its vision is to “provide cost-effective, joint
action services that supplement member programs and activities to assure
continued member success.” SCPPA has financed four generation projects, three
transmission projects, three natural gas projects, and four renewable energy
projects.
As part of the outreach to potential developers and partners, a discussion was
initiated in August 2009 with SCPPA to explore potential opportunities that could
benefit both SCPPA and Metropolitan. The timing of the inquiry was fortuitous in
that SCPPA is in the process of enlisting and establishing minority partners.
Additionally, a number of Southern California cities and some Northern California
utilities have expressed interest in partnership in order to gain access to a rather
formidable renewable portfolio that SCPPA is acquiring (900 MW wind, up to 900
MW geothermal, 275 MW solar, 100 MW biogas, and 20 MW landfill gas), as well as
other services such as gas procurement.
A variety of subjects were discussed, but the most immediate opportunity for joint
cooperation included the following possibilities:
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Union Station Complex – potential immediate assistance
- SCPPA is providing members with LEED facility reviews that identify
the modifications that would be needed to become a LEED certified
facility
- SCPPA is working with members to install small scale Thermal Energy
Storage devices at various facilities in order to reduce on peak
demand and usage
- SCPPA is helping members apply for and obtain Smart Grid stimulus
dollars from the Federal government
Renewable Resource Development – SCPPA has an evergreen renewable
resource RFP that encourages applications that members can then
evaluate on a case by case basis. Examples include:
- Solar and wind facilities
- Landfill gas
- Fuel cell projects (biomass/biogas)
- Geothermal
- Wind
Joint research and development – several SCPPA members have combined
resources to jointly evaluate new products and technology including:
- Microturbine generators
- Thermal energy storage
- Office wind applications
Contract negotiation – particularly SCPPA’s considerable experience with
renewable Power Purchase Agreements (PPA’s)

Metropolitan has a need to leverage all opportunities to help manage power costs.
It could be beneficial to participate in SCPPA to support those options that might
lead to the construction of large-scale energy generation that Metropolitan could
participate in. Being affiliated with SCPPA will make creating innovative power
solutions to future energy related problems far more realistic than if Metropolitan
worked on them alone.
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Option: Continue actions that would lead to an affiliation with SCPPA, and to work
actively with its members to potentially enter into renewable energy agreements,
and address the activities and risks presented in this report.
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b) Large-scale generation and transmission partnerships
Innovative thinking should be used when contemplating partnership activities
that will benefit Metropolitan in the ever-changing field of market conditions and
regulations.
Metropolitan may find it beneficial to enter into partnerships with public energy
providers or member agencies to build transmission lines from connection stations
along Metropolitan-owned transmission lines to areas with high renewable energy
potential. This would allow Metropolitan to gain access to sites with renewable
energy potential which could provide energy to meet CRA load. Partnerships could
extend to developing renewable generation at the end of potential new
transmission lines. These large-scale developments are expensive and through
partnerships, Metropolitan could benefit from economies of scale. These types of
arrangements are highly dependent on the opportunity itself, legal analysis, and
innovation to allow for the development of a successful project.
c) Lease Metropolitan-owned land for power plants
If Metropolitan does not want to front significant capital or take responsibility for
the operations and maintenance of a large power generating facilities, they could
potentially lease available land for power generation to serve their own load.
While Metropolitan has significant land holdings throughout its service area, use of
this land for leasing to other agencies is subject to restrictions set forth in contracts
granting land under 1932 Act lands and in fee lands (Appendix B). These
restrictions prevent using 1932 Act lands for revenue generation, however
Metropolitan may be able to receive discounted energy to meet either their retail
or wholesale load, depending on facility location. Use of 1932 Act lands is more
restricted than fee lands, therefore, Metropolitan’s use of this strategy to meet CRA
load could be limited. Locations such as DVL could potentially be utilized to
generate energy if Metropolitan’s portion of the generation could be used to meet
retail load through virtual net-metering or other energy wheeling means.
In addition, several legal limitations apply to Metropolitan in leasing lands for
construction of alternative energy facilities, in particular as they relate to revenue
generation solely (See Appendix B). However, there are limited instances where
revenue streams from alternative energy facilities could apply. In particular,
Metropolitan owns more than 147,500 acres of real property throughout Southern
California, much of it used for various operational purposes. Over time, as
operational activities change, the need for these properties may be revised an on
occasion, certain parcels identified as excess to Metropolitan’s current operational
needs. These properties could be used for alternative energy facilities where the
property will be used for other Metropolitan operational purposes in the future.
These types of properties could be developed for alternative energy facilities using
the following four core principles:
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1.

In order to be eligible for leasing to provide an alternative energy facility
revenue stream, lands must be (a) owned by Metropolitan in fee, (b) be
needed by Metropolitan for some defined future use, (c) excess to
Metropolitan’s current operations, and (d) consistent with future
operational needs for Metropolitan as a whole.

2.

Lands may be leased to private-sector developers for the purpose
of designing, financing, building, and operating solar or other renewable
energy facilities, and selling the power at wholesale rates to Metropolitan
or other utilities as appropriate. It should be noted that the wholesale
energy purchaser(s) would likely retain all environmental attributes
associated with the energy.

3.

Revenue would be realized via physical ground rent as well as potentially a
small energy royalty, the sum of which would (potentially) offset overall
Metropolitan operational costs. Projected revenue for a 40-MW facility is
estimated to be $400,000 to $750,000 annually in 2009 dollars.

4.

In order to assist with its long-term energy stability, Metropolitan must be
granted a right of first refusal to purchase any generation facilities located
on its land, prior to those facilities being scrapped or sold to a third party.
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As discussed in Sections 4 and Appendix B, there have been and will continue to be
many pieces of legislation, both on the Federal and State level, that affect
Metropolitan’s energy operation in both small and large ways. Therefore it is
imperative to identify legislation and regulations that could impact
Metropolitan’s energy operations or pose limitations on desired activities, and
employ lobbying to influence decisions to Metropolitan’s benefit.
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a) Identify legislation and regulations to impact
Regulations set forth in legislation, at both the Federal and State Level, set the rules
of engagement for business activities, and new regulations can sometimes
significantly alter business as usual operations. For example, the new CAISO
regulations defined by MRTU inhibited Metropolitan from engaging in electricity
banking with DWR. This restricts the flexibility of Metropolitan to move electricity
around and ultimately could increase the net cost of electricity.
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There are several pieces of legislation that have been proposed or are in the
process of being implemented that will affect Metropolitan with impacts ranging
from significant to relatively small (Appendix B). The most prominent of these new
regulations is those set forth in AB-32 regarding GHG reduction goals. Currently, it
is not clear how the goals of AB-32 will be achieved. While there will be a cap-andtrade program implemented in California, it is unknown whether Metropolitan
could be included in the program or how Hoover and Parker power will be viewed
as they do not appear to meet California’s definition of renewable hydro. These
and other factors that have yet to be decided could have significant impact on
Metropolitan’s operations. Pending regulations that could have smaller impacts
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include the implementation of AB-920 and AB-560, which could allow entities with
net metering facilities to be paid for excess energy and could require utilities to
increase the amount of net metered generation allowed, respectively. This would
currently only impact the solar facility at Skinner WTP, but could limit the size of
any future solar facility.
With so many proposed regulations that could affect Metropolitan in both large
and small ways, it is important for Metropolitan to identify and track proposed
legislation as it makes its way through the State Legislature and Congress. This
includes a wide scope of regulations that apply to both energy and water (due to
the relationship between water and energy, especially in California, which is
sometimes referred to as the water-energy nexus) in addition to other factors.
Examples of nexus projects and programs can be significant in benefit and scope.
The path alignment of the proposed bullet train is but one example. If the route
happens to go through the Tehachapi Mountains, it could provide an opportunity
to co-locate a tunnel for water transport along the SWP, which could significantly
reduce or eliminate SWP pumping costs. Identification and tracking will allow
Metropolitan to plan in advance for new legislation which could put them in a
position to take immediate advantage of new opportunities or to adjust to new
restrictions in a manner which is least disruptive to operations. Incidentally,
tunneling through the Mountains has been studied in the past and was, in the end,
eliminated from consideration due to concerns of crossing seismic fault zones
(DWR, 1974).
b) Lobbying
In addition to identifying and tracking proposed legislation, Metropolitan could
employ lobbying to influence future legislation and regulatory outcomes. Lobbying
can include actions ranging from bringing awareness to politicians on how
proposed legislation could impact Metropolitan to proposing changes to regulation
that could benefit Metropolitan and member agencies. Lobbying could be an
effective strategy for Metropolitan due to its position as a significant resource
supplier in Southern California.
Metropolitan is already engaged in energy lobbying activities and has drafted
several legislative proposals regarding net metering, virtual net metering, enhanced
self-generation capabilities, and post-2017 Hoover power allocation (Appendix B).
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Section 7

Forecast
Scenarios
A. Section Summary

To effectively forward model possible energy management strategies relevant to
CRA operations, four umbrella scenarios were developed under which various
operational strategies will be evaluated. In each case we attempt to look out to the
year 2040 using historical and projected data provided by Metropolitan, the EIA,
and other sources.
The State of California, the U.S. Federal government, and the United Nations have
all recognized the risk of climate change as a real and serious issue. The State is
actively pursuing policy to do its part in reducing its emissions as well as prepare for
adaptation to its affects (CNRA, 2009). Metropolitan has historically been a leading
agency in an effort to bring a regional perspective with an eye on long term
sustainability of its service area. As such a leader, given the significant national and
international government consensus and the ground swell of new renewable
technologies and planning strategies being implemented on a large scale, the noaction option quickly appears to be an inadequate approach for Metropolitan
moving forward. In that context the latter three scenarios outline the moreprobable future conditions that Metropolitan will face over the next 30 years.
The evaluation of historical trends and market drivers indicate that three primary
factors likely have the capability of bringing measurable change to the operations
of Metropolitan. These three factors are: 1) market or process-altering
technological developments; 2) regulatory changes at the Federal, State, and/or
local level; and 3) the effects of climatic variations on hydropower resources (Table
7-1). To analyze the impact of these factors, expected CRA water deliveries and
electrical load are held constant in all scenarios. Regulatory changes and climate
change are evaluated separately herein to gauge their individual effects. However,
we believe that technological changes are a factor that will operate in any likely
future scenario in concert with the pace of regulatory and/or climate changes, and
thus are embedded in all the scenarios presented.
In Scenario One “No Action,” we explore the no-action alternative and explore
ramifications and outcomes if current trends are allowed to play out without
change. In Scenario Two, “Technology Increasing,” we assume that little has
changed from today with respect to historical climatic trends or current regulatory
rules. No new legislation is assumed to take effect and no existing regulation is
expanded beyond its current applications and range of coverage. Carbon prices
associated with current legislation are expected to be minimal. However, marketdriven technological advances are assumed to occur. For Scenario Three,
“Regulatory Change,” we examine the potential issues that might arise assuming
that regulatory statutes (e.g., AB-32) would now apply to, and thus impact, all
Metropolitan operations in a significant way. In this scenario assumption, the
regulatory framework is expansive and encompasses not only Metropolitan’s
operations, but also effects business partners both upstream (e.g., USBR, SCE) and
downstream (e.g., member agencies) of Metropolitan. In Scenario Four, “Climate
Change,” we investigate the potential impacts arising from significant variation in
local and regional climate regimes, such as the impact climate variations may have
on Metropolitan’s ability to extract power from the Colorado River. The following
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sections describe in deeper detail the issues associated with each of these
scenarios.

Table 7-1 Scenario and Issues Overview
Technology

Regulation

Climate Change

Scenario One –
“No Action”

The market-driven pace of
technology innovation in
both the water and energy
sectors remains on normal
growth curves along recent
historical trends.

Existing regulations and
legislation are still in force.
No new regulations or
legislation are assumed to
impact Metropolitan
operations.

Historic climate variability
and local/regional
weather regimes are
assumed to continue
through 2040.

Scenario Two –
“Technology
Increasing”

The incentivized marketdriven pace of technology
innovation in both the
water and energy sectors
increases past recent
historical trends.

Existing regulations and
legislation are still in force.
No new regulations or
legislation are assumed to
impact Metropolitan
operations.

Historic climate variability
and local/regional
weather regimes are
assumed to continue
through 2040 despite
technological
improvements.

Scenario Three –
“Regulatory Change”

The pace of technology
innovation in both the
water and energy sectors
increases due to regulatory
drivers.

Both state and Federal
regulatory issues currently
under consideration are
assumed to apply to
Metropolitan operations
and energy supply chain.

Historical climate
variability and
local/regional weather
regimes are assumed to
continue through 2040
despite regulatorymandated technology
improvements.

Scenario Four –
“Climate Change”

The pace of technology
innovation in both the
water and energy sectors
increases due to
environmental and
regulatory drivers.

Both state and Federal
regulatory issues currently
under consideration are
assumed to apply to
Metropolitan operations
and supply chain.

Significant climate change
in near-term; frequency
and intensity of
local/regional weather
regimes affected; water
and energy supplies at
risk.
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Table 7-1 Matrix summarizing the proposed scenarios discussed herein. While Scenarios 2-4 are designed to have only
one variable lead the path to change, we note that other factors will likely change in response to perturbation of the
system (e.g., that a change in climate conditions will likely result in responses from technology and regulatory sectors).
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B. Scenario 1 “No Action”

When projecting how an organization might be affected when their systems are
disrupted by external perturbations, it is often important to begin with a baseline
scenario where conditions, issues, and organizational behaviors are considered to
exist unchanged from previous. This no-action scenario represents a mirroring of
current regulations and historic Metropolitan operations into future. The key
parameters that are included in such a future include:
1.

2.
3.
4.
5.
6.
7.

December 2009
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The current Interchange agreement with SCE, with benefit energy, will
remain in place, or a contract of equal effect will be instituted with
another organization
Power banking will remain viable with either SCE or a future party
The water supply from the Colorado River is available, similar to recent
historical records, and is sustainable during average years
Drought conditions will not persist for periods of more than the 3-5 years
Population in Southern California steadily increases without limitation
from water availability
Metropolitan takes a reactive role only to rules associated with AB-32
No further regulations affecting the market, historic inflation and growth
occur in the future; no Federal actions on climate are taken, and legal
standings are static

The importance of the Hoover and Parker contracts and the associated benefits
that the SCE agreement brings to bear are the cornerstone of Metropolitan’s ability
to operate the CRA system (Section 4). The onset of AB-32 rules (cap-and-trade)
will make traditional sources of power more costly, and will drive changes in power
market prices. These changes are expected to increase base price and underlying
volatility. Some of these trends are already underway (see Section 4 and
Appendix A).
Scenario 1 cannot be reasonably followed through due to overwhelming evidence
that changing market and environmental conditions are occurring and will continue
to do so in the future. The State of California, the United Nations, and recently the
U.S. Federal government have all recognized climate change as a real and serious
issue. The State is actively pursuing policy to do its part in reducing its emissions as
well as prepare for adaptation to its affects (CNRA, 2009). Metropolitan has
historically been a leading agency in an effort to bring a regional perspective with
an eye on long-term sustainability of its service area. As such a leader, given the
significant national and international government consensus, the ground swell of
new renewable technologies, and planning strategies being implemented on a large
scale, the no-action option quickly appears to be an inadequate approach for
Metropolitan moving forward.
In that context the following three scenarios sequentially probe the effects of three
key factors likely to perturb current conditions. By doing so the outcomes from
each scenario are explored, compared and contrasted; from these outcomes,
scenario commonalities that may be faced will be identified.
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C. Scenario 2 –
“Technology
Increasing”

The “Business as Usual” scenario considers typical levels of technology
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advancements, only pre-existing regulatory conditions, and a continuation of the
existing climate variability and associated water supply. Scenario 2 assumes that
technology advances related to the power sector (e.g., renewable development,
energy storage) will continue to develop at an increasing pace – driven
predominantly by market considerations, research and design constraints, and
incentive program funding. Also, and in parallel, existing regulatory framework
(e.g., AB-32 in force and Metropolitan is not covered under the cap) and timelines
continue as currently legislated, which includes a 33% RPS. Climate change effects
are considered, but are assumed to unfold slowly and produce change along the
range of predicted minimums which are already incorporated into EIA’s AEO 2009
projections.
Specific assumptions and/or conditions constrain this Scenario analysis:
1. Technological advances make it cost-effective for Metropolitan to make
large investments into renewable energy.
2. The average natural flow calculated from Lees Ferry measurements can
vary greatly from year to year and, but average around 15.1 maf, of which
Metropolitan Water District is anticipating deliveries of 1.0-1.1 maf (J.
Lambeck, Metropolitan, pers. comm., 2009).
3. Anticipated Hoover/Parker electricity deliveries are ensured every year
through 2040.
4. The 2017 renewal of the Hoover energy contract will include a standard
5% reduction in anticipated hydropower production made available to
Metropolitan (Section 4).
5. After 2017 Metropolitan will no longer receive benefit energy from SCE,
and thus will have to purchase energy at wholesale rates to compensate
for this loss (see Section 4).
6. Periods of drought exceeding five consecutive years do not occur, and any
shortfalls incurred during drought are made up during prior or subsequent
wet years.
7. Electricity fuel prices (i.e., coal and natural gas) will include the equivalent
of a $15/tonne CO2e (see also Section 4 and Appendix A), but will
otherwise remain within the trend boundaries as shown in Figure 5-3.
8. Population and economic expansion rates during the next 30 years are not
limited by the availability of existing water resources.

1. Driving forces
a) Technology
Technology expands to allow on-site generation at Metropolitan facilities.
The renewable energy market is rapidly emerging with new breakthroughs in
efficiency and new technology almost on a monthly basis. It is expected under this
scenario that this momentum will continue if not grow even further resulting in a
variety of technologies that could help lower Metropolitan’s energy consumption.
Whether it be nanotechnologies for power transmission or low-cost/high-efficiency
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solar panels, more options for controlling power costs with reasonable payback
periods (around ten years, if not fewer) will exist.
Increase in fuel price only due to market-based responses (e.g., commodity
scarcity, supply and demand, etc.).
In this Scenario, electricity prices are expected to increase according to the EIA
data, and without significant climate change. In general, electricity prices increase
due to rising fuel prices, and rising fuel prices are controlled by commodity scarcity,
supply and demand, and other factors outlined in the AEO 2009.
Base retail prices in this scenario are assumed to be those represented in
Figure 5-3 for California. Base on-peak and off-peak wholesale prices in this
scenario are assumed to be those represented in Figure 5-4. Until the SCEMetropolitan Service and Interchange Agreement expires, it is further assumed that
Metropolitan’s wholesale power costs will be $0.015/kWh less than the average
off-peak price due to the ability to purchase off-peak power in winter months and
bank it for later use during summer months. For this scenario, it is assumed that
Metropolitan does not need to purchase on-peak wholesale electricity to meet the
CRA load. A detailed explanation of all specific scenario assumptions is located in
Appendix G.
b) Regulatory
There are several ways that regulatory constraints and drivers could impact future
energy prices. In this Scenario, Metropolitan will not be directly regulated under
AB-32 and carbon prices are expected to be minimal and already incorporated into
EIA’s AEO 2009 projections utilized to develop Figure 5-3. In addition, RPS
standards in excess of the 33% by 2020 goal will not be adopted. The combined
impact of these regulatory restrictions on Metropolitan’s cost of electricity is
expected to be relatively small.
Metropolitan not directly regulated under AB-32

The EIA believes that the costs of building and financing new GHG-intensive
capacity should be adjusted to reflect the implicit costs carbon that are being
added by utilities, their regulators, and the financial community (EIA, 2009b).
Therefore, a minimal cost of carbon ($15/tonne) is assumed in the future electricity
cost projections.
If Metropolitan is not regulated directly under AB-32, fiscal impacts will be limited
to indirect avenues such as rising fuel costs and increasing electricity prices due to
regulation of electricity generating facilities. In this Scenario it is assumed that
carbon prices under the cap-and-trade program set up by AB-32 will be minimal at
$15/tonne. This cost will not change the base electricity projections since EIA
projections include assumptions which are equivalent to $15 per tonne.
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No new RPS standards

Current RPS standards dictate that 33% of retail electricity will be from renewable
sources by 2020. To meet this goal, it is estimated that power costs will increase by
7% over current baseline projections (as stated in Section 4). The 7% increase is
assumed to continue through the time period analyzed because capital costs
associated with added renewable generating capacity will be paid off beyond the
date set by the RPS goal. In addition, the 7% increase is assumed to apply only to
retail electricity as the goal only applies to retail electricity.
c) Climate
No climate change-driven water level change

In this Scenario, only minimal predicted effects of climate change are assumed (i.e.,
no significant runoff reductions, no high electricity demand due to increased
cooling-degree days). Per-capita energy demand is expected to decline which will
help to control energy costs. However, changes in supply (peak vs. non-peak) is a
gap that is expected to expand, and may result in a net increase in electricity prices.
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It is assumed that Metropolitan will need to secure energy required to transport,
treat, and deliver 1.05 maf of CRA water through 2040. This is a reasonable
assumption given the discussion on climate change in Section 5 and Appendix D,
and Metropolitan’s status in water contracts with the USBR (USBR, 2007). While
Metropolitan could receive this level of water deliveries through 2040, cumulative
Hoover power availability will decline 2.2% by 2040 (Figure 5-10). Metropolitan has
contractual rights to 28.5% (1,042 GWh projection for 2010) of energy generated
from the Hoover power plant. Thus, if total expected generation declines by 2.2%,
Metropolitan would have its energy deliveries reduced by 2.2% of 1,042 GWh. This
would force Metropolitan to purchase replacement energy at wholesale rates at
$0.06-0.15/kWh wholesale vs. $0.015-0.02/kWh Hoover rate (the price from 20102040).

2. Cost impacts
Based on all of the discussed factors in this scenario, Metropolitan’s electricity bill is
expected to slowly increase until 2017 and then jump approximately 50% due to
assumed renegotiation of the WAPA contract (with current allocation reduced by
5%) and the expiration of the SCE contract (Figure 7-1). With expected changes to
existing contract terms and no new cheap generation source coming online,
Metropolitan’s electricity bill is expected to rise rapidly. In addition to the
reduction in Hoover power assumed to occur in the renegotiation of the WAPA
contract, total Hoover hydropower availability is assumed to decline 2.2% by 2040
due to projections of slightly reduced reservoir levels. The added cost of the 2.2%
reduction is shown as the gray bar in Figure 7-1 and is expected to have minimal
impacts on cost.
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Hypothetical Electricity Cost Projection for CRA and Retail System in Scenario 2
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Figure 7-1 Projected electricity costs for the CRA and retail system used in Scenario 2. An additional cost due
to a 2.2% reduction in hydropower due to reduced flow along the Colorado River is assumed (gray). Cost
jump in 2017 is due to assumed changes to the contract for Hoover power and to the Metropolitan-SCE
contract terms (e.g., loss of banking capability; see also Section 4). See Appendix G for source references and
assumptions associated with this figure.

The costs shown in Figure 7-1 are dominated by the CRA, so to further analyze the
impacts on retail electricity bills, Figure 7-2 isolates the expected costs for treatment
plants and other retail electricity use. The increase in power costs in 2014 is due to
ozone coming online at the Weymouth plant.
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Figure 7-2 Projected retail
electricity costs at
treatment (green) and
other retail facilities (red)
for Scenario 2.
Anticipated future projects
(e.g., ozonation) will by
2040 nearly double
current ($5 million/year)
WTP retail electricity
expenditures. This
suggests that controlling
electricity demand at the
WTP’s will be important
very soon and into the
future. See Appendix G
for source references and
assumptions associated
with this figure.
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Hypothetical Retail Electricity Cost Projection – Scenario 2
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D. Scenario 3 –
The “Regulatory-Driven Change” scenario considers typical levels of technology
“Regulatory-Driven advancements, a continuation of the existing climate variability and associated
water supply, but considerably higher levels of regulatory issues that will impact
Change”

District and supplier operations. The regulatory issues will include both State and
Federal legislation currently under consideration. The new regulations to be
evaluated will be selected from those currently being discussed by Congress, or the
Legislature, or proposed by a “significant” non-government organization. Although
the final selection of potential regulations might seem arbitrary, the intent is to
select those regulations that are either likely or feasible to be enacted and
implemented and have direct impact on Metropolitan energy budget or operations.
A detailed explanation of all specific scenario assumptions is located in Appendix G.

1. Driving forces

Section 6
Response Options for
Power Cost and Carbon
Control
Section 7
Forecast Scenarios
Section 8
Conclusions and
Recommendations

a) Technology
Increase in price of fuel due to market based responses.
In this Scenario regulatory changes will drive increasing electricity prices; however
electricity costs are not exempt from the market pressures which drove the
increasing electricity costs in Scenario 2. In this Scenario, market-based drivers will
form the baseline for electricity prices (Figure 5-3 and 5-4) and regulatory impacts
will alter that baseline.
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b) Regulatory
There are several ways that regulatory constraints and drivers could significantly
impact future energy prices. A cap-and-trade program will be implemented under
AB-32 and in this Scenario it is expected that carbon prices will be significant. In
addition, it is assumed that an RPS standard of 33% by 2020 is expected to raise
retail electricity prices. Metropolitan is directly regulated under AB-32. This would
make their direct emissions and emissions from imported electricity subject to the
cap-and-trade program.
Metropolitan directly regulated under AB-32

The cap-and-trade program that will be adopted under AB-32 will initially apply to
entities with direct emissions over 25,000 tonnes CO2e and first importers of
electricity. In this scenario it is assumed that the cap-and-trade program enacted
will result in high allowance prices and will affect Metropolitan both directly and
indirectly. Indirect impacts include higher retail and in-state wholesale electricity
prices as producers pass the costs of allowances onto consumers. In this scenario,
the indirect impact of AB-32 is analyzed separately for wholesale power and is
combined in the overall analysis of retail power. For assumptions regarding how
high allowance prices will affect electricity prices, see Appendix G. Direct impacts
include the need to purchase allowances to cover emissions associated with
imported electricity. For the purposes of this scenario, it is assumed that
Metropolitan imports 70% of its non-hydro or benefit energy purchased to meet
CRA load. This results in imports of off-peak wholesale power of 590 GWh per year
until 2017 and 862.5 GWh after 2017. While power from Hoover is technically
imported, it is assumed that power from large hydro facilities will continue to be
considered carbon neutral.
A carbon intensity must be assumed for imported electricity in order to determine
the quantity of allowances needed for a given quantity of electricity. CAISO
recommends using 1,100 pounds (lbs) CO2e per MWh (CAISO, 2007). Using this
factor and the assumptions of this scenario, Metropolitan would be responsible for
206 thousand tonnes CO2e annually until 2017 after which Metropolitan would be
responsible for 301 thousand tonnes CO2e annually (see also Appendix G).
No new RPS Standards

Current RPS standards dictate that 33% of retail electricity will be from renewable
sources by 2020. The expected costs of implementing the 33% RPS standard by
2020 will be 7% higher under the 33% RPS standard in comparison to the 20% RPS
standard (Gillette, et al., 2009). This scenario assumes that the increase in cost is
directly and evenly distributed among customers, and that starting in 2010
electricity prices will be 7% higher than the projected baseline. The 7% increase is
assumed to continue through the time period analyzed because capital costs
associated with added renewable generating capacity will be paid off beyond the
date set by the RPS goal. Since RPS standards only apply to retail electricity, this
price increase will only affect Metropolitan’s retail facilities and will not affect
energy related to the CRA.
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c) Climate
No climate change-driven water level change

The climate change conditions of Scenario 2 are assumed to hold constant for this
Scenario. Climate change is not expected to reduce Metropolitan’s water
allocations, and deliveries of 1.05 maf can be expected through 2040. Based on
internal modeling results, even under a no climate change scenario, reservoir levels
are expected to decline and a 2.2% reduction in Hoover hydropower availability is
modeled to occur by 2040. For a more thorough discussion of assumptions related
to climate change, see the discussion on climate change conditions under Scenario
2.
While the impacts of a 2.2% reduction in Hoover hydropower allocation are
expected to be small, it would still force Metropolitan to purchase replacement
energy at wholesale rates at $0.08-0.18/kWh wholesale vs. $0.015-0.02/kWh
Hoover rate (prices from 2010-2040). Note that the wholesale rates in this scenario
are expected to be higher than in Scenario 2 due to the impact of direct regulation
by AB-32 and assumed high carbon prices.
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2. Cost impacts
Based on the above model and assumptions, Metropolitan’s cost of electricity
jumps 26% in 2012 with the advent of a cap-and-trade program under AB-32
(Figure 7-3). The cost of electricity jumps by an additional 50% in 2017 due to the
assumed renegotiation of the WAPA contract (with current allocation reduced 5%)
and the expiration of the SCE contract (see also Section 5). In addition to the
reduction in Hoover power assumed to occur in the renegotiation of the WAPA
contract total Hoover hydropower availability is assumed to decline 2.2% by 2040
due to projections of slightly reduced reservoir levels. The added cost of the 2.2%
reduction is shown as the gray bar in Figure 7-3 and is expected to have minimal
impacts on cost. The larger impact of direct AB-32 regulation (needed to purchase
allowances for imported electricity) in comparison to indirect AB-32 regulation
(increased electricity prices as in-state generators pass on costs of allowances) is
due in part to an assumption that 70% of non-Hoover/Parker/benefit energy is
imported.
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Hypothetical Electricity Cost Projection with Regulatory Changes
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Figure 7-3 Projected electricity costs for the CRA and retail system used in Scenario 3. An additional
cost due to a 2.2% reduction in hydropower due to reduced flow along the Colorado River is assumed
(gray). Cost jump in 2017 is due to assumed changes to the contract for Hoover power and to the
Metropolitan-SCE contract terms (e.g., loss of banking capability; see also Section 4). Direct AB-32
regulation (purple) refers to purchasing carbon allowances for imported electricity. Indirect AB-32
regulation (orange) refers to pass-through costs related to carbon allowances for in-state electricity.
See Appendix G for source references and assumptions associated with this figure.

The costs shown in Figure 7-3 are dominated by the CRA, so to further analyze the
impacts on retail electricity bills, Figure 7-4 isolates the expected costs for treatment
plants and other retail electricity use. The increase in power costs in 2012 is due to
enforcement of AB-32 and assumed high carbon prices. The increase in power costs
in 2014 is due to ozone coming online at the Weymouth plant.
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Hypothetical Retail Electricity Cost Projection in the Regulatory-Driven Scenario 3
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Figure 7-4 Projected
retail electricity costs at
treatment (green) and
other retail facilities
(red) for Scenario 3.
Energy costs in this
Scenario are projected
to exceed $20 million;
approximately 12%
higher than compared to
Scenario 2 (Figure 7-2).
Anticipated future
projects (e.g., ozonation)
will by 2040 nearly
double current ($5
million/year) treatment
plant retail electricity
expenditures. See
Appendix G for source
references and
assumptions associated
with this figure.
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E. Scenario 4 –
“Climate Change”

For Scenario 4 significant changes in long-term climate and short-term weather
patterns result in reduced Colorado River water deliveries to some and average
power availability to all, and are accompanied by aggressive technological and
regulatory moves geared towards addressing and adjusting to the new climate
paradigm. In this fourth Scenario, climate change and associated impacts on the
Colorado River and Southern California (i.e., decadal to semi-permanent drought;
see also Section 5) force regulatory and technological reactions over and above
current efforts. While it will take years to decades to know with certainty that the
climate moving forward is significantly different than that typical of the past, the
“Climate Change” scenario assumes that climate variability and associated drops in
CRA water supply will be evident beginning in 2029, and thus force technology and
regulations geared toward adapting to the new climate conditions to advance
rapidly. Immediate discussion is limited to climate change impacts distressing the
Colorado Basin and River system. Impacts to the power/water systems reliant on
Sierra Nevada snowpack and rivers in the Pacific Northwest are excluded from this
analysis, but California-specific affects on power systems and SWP operations are
mentioned in Appendix D as these will have follow-on impact on Metropolitan’s
overall operations.

1/12/2010 Board Meeting
7-13 Page

9-2
Energy Management and Reliability Study

Attachment 2, Page 131 of 288
December 2009
Metropolitan Water District
of Southern California

1. Driving forces
a) Technology
In this scenario technology advances will be driven by regulatory issues, profit
motive, and environmental concerns, and geared towards addressing the lack of
water (or lack of water when needed) and disruptions to the western states
electricity system due to decreased hydropower from dams throughout the
western United States. It is anticipated that technology changes related to energy
and water will be rapid due to heavy investment into research and development,
probably very costly, and likely fraught with dead ends.
Increase in price of fuel due to climate change drivers.
In this Scenario, climate change will drive increasing electricity prices; however,
electricity costs are not exempt from the market pressures which drove the
increasing electricity costs in Scenario 2, nor from the regulation-based drivers
which form the baseline in Scenario 3. In this Scenario, climate change affects
power availability due to losses of hydropower generation and water availability on
the Colorado River. In some years this reduction of power availability is forces
Metropolitan to purchase on-peak wholesale electricity to meet CRA load. It is
these changes in power availability and need that alter the existing energy cost
paradigm for CRA operations.
b) Regulatory
The regulatory conditions of Scenario 3 related to AB-32 and RPS requirements are
assumed to hold constant for this Scenario. A cap-and-trade program will be
adopted under AB-32 and Metropolitan will be expected to purchase allowances
for GHG emissions associated with imported electricity. High allowance prices are
presumed to prevail, and this will impact the cost of in-state electricity at both the
retail and wholesale levels. RPS requirements are maintained at 33% by 2020. For
a more thorough discussion of assumptions related to regulatory conditions, see
the discussion on regulatory conditions under Scenario 3.
c) Climate
Climate in the Colorado Basin

The Lees Ferry flow record
used to determine current
water delivery schedules and
maintain power generating
capabilities along the Colorado
River probably overestimates
River flow.

Based on the assumed reduction in natural flow, in 2040 there is a 2 percent
likelihood that Metropolitan would see a climate-related reduction in water
deliveries, a 55 percent likelihood of a possible interruption of Hoover power plant
energy generation, and the near-certain increase in grid electricity costs. As such,
Metropolitan should begin planning for these challenges now. Historical climaterelated data and downscaled global model projections universally point to
increased warming (1-2 °C) by 2040, and changed precipitation patterns in the
southwest U.S. with associated threats to Colorado River water and electricity
supplies (see Section 5 and Appendix D).
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Expect changes on the Colorado River.
Colorado River total flow measurements collected over the past one hundred years
at Lees Ferry, Arizona potentially overestimate River flow conditions, and do not
reflect additional higher temperature (1-2 ˚C by 2040) and reduced runoff (average
10-20%) conditions typically predicted by climate change models (Barnett and
Pierce, 2009; Rajagopalan et al., 2009; and references therein). As outlined in
Section 5 and Appendix D, the combination of dynamic climate model results,
actual runoff record, and 1,244 year history contained in tree ring data (Figures D-2
and D-3) provide an increased understanding of long-term River flow and Basin
climate systems. These data reveal that Basin droughts of 3-5 years are ubiquitous,
and mega-droughts lasting up 62-years have occurred (Figure D-3; Meko et al.,
2007). Global climate models downscaled for the Colorado Basin predict that by
mid-century sustained average temperature increases of 1-2 °C, shifts in duration,
volume, and timing of monthly inflows, and a likely reduction of 10-20% in overall
runoff. With no reduction in runoff (i.e., no climate change), there is a less than 4%
chance of depleting reservoir storage in any given year before 2027 (Rajagopalan et
al., 2009). In 2057, the risk increases to only 7.5%, and can likely be avoided with
good management. If a 20% reduction in runoff occurs by mid-century, the chance
of reservoir storage depletion is less than 9% before 2027. However, between 2027
and 2057 the probability of drying in a given year increases to 51%. Very aggressive
management lowers the probability to 33%. On this basis it is likely that current
scheduled Colorado River water deliveries will not be sustainable through the 21st
century, and will most likely begin to go unmet after 2025 (Barnett and Pierce,
2009; Rajagopalan et al., 2009).
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While in the near term Metropolitan is likely ensured water, and remains in a very
strong legal position, drops in reservoir water levels (specifically at Lake Mead)
could impact the timely availability of Hoover power and the prices of electricity
and water along the River. Given the consensus of predicted reductions in flow
(e.g., Table D-1) one can infer that by 2040 water and hydropower generation
capabilities along the Colorado River will be increasingly difficult to manage and
contentious – even with extraordinary management on the part of the USBR (see
additional discussion in Section 5 and Appendix D).
In this Scenario, Colorado River flow reductions of 20% are assumed, resulting in
hydropower reductions from Hoover prior to 2040. Metropolitan’s Water
Resources Group conducted modeling to determine the possible impacts of 20%
Colorado River flow reduction on total Hoover hydropower production. The results
of the preliminary model runs vary widely. To capture the variation in model runs,
scenario costs were projected for two cases: the average Hoover production of all
model runs (Figure 5-10 and 7-5) and a severe case specific model run that utilizes
1955 hydrology (Figure 7-5).
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Figure 7-5 Hoover
power generation model
case results derived from
CRSS hydrology model
runs conducted by
Metropolitan’s Water
Resources Group. Both
cases assume a 20%
reduced runoff and
reflect application of the
1955 hydrology
sequence (triangles) or
aggregate average
sequence derived from
all model runs (crosses;
cf. red line with triangles
in Figure 5-10).
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The amount of power received by Metropolitan from the Hoover dam was based
on the expected total Hoover production under the average and severe cases,
Metropolitan’s 28.5% allocation through 2017, and an expected 5% allocation
reduction after 2018.

2. Cost impacts
Based on the assumptions regarding climate change and power costs in this
Scenario, Metropolitan’s cost of power is projected to increase to $350 million by
2040 under the average of all model runs with 20% runoff reduction and over $410
million by 2040 assuming 1955 hydrology. This includes an increase in costs in 2012
due to adoption of a cap-and-trade system beginning in 2012. Costs also jump in
2017 due to the expiration of the Service and Interchange Agreement with SCE.
Under the 1955 hydrology condition, steep reductions in Hoover power availability
occur in 2017 drastically increasing costs to $191 million, an increase of
approximately $60 million in comparison to assuming the average of the model
runs. The larger impact of direct AB-32 regulation (needed to purchase allowances
for imported electricity) in comparison to indirect AB-32 regulation (increased
electricity prices as in-state generators pass on costs of allowances) is due in part to
an assumption that 70% of non-Hoover/Parker/Benefit energy is imported.
Metropolitan’s cost of retail power is isolated in Figure 7-6.
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Hypothetical Electricity Costs with Climate Change – 1955 Hydrology
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Figure 7-6 Estimated
expenditures for
electricity for Scenario 4.
Electricity cost values
presented apply to the
“severe case” with
climate change (i.e., 20%
runoff reduction; 1955
hydrology; cf. Figure 75). For comparison
purposes, total costs
assuming the less severe
aggregate average
Hoover power
availability case also
shown (see also Figure 75). Both cases assume
20% runoff reduction.
See Appendix G for
source references and
assumptions associated
with this figure.
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Section 8

Conclusions and
Recommendations

Metropolitan’s core mission is to deliver a reliable water supply in an
economically and environmentally responsible way; Metropolitan also has a
stewardship role in the region, driven by assisting the public good in its planning
and operations approach. This study recommends policies and strategies to
optimize these goals in the face of new regulations and climate change. This report
has a long-term strategic planning horizon and best serves Metropolitan as a living
document that grows as the results of this first study come to fruition and new
drivers develop.
Recommendations outlined in this plan are impacted by many factors, including
future regulations, economic conditions, fuel prices, water supplies, and technology
development. The impact and timing of these factors is dynamic, therefore, the
timing of recommendations is difficult. However, recommendations can be
classified as:
1.
2.
3.

Immediate (within the next two fiscal years, 2010/11, 2011/12)
Near-term (within next 5-10 years)
Long-term (2020-2030)

There is higher confidence in the outcomes and benefits of immediate and nearterm actions because there is more certainty in the factors of influence. Long-term
horizons can be impacted by future decisions and factors that are difficult to
predict at this time. However, trends indicate that in the long-term there are
significant price and reliability risks to Metropolitan that are not easily mitigated
unless action begins in the near term.

A. Major Conclusions

“…if by 2026 the
detection of changing
climate confirms
incipient 20% reduction
in annual average flow
due to a climate change
signal, then the policy
options available may
be limited in their
ability to mitigate the
large risk”...to
hydropower resources
along the Colorado
River.
- Rajagopalan et al., 2009

In order to develop an energy strategy to protect against future price volatility and
changing energy regulations, this study evaluated Metropolitan’s energy portfolio
and historical energy usage, future energy and GHG-related regulations, and factors
that can impact the future price of energy. This comprehensive evaluation of
energy markets and drivers, and the potential impact to Metropolitan’s operations
revealed a number of significant conclusions. These impacts will not be felt by
Metropolitan in the next five years (assuming current drought conditions abate),
but there are significant changes that are projected to occur within 10 years and
beyond.
The following list summarizes the major conclusions drawn from this study:
•

A 100% increase in CRA energy costs is expected by 2017 based on a 5%
loss of Hoover power and the expiration of the Service and Interchange
Agreement with SCE.

•

Low-cost hydropower availability for CRA operations is tied to Colorado
River reservoir supply; the lowering of reservoir levels along the Colorado
River due to climate change and/or naturally-occurring drought will reduce
power availability.
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•

Implementation of GHG regulations as prescribed by CARB will drive
overall energy prices up in the 2012 to 2016 time frame.

•

Basic fuel costs and energy prices increase over and above historic trends,
and display increased volatility.

•

Recently, approximately 85% of Metropolitan’s overall power costs are
from the SWP; there is a need to also address risks associated with the
SWP’s future power costs.

•

Potential regulation of large hydropower facilities presents significant cost
risk.

B. Master Planning
Reliability, market volatility and economic conditions, regulatory and legislative
pressures, and environmental stewardship to protect and preserve our natural
Metropolitan’s
has impacted the cost of energy in the recent past and is expected to
Long-Term Energy resources
continue to place upward pressure on the cost of energy. In the past, energy was
Goals: Reliability, considered as one component of operating expenses associated with the purchase,
treatment, and delivery of Metropolitan’s core mission of delivering a reliable
Economics,
supply of high quality water at an economical price. Energy represented a small
Regulations, and
fraction (less than 8%) of the total operating expense; and as recent as the late
Stewardship
1990’s was considered abundant, reliable, and relatively inexpensive. However, the
projections for energy in the scenarios presented in Section 7 represent various
potentially damaging effects on Metropolitan’s operations, from both an economic
and reliability perspective. This price-of-energy growth is likely to occur gradually
in the immediate term (next two years), is reasonably predicted to accelerate in the
near term (next 10 years), and quite possibly spike in the long-term due to a
complex matrix of factors including regulations, technology changes, and climate
change impacts.
Energy is a large component of water delivery and is a significant contributor to
Metropolitan’s carbon footprint. By addressing long-term energy management
now through master planning activities, Metropolitan can prepare and mitigate for
long-term power cost increases, as well as potentially meet policy goals consistent
with Metropolitan’s SPP. The projected spike in energy costs (related to
regulations, technology changes and climate change impacts) are likely to push
power operating expenses to between 15% and 25% of Metropolitan’s annual
operating budget over the next 20-30 years. These dramatic energy price
increases, unless mitigated through energy master planning enacted in the nearterm due to long project lead times, could impact Metropolitan’s water rate
structure, long-term plans for local water resource expansion (e.g., desalination
and recycled water), and overall financial stability.
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The SPP policy goals brought forth to Metropolitan’s Board in July 2009
contained aggressive, yet attainable renewable energy goals that were
primarily focused on greenhouse gas reductions and carbon neutrality.
However these policy goals included substantial annualized capital costs to
attain a phased carbon neutral policy across Metropolitan’s operations. The
EMRS does not presently cost-justify the adoption of the SPP goals in the
immediate-term due to the continued low cost of existing power resources,
but does identify numerous scenarios that could occur over the planning
period that would justify the adoption of new policies. These policies are
identified herein as the 2010 Energy Management Master Plan (EMMP) Policy
Goals. Staff has prepared the EMMP goals in recognition of the upward
pressure on costs caused by the expiration of advantageous contracts, evolving
power markets, and increased regulatory pressure to reduce GHG emissions.
These policy goals are important in that they represent long-term planning
guidelines that will better prepare Metropolitan for an environment in which
the reaction to GHG regulations negatively impacts water supply, fuel costs,
and power prices.
The overriding objectives of the Energy Management Master Plan Policy Goals state
that all programs, projects, and initiatives related to strategic energy management
must meet the following major objectives:
•

Cost Containment – must provide hedge against power cost increases that
affect Metropolitan’s operational costs.

•

Must reduce exposure to energy price volatility.

•

Must increase operational reliability.

•

Moves Metropolitan toward carbon neutrality and energy self-reliance.

Staff recommends adoption of EMMP policy goals as outlined below. Staff has
identified accompanying policy guidelines that identify economic and
environmental criteria. In addition, a policy Energy Master Plan Road Map
identifies trigger points, with cost levels and regulatory actions that would prompt
the need to take decisive action to contain cost, increase reliability, and promote
carbon neutrality. The policy guidelines and a Road Map, attached to the end of
this section, focus on trigger points identified later in this section that would allow
Metropolitan to attain the goals in a cost-effective manner as the trigger points are
reached. Staff recommends that these policy guidelines be adopted – with the
caveat that any programs, projects, contracts, and/or agreements be brought
forward to the Board on a case-by-case basis for approval.
Adoption of the policy goals, and the policy guidelines, combined with the guiding
Energy Policy Principles adopted in 2008, would allow Metropolitan to define and
move towards attainable energy cost control and greenhouse gas reduction
measures through a master planning process. The trigger points defined in the
EMMP process consider overall cost risks to Metropolitan, as well as regulatory and
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legal risks, while also acknowledging the value of Metropolitan’s stewardship role
in maintaining a reliable, low-cost water supply in an environmentally and
economically responsible way.
Energy Management Master Plan Policies:
•

Regulatory: Manage and track Federal and State greenhouse gas
regulations to hedge against price and regulatory risks towards
Metropolitan.

•

Legislation: Pursue legislation to increase net metering, feed-in-tariffs,
energy wheeling, or other means to allow expansion of renewables.

•

Contracts: Maintain maximum flexibility on existing and future contracts
with Hoover and other energy contracts to hedge against cost and
regulatory risks.
Revenue Stream: Pursue revenue stream renewable energy facilities on
operational lands to assist in cost containment, provide reductions in
carbon footprint, and provide hedge against RPS regulations.
Projects/Partnerships: Pursue cost-effective renewable energy projects
and partnerships to hedge against energy price increases, regulatory risks,
and move Metropolitan towards carbon footprint reductions.

•

•
Section 1

•

Preamble
Section 2
Executive Summary
Section 3
Introduction
Section 4
Motivation and Baseline
Operations
Section 5
Future Market and
Regulation Conditions
Section 6
Response Options for
Power Cost and Carbon
Control
Section 7

D. Recommendations
for Consideration

Carbon Footprint: Develop projects and programs to reduce
Metropolitan’s carbon footprint at the retail level in 2015 by 50%, at the
retail level in 2020 by 100%, and at both retail and wholesale levels in
2030 by 100% (carbon neutral).

Immediate actions (fiscal years 2010/11, 2011/12)

There are immediate actions that can be taken within the next two years which are
consistent with the EMRS goals, and support the suggested policy goals, guidelines,
and principles. These actions require short time frames to implement (1-2 years).
These recommendations are cost-effective, economically feasible and are the
beginnings of a comprehensive energy management strategy.
•

Create an energy management office within Metropolitan to coordinate all
energy planning, development and oversight activities in order to make
certain that all energy activities are consistent with EMMP policy goals,
guidelines and the 2008 guiding principles.

Forecast Scenarios
Section 8
Conclusions and
Recommendations

−

Energy and the policy goals touch all aspects of Metropolitan including
operations, engineering, water resources, real property, finance, legal,
legislative, and regulations. For this reason, an energy management
office is recommended to develop and oversee the strategic energy
plan. Projects and operations do not have to be managed by the
energy management office, but would be included in decision making
as it pertains to energy and the long-term policy goals.
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−

Funding sources may
exist to support energy
efficiency:
Participation in SCE
and/or SDG&E energy
efficiency incentive
programs may be possible
(specific performance
incentive and Savings by
Design programs), which
will pay up to $0.5 million
per project to implement
energy efficiency
improvements (minimum
of 10% above Title 24
compliance levels).
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Track and develop legislation that will impact both the energy market
in Southern California and Metropolitan.
o

SB-1 and AB-32.

o

Governor Executive Orders.

o

State and Federal renewable energy legislative initiatives.

o

Promote large hydro as a renewable resource in legislative
actions; ensure that existing small-hydro facilities remain in
renewable category.

−

Track and apply for Federal and State funding as appropriate (e.g.,
Federal stimulus funding, CSI, DOE grants, etc.).

−

Partner with regional energy providers (e.g., SCE, LADWP, DWR,
Riverside Public Utilities) and energy industry groups (e.g., SCPPA) to
develop partnerships and projects that promote sustainable
renewable energy projects in a cost-effective manner.

−

Develop a section of Metropolitan’s web site dedicated to reporting
on its stewardship roles, energy management and carbon emission
reduction efforts.

•

Attempt to resolve impediments related to the legal use of 32 Act Lands
and use of existing real estate for revenue-generating energy projects.

•

Construct 10 MW of solar facilities at WTPs, per the Plant-wide Solar
Feasibility Study and Preliminary Design Draft Report.

•

Upgrade the 10 MW Yorba Linda Hydropower Plant to meet all Diemer
WTP loads.

•

Begin the design of four new small hydroelectric generation plants with a
total capacity of 7 MW (per draft report of the Hydroelectric Plant
Feasibility Study).

•

Complete activities required to enter into partnerships with SCPPA and
other energy organizations, and work actively with entity members to
address energy-related risks and master-planning activities presented in
this report.

•

Enter into partnership with SCPPA to develop 50-100 MW renewable
energy project that will provide supplemental power along the CRA.

•

Partner on 50-100 MW renewable energy projects along CRA utilizing cost
competitive PPA’s below $100/MWh.
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•

Efforts should be undertaken which improve efficiency and conservation at
all Metropolitan facilities. Design and build new (and retrofit existing)
facilities, whether occupied or not, to achieve energy efficiencies of at
least 50% over California Building Code Title 24 standards with a goal of
achieving zero net energy within five years. In many instances the most
cost-effective option with regard to energy management is efficiency and
conservation. Metropolitan has numerous facilities that consume large
amounts of energy.

•

Proceed with updated comprehensive energy audits at all Metropolitan
facilities and identify potential operational improvements.

•

Proceed with energy-related efficiency and conservation projects at
Metropolitan’s facilities as well as demonstration projects at
Metropolitan’s Union Station Headquarters Building.

Metropolitan’s Headquarters building is a focal gathering point for major political
and industry leaders, as well as the general public. The attention and publicity
generated at this facility creates an ideal setting to showcase, demonstrate, and
educate the public and policy makers regarding energy-related issues and
technologies. Demonstration projects also allow Metropolitan to evaluate and test
new and emerging technologies. A list of potential projects is listed below:
Section 1
Preamble

•

Develop comprehensive plan for Union Station campus partnership with
MTA/Pro-Logis.

•

Perform a shading analysis of all potential solar sites on the entire Union
Station complex.

•

Investigate the use of turbine waste heat for pre-heating water for the
Union Station Headquarters building hot water system.

•

Fund projects that are identified to achieve a LEED ranking for the Union
Station Headquarters building such as retrofit of parking garage lighting.

•

Continue development of partnership with SCPPA with the intent that
research would be done through them to analyze Metropolitan’s
headquarters power rate structure and existing HVAC system to determine
the cost-effectiveness of adding a thermal energy storage project.

•

Proceed with updated comprehensive energy audits at the Union Station
Headquarters building and identify energy efficiency, process
improvement upgrades, and other potential operational recommendations
to reduce energy consumption.

Section 2
Executive Summary
Section 3
Introduction
Section 4
Motivation and Baseline
Operations
Section 5
Future Market and
Regulation Conditions
Section 6
Response Options for
Power Cost and Carbon
Control
Section 7
Forecast Scenarios
Section 8
Conclusions and
Recommendations
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While Metropolitan does not have direct control of energy management decisions
associated with the SWP, as the largest stakeholder it can work to collaboratively
influence SWP capital and operating decisions and practices.
•

Proceed with developing a strategy for addressing energy risks associated
with the SWP.

•

Work more closely with DWR in developing the strategy associated with
the SWP.

Near-term actions (within next 10 years)
•

Begin construction of four new small hydroelectric generation plants with
a total capacity of 7 MW (per draft report of Hydroelectric Plant Feasibility
Study).

•

Negotiate new small-hydroelectric contracts to maintain flexibility to
retain environmental attributes in the form of Renewable Energy Credits
(REC’s) and renegotiate (if applicable) existing hydroelectric contracts on
an as-needed basis to retain all REC’s.

•

Perform conceptual evaluation studies for utility-scale solar and wind
facilities on Metropolitan property.
−

Install wind data-logging systems necessary to determine site
feasibility.

•

Install additional 10 MW of solar at Lake Skinner.

•

Install 70 MW solar facilities: Foothill Power Plant, Etiwanda Power Plant,
DVL, Lake Mathews, Eagle Valley, and Arrow Highway.

•

Participate in SCPPA/others “Evergreen”–type projects/partnerships.

•

Develop other candidate projects as shown on the attached Energy Master
Plan Road Map (attached at the end of this section) as needed and on a
project-by-project basis.

Long-term actions (2020-2030)
As outlined in Metropolitan’s 2010 Energy Management Master Plan Policy, longterm actions will be defined by various trigger points that will dictate appropriate
response measures by Metropolitan. Long-term energy management goals are to
control energy costs, strive for energy self-reliance, and become carbon neutral.
In order to accomplish these goals, staff will actively manage the Energy
Management Master Plan – as specific trigger points appear on the horizon, staff
will return to the Board to outline programs, projects, and initiatives to meet the
long-term goals.
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Potential candidate projects and programs to control costs and reach carbon
neutrality include:
•

E. Trigger Points
Impacting the
Future, and
Proposed Actions

Partner/construct 100-200 MW renewable energy projects along the CRA
utilizing economies-of-scale for capital purchase or market-competitive
PPA’s. Candidate sites would serve large load-consuming pumping plants
24/7.

The scenario analyses presented in Section 7 are impacted by numerous factors
related to regulations, technology, water and energy supply, and impacts of climate
change. These factors can be seen as trigger points that will determine the
direction of the energy market and its impact to Metropolitan in the future. The
magnitude, nature, and timing of these trigger points will result in different
responses actions for Metropolitan in the long-term. These trigger points should
be continuously monitored to evaluate the potential timing, magnitude, and
probability of occurrence, and new trigger points identified with time. A list of
potential trigger points that will impact the energy market, and potential response
actions, is listed below.
•

Section 1

Metropolitan becomes regulated under AB-32 and/or State or Federal RPS
standards.

Preamble

−

Renegotiate existing small hydro to retain REC’s.

Section 2

−

Retain REC’s from solar facilities.

−

As renewables approach grid parity prices, plan and develop new
renewable energy facilities on Metropolitan properties via PPA or
capital purchase (Note: Dependent on changes to and nature of net
metering laws, wheeling, and/or exchange agreements, etc. at that
time).

−

Purchase carbon credits/allowances (if needed) as an interim step for
reducing direct and indirect emissions.

Executive Summary
Section 3
Introduction
Section 4
Motivation and Baseline
Operations
Section 5
Future Market and
Regulation Conditions

•

Net metering law is expanded from 1 to 10 MW or more.
−

Section 6
Response Options for
Power Cost and Carbon
Control
Section 7
Forecast Scenarios
Section 8
Conclusions and
Recommendations

•

Construct renewable energy facilities on Metropolitan property
adjacent to Metropolitan facilities and can utilize the energy (i.e.,
WTPs, pumping plants, Union Station Headquarters, etc.) to net meter
annual use to zero.

Virtual net metering is allowed or expanded.
−

Construct renewable energy facilities on Metropolitan property to
reduce retail electricity purchase at other facilities.
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Wholesale electricity prices associated with regulations increase
dramatically.
−

Consider partnerships with energy providers for long-term, lowcarbon, lower-cost energy.

−

Consider PPA’s for renewable energy projects.

−

As renewables approach grid prices, Metropolitan to construct largescale power plants to serve own load.

−

Lobby for regulatory change/acquire reversionary rights to 1932 Act
lands in order to be able to partner with a renewables energy provider
to lease Metropolitan land and secure access to long-term energy
sources to offset Metropolitan energy consumption.

As described earlier in this report, long-term energy pricing and volatility in the
energy market is dynamic and prone to potential dramatic shifts associated with
laws, regulations, technological changes, and numerous other factors.
To this extent, Metropolitan needs to actively track and monitor long-term energy
pricing, laws, regulations, funding mechanisms, and technological advances through
the Energy Management Program in order to effectively manage long-term power
resources and attain operational cost control.
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Energy Master Plan Road Map
Energy Reliability, Cost Containment, and Carbon Neutrality
PHASE

1

TIMEFRAME

2010−2015

TRIGGER POINTS
Energy / Carbon Related Regulatory
Energy Market Triggers
Triggers
− AB-32 Regulation becomes
applicable to Metropolitan
(i.e., must reduce GHG emissions,
both direct and indirect)

− Increase in net metering or virtual
net metering limitations allowing
expansion of renewables and
storage on grid

− Renewable Portfolio Standards
(RPS) hits 33% by 2020

− Re-institution of direct access or
− CRA energy costs increase from
energy wheeling allowing
$23 M in 2009 to nearly $30 M
Metropolitan to develop renewables
in 2015 due to loss of benefit
and sell to market
energy

− Phase 1 trigger points occur:

− Hoover contract ends; loss of up to
5% low-cost Hoover contract

AB-32 Regulation becomes
applicable to Metropolitan
(i.e., must reduce GHG emissions,
both direct and indirect)
2

2015−2020

COST IMPLICATIONS
to Metropolitan

− RPS hits 33% by 2020 and
Metropolitan becomes regulated
− Carbon price hits $60/ton

− Loss of Supplemental SCE power
contract on CRA – Metropolitan
supplemental energy costs increase
− Cost for larger scale solar or wind
power reach parity with
retail/wholesale rates due to
technological advancements and
market pricing reductions

− Annual energy operating costs
increase 15-20% due to indirect
impacts to energy prices related
to regulations

METHODS OF COST
CONTAINMENT

− Construct solar power facilities
at WTPs
− Construct new hydroelectric
facilities within distribution
system
− Partner with regional energy
providers or groups to develop
competitive power purchase
agreements

− Overall CRA annual energy
− Construct large-scale solar or
operating costs increase 100%
wind power facilities at
due to Hoover contract
candidate sites within
reductions, expiration of the
Metropolitan’s distribution
Service and Interchange
system
Agreement with SCE, and
− Partner with regional energy
indirect impacts to energy prices
providers or groups to develop
related to regulations
competitive power purchase
agreements

CANDIDATE PROJECTS

− 10 MW of solar at water
treatment plants to reduce
behind-the-meter consumption
− 10 MW Yorba Linda Power Plant
conversion to meet all load at
Diemer

3

2020−2030

AB-32 Regulation becomes
applicable to Metropolitan
(i.e., must reduce GHG emissions,
both direct and indirect)
− RPS Standards hit energy industry:
50% by 2030, 80% by 2050
− Wholesale electricity hits
$200/MWh
− CO2 price hits $160/ton

− Reduction of Hoover power supply
due to climate change, i.e., water
supply cannot drive hydroplant
turbines at full load
− GHG emissions from artificial lakes
and reservoirs included in cap-andtrade; price of Hoover/Parker power
increases

− Overall CRA annual energy
operating costs increase
skyrocket – affecting water rate
structure

− Construct large-scale solar or
wind power facilities at
candidate sites along
Metropolitan’s CRA

− Annual retail energy costs for
water treatment plants and
other retail facilities baseline at
$10 M annually (2008 costs =
$9 M)

− Achieves a 50% carbon
reduction across
− Construct 7-10 MW small hydro
Metropolitan’s purchased retail
facilities along distribution system
power supply
− SCPPA “Evergreen”-type
Projects/Partnerships
− Partner on 100 MW renewable
energy projects along CRA
utilizing cost competitive PPA’s
below $100/MWh
− Install additional 10 MW of solar
at Lake Skinner
− Install 70 MW solar facilities:
Foothill Power Plant, Etiwanda
Power Plant, DVL, Lake Mathews,
Eagle Valley, and Arrow Highway
− SCPPA/others “Evergreen” –type
Projects/Partnerships

− Phase 1 and 2 trigger points occur:

ENERGY COSTS & CARBON
REDUCTION RESULTS

− Partner/construct 100-200 MW
renewable energy projects along
CRA utilizing economies of scale
for capital purchase or market
competitive PPA’s
− Candidate sites would serve large
load/consuming pumping plants
24/7

− Annual retail energy costs for
water treatment plants and
other retail facilities are
contained and grow at normal
rate of inflation
− Annual energy costs along CRA
are reduced by 10-20% from
projected post-2017 costs
− Achieves a 100% carbon
reduction across
Metropolitan’s purchased retail
power supply

− Annual wholesale and retail
energy costs are contained and
remain constant
− Achieves a 100% carbon
reduction across
Metropolitan’s entire
purchased power supply
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Appendix A

Historic and To evaluate future scenario conditions and energy costs associated with CRA
operations, mechanisms that will likely shape future fuel pricing in California and
Future
nationwide must be analyzed. While energy markets are local to regional in scale,
the fuels that sustain production are generally national in scope and subject to
Energy
open market conditions. California’s energy market and prices are both directly
indirectly affected by market dynamics at the national and international levels,
Pricing and and
so markets at all scales must be understood to model future trends in price. In this
section, the available records of historical price and use of electricity were
Drivers
analyzed, in addition to the two primary fossil fuels used by the power sector to
generate electricity – coal and natural gas. Our analysis includes data at both the
Analysis
United States and California levels. All prices are reported in U.S. dollars ($) unless
otherwise noted. We report dollar values in terms of nominal units (e.g., price paid
at that time). Electricity generation costs for built nuclear and hydro-derived
sources, and thus the prices passed along to consumers, are considered relatively
stable relative to electricity derived from fossil fuels. Also, the fuels consumed to
generate electrical power from nuclear and hydro sources are not governed by
standard markets. On these bases we exclude nuclear and hydro fuels from our
analysis, but note that both sources are explicitly embedded in the overall
electricity baseload and market/price data discussed herein. Hydropower in
particular is an important factor in mix of overall power costs in California. For
example, during prolonged droughts, electricity prices from non-hydropower
sources tend to rise to meet demand necessary to replace otherwise available lowcost hydro resources.
All historical data described in this section is compiled from the EIA, the Federal
agency responsible for statistical tracking within the DOE. Individual data sources
(e.g., reports) are cited both within the text and in the references cited section of
this report.

1. Coal
A. Historic Energy
Pricing and Drivers Approximately four trillion kWh of electricity were generated in the U.S. in 2007Analysis – United 2008 and of this, approximately one-half of all electricity (49.7%) was generated by
the burning of coal (EIA, 2008). Based on the current fleet of coal-to-electricity
States
facilities in the United States, 10,410 British thermal units (BTU) are required for
each kWh of electricity (NPC, 2007). At present, the U.S. electric power sector is
inextricably tied to coal fuel, and in fact consumed approximately 93% of all the
coal used in the U.S. (EIA, 2008). Coal is measured in the U.S. by short ton (ston)
and contains approximately 20 MMBTUs/ston (EIA, 2009d).

Prior to 1970 (shortly before the first U.S. oil crisis), prices of coal destined for
electric power generation hovered stably around $5/ston (Figure A-1). After 1970,
coal prices rapidly increased to a peak of $32/ston in 1982; after the 1983 recession
coal prices slowly and steadily declined to just under $24/ston in 2000. Since 2000,
significant price increases have pushed coal prices to historic highs. The price for a
ston of bituminous coal averaged just over $51 in 2008.
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U.S. Historical Bituminous Coal Price
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Figure A-1 1949-2008 yearly
average U.S. bituminous coal
prices (EIA, 2009e). The
price of coal destined for
electric power generation
was stable prior to 1970.
Prices rose rapidly from 1970
to 1982, reaching a peak of
$32/ston. After the 1983
recession coal prices slowly
and steadily declined to just
under $24/ston in 2000.
Since 2000, significant price
increases have pushed coal
prices to historic highs.
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It is clear that significant short-term, year-on-year price fluctuations are possible
(e.g., 1973-74; Figure A-1), and due to the coal-electricity linkage do directly
influence both power production costs and customer prices. In single year-to-year
instances, coal prices have increased as much as 84% and fallen as much as 23%.
The 23% decline occurred in the 2008-2009 period and is almost certainly the result
of slack demand due to widespread economic recession. Prior to this, the most
significant single year drop in prices during the period of record was 8% (1954;
Figure A-1). In general, analysis reveals that coal prices – like gasoline pump prices
– shoot rapidly upwards in response to market pressures, but take many years to
float downwards. California currently derives little (and diminishing) quantities of
its electricity via coal-fired power plants. The majority of California’s coal-derived
electricity comes from imported electricity, while most of the lower 48 states rely
heavily on coal as a primary source of electricity. If and when under a carbonregulated market these states move towards alternative fuel sources (e.g., natural
gas), the prices of electricity generation are certain to rise with demand (as a
function of incurred capital costs to replace/upgrade coal-fired plants and build
alternative fuel plants, and market price increases to match new demands on noncoal fuels). This is already starting to occur as plans for 161 of the 220 coal plants
planned or in permitting stages since 2001 have been cancelled (Woodall, 2009)
and the current construction pipeline for both wind and natural gas is greater than
for coal (Clayton, 2008). Thus California’s electricity price mix, now largely immune
from the direct and indirect effects of U.S. coal price fluctuations, will almost
certainly increasingly compete (and pay higher prices) for clean(er) electricity in a
world moving away from coal and/or carbon-based fuels for power generation.
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2. Natural gas
In 2008, 23,200,000 million cubic feet (MMcft) of natural gas was consumed in the
U.S., and of this volume 6,670,000 MMcft (approximately 29%) was delivered to
electric power producers (EIA, 2009f). Natural gas is measured by thousand cubic
feet (tcft) in the U.S. and contains approximately 1 MMBTU per tcft (EIA, 2009d).
Based on the current U.S. natural gas fired plat fleet average, it takes 7,920 BTUs to
generate one kWh of electricity (NPC, 2007).
The EIA only began reporting the gas-to-electric power sector consumer data in
1997, so to explore historical trends more fully we use the “industrial” end-use data
from EIA which extends back to 1967, and most closely reflects the wholesale price.
As shown in Figure A-2, U.S. industrial sector gas prices increased almost six-fold
from $0.34/tcft in 1967 to $4.18/tcft in 1983. Although already climbing at the
time, price rate-of-rise escalated after the 1973 U.S. energy crisis, and increased
again in response to the 1979 Iran hostage crisis and fears over supply
interruptions. Prices fell and remained generally stable after the 1983 U.S.
recession. Since the 1990 Gulf War, political instability, lack of infrastructure
expansions, and supply/delivery concerns, coupled with a move away from coal and
oil as fuels for power generation, have resulted in significant short time span price
fluctuations within an overall upward trend (Figure A-2). From 1967 to 2008
industrial gas prices show an average annual increase of 6.3% and a median
increase of 2.9%. Although gas prices fell in 2006 to 2007 in response to lower
global demand, 2008 average industrial gas prices reached approximately
$9.58/tcft, and moving forward are anticipated to resume the upward trend
temporarily interrupted by the global economic downturn.

U.S. Historical Industrial Natural Gas Price
12
$/thousand cubic feet

Figure A-2 1967-2008 yearly
average U.S. industrial
natural gas prices (EIA,
2009f). The price of natural
gas increased almost six-fold
from $0.34/tcft in 1967 to
$4.18/tcft in 1983. From
1967 to 2008 industrial gas
prices show an average
annual increase of 6.3% and
a median annual increase of
2.9%.
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The significance of these natural gas price data is threefold. First, significant
fluctuations due to external (with respect to the U.S.) market forces are almost
certain to be passed along to energy users reliant on power generated by burning
natural gas. Second, if historical natural gas prices trends prove to be indicative of
future price trends, industrial customers and the electric power sector will certainly
see prices increase over time, perhaps significantly. Third, if the U.S. responds to or
adopts moves to regulate or value price carbon emissions, and this results in an
increased reliance in natural gas as a coal-alternative (bridge) fuel source for power
production, the scale of this move will place strong upwards pressures on gas
prices. Although the exact magnitude of effects each of these three factors may
have on natural gas prices is unclear, all strongly indicate that prices will increase,
perhaps significantly, prior to 2040.

3. Electricity
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Historical U.S. retail electricity price data indicate that delivered prices in this sector
rose 537% on an absolute basis between 1960 and 2008, a simple average increase
of approximately 11% per annum (Figure A-3). The year-on-year average increase
is a more modest 3.3% with a median increase of 1.9%. These data also record
maximum single year-to-year price increase of 31% and decrease of 9%. As we
noted in the discussions of coal and natural gas, retail electricity prices saw their
first sustained upward ticks during the U.S. energy crisis of the early 1970s. At that
time a significant number of power generation facilities burned oil. Due in part to
oil price increases and concerns over stable supplies, these facilities were steadily
replaced with coal and natural gas-fueled generation plants, and at a rate far
exceeding the construction of additional nuclear and hydro capacity (EIA, 2009g).
The upward price trend of the 1970s was muted heading in to the 1983 recession,
but since 1999 has resumed climbing at a rate similar to that seen through the
1970’s (Figure A-3).
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Figure A-3 1967-2008 yearly
average U.S. industrial-class
retail electricity prices (EIA,
2009e). Industrial-class retail
electricity prices most closely
represent the amount that
Metropolitan would pay for
retail electricity at treatment
plant and distribution
facilities. Industrial-class
retail electricity prices saw
their first sustained upward
ticks during the U.S. energy
crisis of the early 1970's and
have been rising since 2000
after a period of relative
stability.
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1. Coal

B. Historic Energy
As of 2005, ten coal-fired electricity generation plants operated in California (EIA,
Pricing and Drivers 2009h) and produced only slightly more than one-half of one percent of the total
Analysis –
in-state generating capacity (EIA, 2009i). As of June 2009, all coal-fired facilities in
California were owned/operated by independent power producers or by selfCalifornia
generating industrial sector operators (e.g., combined heat and power) and
generated a combined-sector total of 173 thousand MWh (EIA, 2009i). In 2007,
California imported and consumed 2,779 thousand stons of primarily bituminous
coal, roughly two-thirds of which was consumed by the industrial sector operators
(EIA, 2009g). California relies on coal for approximately 2% of in-State production
of its 2008 energy demand (4,000 GWh) and 18% including imported power (CAISO,
2009). Due to the extremely low volume of in-state coal-derived power production
from the electricity sector, combined with the increasingly stringent regulatory
controls that encourage the closure of these facilities, further analysis of power
sector coal use within the State will provide little insight or value in the context of
this report. It should be noted that California-based power providers (e.g., SCE,
LADWP), while drastically reducing the portion of their total generation mix derived
from coal since 2006, continue to receive and deliver to their customers electricity
generated at out-of-state coal-fired generation stations. Thus, in turn U.S. coal
prices and the electricity derived from coal will indirectly continue to affect the
overall price of electricity in California.
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2. Natural gas
Natural gas-fired facilities form the backbone of power generation within
California; as of 2008 approximately 46% of the electricity consumed in California is
generated by burning natural gas (CAISO, 2009). For this reason, California
electricity prices and generation capacity are critically linked to natural gas markets.
Only 20% of the natural gas consumed in California is produced within the State;
the remainder of California’s natural gas supply comes from throughout Western
United States and Canada (SCE and 5 others 2008). Thus, California’s natural gas
supply is susceptible to both price fluctuations and delivery disruptions (e.g., after a
major earthquake).
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California natural gas prices to industrial customers have varied significantly over
short time periods (i.e., 1 to 5 years), but overall have increased from $0.35/tcft in
1967 to $10.71/tcft in 2008, an increase of 2,960% over that period (Figure A-4).
The natural gas price trend for California generally mimics the U.S. trend (See
Section 4), with prices relatively flat up to approximately 1973 and increasing eightfold over the next 11 years. Coming out of the 1983 U.S. recession, prices fell
approximately 33% and then remained relatively stable, but after 1998 began to
rise again. Between 1998 and 2008 California natural gas prices have steadily
increased outside of three brief price drops. Since 1967, California natural gas price
data yield a year-to-year increase on average of $0.25/tcft and a median increase of
$0.16/tcft. The maximum price increase seen over any two consecutive-year
period is $2.26/tcft, and the maximum decrease is $1.67/tcft. It should be noted
that both maxima occurred over successive years (i.e., a total change of $5.60/tcft)
and very recently (2001-03), a reflection of the change in natural gas market
fundamentals (i.e., increased demand, and supply/storage challenges) during the
past decade as well as California’s heavy reliance on natural gas coming out of the
2001 electricity crisis.
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California natural gas price fluctuations are generally well correlated with price
changes at the national level, but tend to be slightly more extreme (in both high
and low price conditions) than average U.S. prices (Figure A-5). Note also that
price fluctuations have been greater in magnitude since 2000 for both the State and
the U.S.; indicating greater variability in the current market versus the past. The
correlation of curve frequencies is quite good, especially since 1996, and is strong
evidence for broad linkage among markets (i.e., on the basis of price alone the
California natural gas market is fundamentally no different than the broader U.S.
market).
As our goal is to project California electricity price to 2040, and consumption in
California is closely linked with California electricity generation, we further probe
California’s historical natural gas data for underlying market trends that might
actively inform our California electricity price projections.
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Figure A-4 1967-2008 yearly
average California (diamond)
and U.S. (solid) natural gas
prices (EIA, 2001 and 2009f).
The natural gas price trend
for California generally
mimics the U.S. trend, with
prices relatively flat up to
approximately 1973 and an
eight-fold increase over the
following 11 years. Between
1998 and 2008 California
natural gas prices have
steadily increased outside of
three brief price drops. See
Appendix G for source
references and assumptions
associated with this figure.
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Figure A-5 Percent difference in Year-to-year in California (diamond) and U.S. (solid) industrial natural gas average
prices from 1967 to 2008 (EIA, 2001; EIA, 2009f). California price fluctuations are generally well-correlated with
price changes at the national level, but tend to be slightly more extreme (in both high and low price conditions)
than average U.S. prices. See Appendix G assumptions associated with this figure.
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Figure A-6 Yearly (a),
and 3-year (b), and 5yr (c) moving average
plots of California and
U.S. industrial natural
gas prices from 19672008 (EIA, 2001; EIA,
2009f). Dashed lines
in (a) and solid lines in
(b) and (c) represent
trendlines that yielded
largest R2 value. Stars
in (a) and solid
triangles in (b) and (c)
represent the
difference between
California and U.S.
prices. Moving
average analysis was
conducted to evaluate
and normalize effects
price spikes may have
had on overall trends.
California prices began
diverging from U.S.
average prices in 1970.
Price differences grew
through the 1970s but
since 1980 have
remained nearly
constant. See
Appendix G for source
references and
assumptions
associated with this
figure.
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Figure A-6a illustrates the relationship between the prices of natural gas in the U.S.
and California markets. U.S. and California price averages appear to be diverging
(i.e., that average California prices are increasing more rapidly than U.S. prices). In
fact, analysis of the average price difference between the two markets indicates
that California prices during the 39-year period of analysis have been on average
$0.66/tcft higher than average U.S. prices (solid green curve in Figure A-6a). In
addition, regression of these yearly price differentials shows that California
historical prices have trended upwards more rapidly (by approximately 2.7% in 39
years; an average of one-tenth of 1% per year) than U.S. average prices over the
same period (Figure A-6a). To investigate how much leverage, if any, individual
year price spikes (up or down; Figure A-5) could be influencing these price
differential trend results, the same analysis was performed using three and fiveyear moving averages. In both the three and five-year results (Figure A-6b and
Figure A-6c, respectively), California prices began diverging from U.S. average
prices in 1970, and that price differences grew through the 1970s but since
approximately 1980 have remained nearly constant. Regression of the three and
five-year price differentials yield 39-year increases of 2.7% and 2.6% respectively,
and are consistent with the yearly data (2.7%; Figure A-6a) showing the 39-year
trend towards higher California natural gas prices relative to the nation.
California is heavily reliant on natural gas (e.g., for power generation, home
heating, etc.) and thus susceptible to a wide range of factors that can quickly push
gas prices up or down. Current (2009) gas prices are at near historic lows, largely
due to low demand coupled with new resource finds. However, this situation is
likely to be a temporal aberration, and that natural gas prices will resume their
recent long-term upward trend. That said, the baseline analysis shows: 1)
California prices are in general higher than U.S. average prices; 2) since
approximately 1980 have grown at a rate slightly higher than U.S. average prices; 3)
since approximately 2001 year-on-year price growth rate has increased to rates not
seen in nearly 30 years. Even with recent moves in California to increase power
generation capacity using renewable sources, it is highly probable that the state will
remain reliant on natural gas as a major fuel source through at least the next ten
years, and that upward price pressures will continue. At the same time, it is
anticipated that concern over anthropogenic carbon emissions will result in
regulatory and or market-driven pressures that will in the short term (i.e., 5 to 10
year) encourage the use of natural gas as a “cleaner” alternative to coal. The added
demand resulting from the predicted widespread conversion to natural gas will
introduce additional strong upward price pressures on natural gas markets that will
ripple through the electric power industry.
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Figure A-7 Yearly average
California industrial-class
retail electricity prices from
1970-2008 (EIA, 2009j; EIA,
2009k). Overall California
prices have risen from
¢0.99/kWh in 1970 to
¢9.54/kWh in 2008.
Significant year-to-year price
fluctuations seem to be more
common relative to the pre2000 trends. See Appendix
G for source references and
assumptions associated with
this figure.
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3. Electricity
As discussed above, California currently generates about 46% of its electricity at
natural gas-fired facilities and, while the price of natural gas continues to drift
upward with time, significant year-to-year price fluctuations seem to be more
common relative to the pre-2000 trends (Figure A-5). Similarly, overall California
retail electricity prices have risen from ¢0.99/kWh in 1970 to ¢9.54/kWh in 2008
(Figure A-7). The greatest increase in prices occurred during and after the energy
crisis in 1973, and during the 2000 California energy crisis. The trends in electricity
prices, especially after 2000, seem to be well-explained by the variations in natural
gas prices. To examine this hypothesis more closely, a comparison is done of the
state average retail price for electricity and industrial prices for natural gas from
1982 to 2008 (Figure A-8). In this comparison, a broad general agreement in the
overall pattern of price increases for natural gas and electricity is seen.
Although the overall trends of California natural gas prices and electricity prices
appear similar and reflect California’s reliance on natural gas as a power fuel
source, in detail there are instances when prices of these commodities appear to
move in opposite directions at a given time. It is believed that these variances
reflect a combination of pricing contracts acting to fix prices over a given time
period, the regulatory time lag required to re-price electricity, and a heightened
sensitivity of natural gas markets to forces external to California relative to its
electricity markets.
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Figure A-8 1970-2008
yearly average California
industrial-class retail
electricity (triangle) and
industrial natural gas
(diamond) prices (EIA, 2001;
EIA, 2009f; EIA, 2009j; EIA,
2009k). Overall trends of
natural gas and electricity
price appear similar and
reflect California’s reliance
on natural gas as a power
fuel source. See Appendix
G for source references and
assumptions associated
with this figure.
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Although California’s current electricity price market is closely linked to natural gas
prices, and there is a demonstrated close correlation between natural gas prices in
California and the U.S. (Figure A-6a), the correlation between electricity prices in
California and the U.S. appears to be growing weaker with time (Figure A-8).
While it appears for a majority of the time that U.S. and California electricity prices
are moving in the same direction (e.g., relatively flat from 1982 to 2000 and
increasing from 2000 to 2008), California retail electricity prices show significantly
higher variability and rate of increase (Figure A-9a). These price data suggest that
California’s electricity market fundamentals (e.g., drivers, prices) are somewhat
distinct from those influencing the broader U.S. market. We believe that this
observed variation is largely due to distinct historical differences in the mixes of
power generation fuels in California versus the U.S. – more specifically a reflection
of California’s reliance on natural gas as opposed to coal for a majority of the U.S. –
and in part due to differences in infrastructure (age and volume) and market
fundamentals (e.g., scale).
While historical U.S. electricity market price data do not appear to be a
straightforward proxy to then project California electricity price to 2040, additional
analysis of these national and state data do suggest a path forward with regard to
projecting California prices to 2040.
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Like natural gas prices, U.S. and California electricity price averages since 1970 are
both rising and diverging (i.e., average California prices are increasing more rapidly
than U.S. prices; Figure A-9a). However, average California electricity prices since
1970 have diverged significantly from those at the National level, and at a rate
much higher than natural gas prices have (Figure A-6a and A-9a). Over the 38-year
period since 1970, analysis of the average price difference between the two
markets indicates that California prices have been on average ¢2.1/kWh higher
than the average U.S. price (Figure A-9a). In addition, regression of these yearly
price differentials shows that California historical prices have increased more
rapidly (by approximately 10.3% over 38 years; an average or approximately threetenths of one percent per year) than U.S. average prices over the same period
(Figure A-9a).
These data indicate that California electricity prices have increased three-fold the
rate of California natural gas prices in roughly the same time frame (Figure A-9a
and A-6a). To investigate how much, if any, leverage individual-year price spikes
(up or down) might be influencing these trend results we perform an analysis using
three and five-year moving averages. Comparing the three (Figure A-9b) and fiveyear results (Figure A-9c) we see that average California electricity prices began
diverging from U.S. average prices in 1973 – the onset of the first U.S. oil crisis –
and that the California-U.S. price differential (i.e., divergence) continues to grow.
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Regression of the three and five-year price differentials yield 38-year increases of
10.4% and 10.2% respectively, and are consistent with the yearly data (Figure A-9a)
discussed previously.
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Figure A-9 Yearly (a),
and 3-year (b), and 5-yr
(c) moving average plots
of California and U.S.
industrial-class retail
electricity prices from
1967-2008 (EIA, 2009f;
EIA, 2009j; EIA, 2009k).
Dashed lines in (a) and
solid lines in (b) and (c)
represent trendlines that
yielded largest R2 value.
Stars in (a) and solid
triangles in (b) and (c)
represent the difference
between California and
U.S. prices. Moving
average analysis was
conducted to evaluate
and normalize effects
price spikes may have
had on overall trends.
California prices began
diverging from U.S.
average prices in 1973 the onset of the first U.S.
oil crisis – and that the
California-U.S. price
differential (i.e.,
divergence) continues to
grow. See Appendix G
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with this figure.
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1. National electric power sector fuel prices

C. Future Energy
Pricing and Drivers a) U.S. coal price forecast
Analysis
Assuming that U.S. carbon emissions remain largely unregulated/unpriced
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between 2009 and 2040, U.S. coal production is projected to grow 0.6%/yr, and
nominal coal prices to the electrical power sector are projected to linearly increase
approximately 41% (Figure A-10). Coal is very abundant in the U.S., and while costs
related to environmental impact and transportation are likely to result in coal price
increases, there is little concern that supply issues will lead to cost increases before
2040. As discussed above, as of 2008 coal fuel provides nearly 50% of the
electricity produced in the U.S. and nearly all coal mined in the U.S. is consumed by
the power sector (EIA, 2008). In their AEO 2009 (EIA, 2009b) reference case the EIA
coal price projection assumes coal production will grow to 2030 at less than
1%/year (Figure A-10), an average growth rate much more modest than in the past,
and that a majority of the growth is due to added electric production capacity in
the form of yet-to-be-built traditional coal-fired and carbon-to-liquid power plants.
Coming off the 2008 price high of $51.45/ston the EIA projects that average coal
prices will drop nearly $12/ston in 2009 (Figure A-10). While we use EIA AEO2009
price data as published, we note that first-quarter 2009 electricity sector coal prices
(the most recent available as of September 2009) average approximately $45/ston
and are about half that projected in the AEO2009 (EIA, 2009l). The AEO2009
projects that coal prices will recover after 2009 and increase through 2030, but will
not reach their 2008 price levels until approximately 2023. EIA’s case was used as a
base to project a 2040 coal price of approximately $68/ston (Figure A-10),
however, there are many factors that could significantly increase prices and a few
that could lead to price decreases in the long term. The most significant factors
that could drive prices higher than model projections are stringent environmental
regulation and/or penalties and costs associated with environmental legacy issues
within the coal industry, increased transport costs, and high global demand. The
primary future factor that could drive coal prices downward is a drop in U.S.
demand sparked by the heavy regulation of atmospheric carbon emissions and the
resulting decrease in the volume of coal required for electricity generation.
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With regard to coal and coal-fired electricity projections the EIA AEO2009 reference
case assumes that carbon sequestration methods will be developed and
implemented, and only includes the impacts of laws and regulations in effect
before November 5, 2008 (e.g., Energy Improvement and Extension Act of 2008,
Regional Greenhouse Gas Initiative, etc) (EIA, 2009c). It is highly likely that
concerns over atmospheric carbon emissions will result in some form of carbon
valuation and/or require the installation of technologies to curtail direct emissions
of CO2. While not yet mandated via regulation, nor based on current signals an
immediate concern of economic markets, the AEO2009 base reference case
assumes that atmospheric CO2 emissions will be regulated by 2030. In response it
is assumed that new emission control methods (e.g., sequestration, “clean coal”)
will be developed, although significant technological and market barriers exist at
this time.
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EIA price projections assume that these technologies will be incorporated and thus
include a three percentage point increase in the capital costs associated with the
construction of coal-fired power and coal-to-liquid plants. These associated costs
amount to an equivalent $15/tonne CO2 charge realized through higher electricity
costs, and are built in to the EIA projections of electricity prices and thus explicitly
embedded in the case shown herein (EIA, 2009c).
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Figure A-10 Yearly average U.S. Historical and projected bituminous coal price (1950-2040; per short ton). EIA
reference case assumes that carbon sequestration method development and implementation occur, and only
includes the impacts of laws and regulations in effect before November 5, 2008. Projection to 2030 assumes coal
production growth of less than 1%/yr; mainly due to added electric production capacity. 2009 low coal prices are
projected to recover and increase through 2030, and reach 2008 price levels in 2023. The 2030-2040 projection
is build upon EIA’s case. All price data reported in U.S. dollars ($). Figure data from EIA, 2009b; EIA, 2009e, see
Appendix G for source references and assumptions associated with this figure.

b) U.S. natural gas price forecast
U.S. average natural gas prices are projected to increase 130% over the next 30
years due to increased demand within the power sector; we consider this value
conservative given the likely transition from coal to natural gas in a cap-and-trade
paradigm. All industrial natural gas price data are reported in U.S. dollars ($) per
tcft; historical natural gas usage and prices are discussed earlier. Natural gas is the
second most commonly used fossil fuel in the U.S. electricity generation sector, and
thus most directly tracks electricity generation prices out to 2040. Over the next 30
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years a majority of the new fossil fuel generation capacity (in MW) added in the
U.S. will be gas-fired, and will act to increase gas demand and prices. This assumes:
1) an economically reasonable rate of non-hydro renewable generation capacity
added to the U.S. power mix; 2) that nuclear power plant additions (in MW) occur
at a rate similar to the past 30 years; 3) that carbon emissions remain little
regulated; and 4) that high oil prices will encourage refineries and other facilities to
move from oil to natural gas fuel. While it is possible that one or more of these
factors could vary enough to alter gas market prices, only the rapid, heavy
regulation of coal-fired plant emissions could cause unprecedented long-term
upward shifts in gas prices. Industrial price model data (EIA, 2009b) show a
$2.50/tcft drop from 2008 to 2009, but during the next 30 years prices more than
double from $7.48/tcft in 2010 to approximately $16.50/tcft in 2040 (Figure A-11).
This in turn will exert upward pressure on U.S. electricity prices. Gas price
projections to 2040 do show a 3-4 year period of relative price stability beginning in
2019 due to the integration of at least one new gas pipeline from Alaska’s North
Slope into existing infrastructure and the construction of a new gas-to-liquid facility
(EIA, 2009b). While this and other positive supply factors (discussed below) will
tend to moderate the demand-driven factors outlined above, natural gas price
increases predicted before 2040 will be a major factor driving U.S. electricity prices.
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Figure A-11 Yearly average U.S. historical and projected “industrial” natural gas prices (1967-2040; per thousand
cubic feet). EIA reference case assumes that carbon sequestration method development and implementation
occur, and only includes the impacts of laws and regulations in effect before November 5, 2008. Industrial gas
price model data show a $2.50/tcft drop from 2008 to 2009, but during the next 30 years prices more than
double from $7.48/tcft in 2010 to $16.50/tcft in 2040. The 3-4 year period of relative price stability beginning in
2019 is due to new gas infrastructure addition (EIA, 2009b). The 2030-2040 projection is build upon EIA’s case.
All price data reported in U.S. dollars ($). Figure data from EIA, 2009b; EIA, 2009f; see Appendix G for source
reference and assumptions associated with this figure.
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The rate of increase in projected U.S. natural gas prices will be tempered by a
number of factors including abundant North American reserves and additions to
gas infrastructure currently under construction. While oil and natural gas prices
have historically moved together, fundamental market factors suggest that the
prices of these two commodities will diverge from historical ratios and perhaps vary
more widely than historically observed. Natural gas price projections to 2040
presented herein assume an oil/gas price ratio of 8.6:1 (in terms of MMBTU
equivalents), slightly higher than the historic average ratio and chosen mainly to
reflect increased demand as new gas-to-electric power plants come online (EIA,
2009c). It is widely anticipated that crude oil prices will increase and volatility will
return when the global economy fully recovers from its current downturn, but how
the oil/gas price ratio may vary moving forward is equivocal. On one hand, four
factors suggest that the price ratio will stay well above 8.6:1. First, crude oil
markets are global whereas U.S. natural gas markets are restricted mainly to North
America. Second, if exports ceased today, the EIA estimates that regional oil
supplies (most of which are offshore and expensive to obtain) would last
approximately 24 years at the 2007 consumption rate whereas natural gas supplies
(mostly in the lower 48 and cheap) would persist at least 70 years at the 2007
consumption rate (EIA, 2009c). Third, ongoing technology improvements make the
development of known large gas sources (e.g., Marcellus and Barnett shales)
economically attractive and drive down costs of shale-to-gas conversion. Fourth,
new gas infrastructure additions are currently in development. The first two
factors will presumably push oil prices up; the latter two factors will act to keep gas
prices low, and in effect further decouple U.S. natural gas from crude oil prices.
Such a situation would push the average oil/gas ratio above 20 (Note: as of Aug 25,
2009, this ratio stood at 26.4:1). On the other hand, any cap-and-trade/CO2
emission regulations will have both short- and long-term effects that could drive
the oil-to-gas ratio down to historic averages (e.g., 8.6:1). In the near term, capand-trade rules would push the costs of all fossil fuels up. More importantly, power
producers will probably accelerate their move away from coal fuel and to natural
gas. This will place strong upward pressures on gas prices, and in effect lower the
price ratio. Over the long run, cap-and-trade will push all participating parties away
from fossil fuels and towards alternative energy sources; in effect lowering demand
on both oil and gas. On balance, and absent other drivers, we believe the latter
option is more likely - that natural gas prices will increase between 2009 and 2040
especially with the onset of predicted cap-and-trade regulation and pricing effects,
but that in the very near term supply increases will largely negate demand
increases in the U.S. electric sector and keep price increases moderate.

2. U.S. electricity price forecast
U.S. electricity prices are closely tied to the prices of coal and natural gas, which are
projected to increase by 2040 (Figure A-10 and A-11; respectively), and while U.S.
retail electricity prices have declined in the current economic slowdown projections
indicate that prices rebound after 2010 and increase 47% to approximately
$0.13/kWh in 2040 (Figure A-12). A majority of the U.S. electricity generation
capacity uses fossil fuel sources – specifically coal and natural gas. For a number of
reasons new power plant construction projects in the U.S. have, since the energy
crises of the 1970s, favored natural gas over coal as their fuel source. As concerns
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over air quality and CO2 emissions increase, fewer coal-fired plants will be
constructed in the United States As a result, U.S. average electricity prices have
increasingly tended to track and fluctuate with gas prices. Due to distinct
differences between the electricity and natural gas markets (regulated versus
unregulated, and local versus regional/national, respectively) the tracking is not
ideal, but electricity prices do drift up as gas (and coal) prices increase (cf. Figures
A-11 and A-12).
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3. California electricity price forecast
Historical California/U.S. and projected EIA electricity price data are considered and
used to derive a projection of California retail, on-peak wholesale, and off-peak
wholesale electricity prices to 2040. California and U.S. historical yearly average
electricity price data provide characteristic trends useful as potential inputs to
model future prices at the State level.
a) Retail electricity
As discussed in Section 5, average U.S. retail electricity price is projected to
increase approximately 47% between 2008 and 2040 (Figure A-12; EIA, 2009b).
However, California-specific 30-year forward electricity price projections required
for Metropolitan to fully evaluate and manage energy needs for the CRA system
have heretofore been unavailable. To establish a baseline reference price case,
both historical and EIA AEO2009 (EIA, 2009b) projected electricity price data sets
were considered. A comparison of National and State-level historical electricity
prices (Figure A-13) shows that average California industrial electricity prices
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always exceed the National average subsequent to the 1973 U.S. oil crisis. Despite
this difference, the trending displayed by both data sets indicates a general
concordance over 3-year intervals between 1970 and 2008 (e.g., increasing prices
yielding to sub-flat prices from 1973 to 1990; Figure A-13). Also evident is a distinct
and growing divergence between average California and U.S. electricity prices (see
also discussion in Section 5). For example, over the 35-year period between 1973
and 2008 California electricity prices grew 6.9% annually, while National average
prices grew at a lower rate of 5.3% per year. Additionally, U.S. prices on average
appear to display greater year-to-year and long-term stability than California
electricity prices. This reflects a range of factors such as market scale, regulatory
pricing schemes, environmental constraints, retirement of coal and oil-fueled
facilities in favor of natural gas fueled plants, and/or fuel costs (i.e., type).

California and U.S. Historical and Projected Price of Retail Electricity
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Figure A-13 Yearly average industrial-class retail electricity prices (1970 to 2040) for California (solid, blue, triangles)
+
and the U.S. (solid red). Note the general concordance over 3 -year intervals between 1970 and 2008 (e.g., increasing
prices yielding to sub-flat prices from 1973 to 1990). Also note the distinct and growing divergence between average
California and U.S. electricity prices, and that U.S. prices on average appear to display greater year-to-year and longterm stability than California electricity prices do. If typical average year-to-year price fluctuations present in the
historical California data are predictive, then industrial prices in California should be expected in any given year to
range (light shading) from $0.008/kWh below to $0.011/kWh above the projected price average. If historical year-toyear max/min price fluctuations are considered (dark shading), then prices in a given future year could be
$0.019/kWh below to $0.026/kWh above the projected price average; differences of -9.4% and +12.8%, respectively.
Future price variations based on historical values. Figure data from EIA, 2009b; EIA, 2009e; EIA, 2009j; EIA, 2009k; see
Appendix G for source reference and assumptions associated with this figure.
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Assuming that 30-year historical price data and prevailing market conditions
continue, conservative forward-modeled projections yield an average 2040
California retail electricity price of $0.203/kWh (+0.026/-0.018) – slightly more than
double the 2008 price (Figure A-13). The increase in average retail electricity price
for California from $0.095/kWh in 2008 to $0.203/kWh in 2040 represents an
increase of 114%. If typical average yearly price fluctuations present in the
historical California data are predictive, then retail prices in California should be
expected in any given year to range from $0.008/kWh below to $0.011/kWh above
the projected price average. If historical yearly maxima/minimal price fluctuations
are considered, then prices in a given future year could be $0.019/kWh below to
$0.026/kWh above the projected price average; differences of -9.4% and +12.8%,
respectively (Figure A-13).
b) Wholesale electricity
As discussed in Section 4, historical wholesale data is sparse, EIA has wholesale
data by NERC region from 2001-2008 (EIA, 2009q) and republishes Intercontinental
Exchange data from 2001-2008 (EIA, 2009p), therefore wholesale price data is only
discussed in the context of future projections. To project both off-peak and onpeak wholesale electricity prices, adjustments were made to retail electricity
projections.
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The Intercontinental Exchange data republished by the EIA provides daily minimum,
maximum, and weighted average peak prices of wholesale electricity traded on the
exchange; this data was used to determine the projected on-peak wholesale
electricity prices from 2010-2040. A yearly average of the daily average weighted
peak price for the SP 15 hub was calculated for 2003-2008 (2001-2002 was
excluded from the analysis to minimize the influence of the California energy crisis).
These values were compared to the retail electricity prices over the same time
period. Based on the comparison, a differential between retail electricity and onpeak wholesale electricity of $0.03/kWh was assumed. This price differential was
assumed to continue. Therefore, projected on-peak wholesale electricity prices
were determined by shifting the retail electricity projection down by $0.03/kWh
(Figure A-14).
The EIA published wholesale prices by NERC region; the data for the WECC region
was used to determine the projected off-peak wholesale electricity prices from
2010-2040. These values were compared to the retail electricity prices over the
same time period. Based on the comparison, a differential between retail
electricity and on-peak wholesale electricity of $0.055/kWh was assumed. This
price differential was assumed to continue. Therefore, projected off-peak
wholesale electricity prices were determined by shifting the retail electricity
projection down by $0.055/kWh (Figure A-14).
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Figure A-14 Projected
California average market
price of both off-peak
(solid) and on-peak (pluses)
wholesale electricity. Offpeak projection based on
California retail electricity
(Figure A-13) with an
estimated differential
between retail and offpeak wholesale electricity
from WECC region. Onpeak projection based on
California retail electricity
(Figure A-13) with an
estimated differential
between retail and SP-15
on-peak wholesale
electricity. Price data from
EIA, 2009b; EIA, 2009e; EIA,
2009j; EIA, 2009k; EIA,
2009p; EIA, 2009q; see
Appendix G for full
discussion of figure
assumptions.
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It should be noted that average wholesale price of electricity expected to be seen
by Metropolitan in 2010 is approximately $0.04/kWh, which is lower than the
average market off-peak price in 2010 of $0.056/kWh. The additional differential is
due to Metropolitan’s ability to purchase off-peak power during winter months and
bank the electricity with SCE using the Service and Interchange Agreement for
future use. Since winter off-peak prices are lower than summer off-peak prices,
Metropolitan’s realized cost for purchased wholesale power is lower than average
market off-peak prices would indicate. If the Service and Interchange Agreement
cannot be renewed or is not renewed with a banking provision, Metropolitan could
expect the average market price of purchased power to reflect the market prices in
Figure A-14.
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Energy procurement must be guided by and consistent with organizational policy
as well as legal requirements and limitations. Board-adopted policies provide
guidance to Metropolitan staff, but, since Metropolitan is a locally-owned utility
governed by its Board, these policies also provide legal parameters in which the
organization must operate. Mostly important, the District must act consistent with
its formative document, the Metropolitan Water District Act, as reenacted by the
California State Legislature in 1969 (“MWD Act”).
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On August 19, 2008, the Board adopted its “Energy Policy Principles.” These
principles—articulated in the broad categories of reliability, economics, regulatory
compliance and resource stewardship—were designed to provide guidance and
direction for Metropolitan’s energy activities. For the purposes of this study and
the issues it addresses, the principles can be more narrowly recast as: (1) reliably
operating the CRA and associated facilities; (2) reducing energy costs, including
capitalizing on economic efficiencies related to resource procurement; (3)
complying with existing and emerging state and federal regulatory requirements;
and (4) reducing Metropolitan’s carbon footprint and procuring renewable energy
resources.
In simple business terms, Metropolitan management seeks to minimize its retail
electric costs, anticipate and hedge against regulatory costs, and, to the extent
consistent with legal standards, maximize the economic use of its resources for the
benefit of its ratepayers. The purpose of this appendix is to evaluate regulations
that could impact Metropolitan’s ability to deliver low-cost water to its member
agencies through the lens of Metropolitan’s Energy Policy objectives and applicable
laws and regulations, including the MWD Act.

1. Late 1990’s transition to deregulated electricity markets

A. Regulations That
Will Affect
Electricity Prices

The California energy market underwent fundamental change starting in 1996 with
the passage of AB-1890. In 1997, SB-477 specifically authorized direct transactions
between electricity providers and end-user customers. Vertically integrated
utilities such as SCE divested much of their generation resources, and CAISO took
control of much of California’s transmission system. By the late 2000 to early 2001
period, generation and transmission markets were being manipulated by market
participants in such a manner as to create artificial scarcity of power resources,
allowing prices to skyrocket (Figure 4-2). When FERC removed state imposed price
caps in December 2000, the average cost of energy in California proceeded to hit
$300/MWh, which ultimately lead to the collapse and eventual bankruptcy of the
state Power Exchange and Pacific Gas and Electric Company (PG&E) because the
CPUC did not allow them to raise retail rates commensurate with $300/MWh
wholesale prices. During this time Metropolitan’s CRA power costs spiked from $21
million in 1999 to $128 million in 2001 (Figure 4-2), despite the fact that
Metropolitan was somewhat protected from market exposure due to significant
use of hydropower whose cost is set through existing contracts (See Section 4 and
Appendix A).
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Since the spike in prices seen between 2000 and 2001 the CAISO has made
significant changes to the way that the State’s transmission grid is planned,
operated and priced in the form of the MRTU which was adopted in April 2009 (See
also Section 4). These changes, however, do not prevent extensive market
manipulation within the State. Therefore, the risk of future market abuse and
associated price increases and volatility continues to exist.

2. Market Redesign and Technology Upgrade (MRTU)
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The CAISO is a not-for-profit public benefit corporation which was charged with
operating the majority of California’s high-voltage wholesale power grid as of
March 31, 1998, and on April 1, 2009 launched a new market structure titled
MRTU. This new market structure applies to all entities within CAISO jurisdiction,
though some exemptions exist for the duration of existing contracts. Under the
previous market structure, each electric utility was responsible for meeting its
demand. If electricity was imbalanced, the utility was fined. Wholesale electricity
prices were determined by three pricing zones. Under the new market structure,
there are 3,000 pricing nodes, and node prices are evaluated and adjusted every 15
minutes. Utilities no longer have to manage customer demand and power plant
supply. Electricity generators sell electricity to CAISO at one of the nodes and
prices are determined by a function of the energy, transmission losses, congestion
and other key factors in a real-time optimization system. Electricity providers
purchase wholesale electricity from CAISO at a given node and the price is
determined by a function of the energy, transmission losses, congestion, and other
key factors in a real-time optimization system. The MRTU significantly restricts the
ability of Metropolitan to enter into contracts that would reduce its electricity
costs.

3. Role and regulation of energy market speculation
Commodity markets were created and regulated to smooth trade in the agricultural
market, but now include items such as metals, natural gas, oil, and coal. These
markets were first regulated in the 1930s through the Commodity Exchange Act
(1936) which set up the Commodity Exchange Authority to regulate commodities
and futures trading. In 1974 the Commodity Futures Trading Commission (CFTC),
replaced the Commodity Exchange Authority. The goal of the CFTC is to “ensure
that prices on the futures market reflect the laws of supply and demand rather than
manipulative practices or excessive speculation” (U.S. Senate, 2006).
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The Commodity Future Modernization Act of 2000 significantly affected the ability
of the CFTC to monitor commodities trading and carry out its goal. Before this Act,
U.S. energy futures were traded exclusively on regulated exchanges (e.g., New York
Mercantile Exchange [NYMEX]) (U.S. Senate, 2006), and the CFTC imposed
limitations on the quantity of futures which any given entity could hold at a given
time, however, the Commodity Future Modernization Act created a loophole where
energy futures could be traded on electronic markets such as the Intercontinental
Exchange (ICE) which were not subject to CFTC oversight. This loophole is
otherwise known as the “Enron Loophole” and made it easier for speculators to
obviate speculative limits and manipulate the market (Medlock III & Jaffe, 2009).
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Since the enactment of the Commodity Future Modernization Act, the energy
futures market has seen a marked increase in speculation by financial institutions,
hedge funds, and pension funds (hereafter collectively referred to as speculators).
For example, the percent of oil futures contracts held by speculators has jumped
from 20% to 50% between 2002 and 2009 (Medlock III & Jaffe, 2009). The
increased role of speculators is even more pronounced in the natural gas market,
where one hedge fund (Amaranth Advisors LLC) held over 40% of the contracts and
at times held as much as 75% of the outstanding contracts in a given month in 2006
(U.S. Senate, 2007).
Concurrent with the ramp-up in speculator participation, energy prices have risen
significantly and energy futures markets have seen a marked increase in price
volatility (U.S. Senate, 2007). For example, in 2008 oil prices both reached
unprecedented highs in July 2008 (greater than $145/barrel) and fell to a low of
$30.28/barrel in December 2008 (EIA, 2009o). The natural gas market has also
been prone to extreme volatility, and the traditional forces of supply and demand
no longer seem to account for the recent price increases and volatility (U.S. Senate,
2007). Since 46% of California’s electricity is derived from burning natural gas, any
long-term increase of natural gas price and inability of energy generators to
correctly price fuel futures (i.e., volatility) can readily translate into increases in
price and volatility in California electricity prices.
In 2006, the CFTC investigated the role of speculation in the energy markets. Their
initial conclusion was that speculation did not play a significant role, however
Medlock and Jaffe argue that the CFTC’s analysis did not include changing
composition of market participants or the shifting of aggregate expectations due to
tight short-term fundamentals, both of which are crucial to the understanding of
the role of speculation (Medlock III & Jaffe, 2009). To address these concerns, the
CFTC is conducting an additional study which has not yet been released. According
to The Wall Street Journal, preliminary indications are that the CFTC will reverse its
position by saying that speculators did play a significant role in the increased
volatility of the energy futures market (Dugan & MacDonald, 2009).
Studies on the role of speculation in the energy futures market have also been
conducted by the U.S. Senate’s Permanent Subcommittee on Investigations. The
subcommittee has concluded that speculation played a significant role in the
increase in the volatility of energy prices (U.S. Senate, 2006; U.S. Senate, 2007).
This finding concurs with an independent study conducted by Masters Capital
Management (Herbert, 2009). While isolating the exact contribution of speculation
to energy prices, it is estimated that when oil was at $70/barrel, speculation
accounted for $20-25 of the price (U.S. Senate, 2006). In regards to Amaranth’s
control of natural gas futures, the subcommittee concludes that Amaranth traded
on the ICE to avoid size restrictions, and that these actions “caused significant price
movements in the natural gas market demonstrates that excessive speculation
distorts prices, increases volatility, and increases costs and risks for natural gas
consumers such as utilities” (U.S. Senate, 2007). The Senate also concludes that
“current restraints on speculative trading to prevent manipulation and price
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distortions are inadequate” and “the CFTC is unable to meet its statutory mandate
to prevent market manipulation and excessive speculation from causing sudden,
unreasonable, or unwarranted energy prices” (U.S. Senate, 2007).
The U.S. Senate’s Permanent Subcommittee on Investigations has repeatedly made
recommendations that would close the loopholes that allow a significant portion of
commodity futures trading to occur unregulated (U.S. Senate, 2007; U.S. Senate,
2006). These include:
1.
2.
3.
4.

Closing the “Enron Loophole”
Monitoring U.S. futures traded on foreign exchanges
Monitor aggregate positions on the ICE and NYMEX
Require increased reporting on trading activities

Since the 2008 financial crises there has been renewed interest in regulation of the
financial industry to curb gross market manipulation. The Obama Administration
has specifically indicated that it will pursue greater regulation of the market
(Medlock III & Jaffe, 2009) and the CFTC has indicated that it is open to increased
regulation by holding a series of hearings on how futures markets might be
regulated (Doering & Rascoe, 2009; Petruno, 2009).
Should regulation of the commodity futures market come to pass, steep price
increases and volatility of natural gas and other energy futures could decrease,
which in turn could help stabilize California electricity prices (due to California’s
reliance on natural gas-fired electricity production). However, if additional
regulations (e.g., correcting the Enron loophole) and increasing the CFTC’s ability to
regulate large scale speculation do not occur, it can be expected that price volatility
of natural gas and other energy futures will persist and result in continued
instability in California’s electricity prices.
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4. California Executive Orders and AB-32

Appendix D

In 2005, the Governor issued Executive Order S-3-05, establishing the following set
of State targets to reduce GHG emissions:
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Table B-1 California
Executive Order S-3-05
supports the AB-32 cap-andtrade goals. It also
establishes goals beyond the
present scope of AB-32 out to
2050. The 1990 goal
represents a 30% reduction
from projected levels in 2020.
No rules on implementation
of the 2050 goal have been
developed but current rules
are being crafted with this
long term goal in mind.

Table B-1 California Greenhouse Gas Emission Reduction Targets Established
in California Executive Order S-3-05
Target Date
2010
2020
2050

Emission Reduction Goal
2000 level
1990 level
80% below 1990 level

The Secretary of the California Environmental Protection Agency was charged with
coordinating oversight of the State agencies attempting to meet the targets, and
reporting to the Governor and State Legislature on the progress made toward
meeting goals. The State agencies included in efforts to meet State emission
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targets include: the Secretary of the Business Transportation and Housing Agency,
Secretary of the Department of Food and Agriculture, Secretary of the Resources
Agency, Chairperson of the CARB, Chairperson of the CEC, and the President of the
CPUC. While the order was intended to apply to all of California, the “targets” did
not impose any affirmative obligations on Metropolitan to reduce GHG emissions.
In 2006, Governor Schwarzenegger signed AB-32, the Global Warming Solutions
Act, which requires a reduction of GHG emissions in California to 1990 levels by
2020 (or roughly 25% below 2005 levels). The legislation directed the CARB to
develop, implement, and enforce emissions reduction regulations. These
regulations will be adopted by the beginning of 2011, and will be effective and
enforceable in 2012. Per the legislation, the CARB has already prepared a scoping
plan for implementing its mandate and is developing discrete early actions to
reduce GHG emissions.
AB-32 includes a number of specific requirements of relevance to Metropolitan.
Those requirements are listed below, along with an indication of the CARB’s actions
to date:
•

CARB shall prepare and approve a scoping plan for achieving by 2020 the
maximum technologically feasible and cost-effective reductions in GHG
emissions from sources or categories of sources of GHGs. The scoping
plan, approved by CARB’s Board on December 12, 2008, provides the
outline for actions to reduce GHGs in California. The plan indicates how
emission reductions will be achieved from significant GHG sources via
regulations, market mechanisms, and other actions. The scoping plan also
identifies increasing RPS standards to 33% by 2020, the development of a
carbon cap-and-trade program, and a public goods charge on water as
potential mechanisms to achieve the required GHG reductions.

•

CARB must establish the baseline level of GHG emissions from 1990 that
will serve as the emissions limit to be achieved by 2020. In December
2007, CARB approved the 2020 emission limit of 427 million tonnes CO2e
of GHGs. Metropolitan reported its GHG emissions since 2005 as part of
this process.

•

CARB must identify and adopt regulations for discrete early actions that
could be enforceable on or before January 1, 2010. The CARB has
identified discrete early action measures affecting landfills, motor vehicle
fuels, refrigerants in cars, tire pressure, and port operations and ship
electrification. It has also identified measures designed to reduce
potential GHGs associated with consumer products. Regulatory
development for the remaining measures is ongoing.
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The applicability of AB-32 to Metropolitan is still being analyzed by the
Metropolitan General Counsel’s Office. Based on the language of the statute and
the CARB’s current approach in its regulations implementing them, Metropolitan
will likely, as an importer or “first deliverer” of wholesale power, be required to
purchase allowances to cover any GHG emissions from its out-of-state power
sources. Metropolitan currently imports electricity from Hoover Dam and a portion
of its purchased wholesale electricity. Current proposals do not include a provision
for CO2e emissions from large hydro facilities, however a recent evaluation of the
Kerry-Boxer bill (a Federal cap-and-trade proposal) investigates the role of methane
emissions from large dams. Any move at the Federal or State level to regulate
methane emissions from large dams would increase Metropolitan’s hydropower
costs. Currently, however, the only AB-32-related regulation that has directly
impacted Metropolitan is the reporting requirement for energy associated with the
operation of the CRA.
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AB-32’s proposed public goods charge on water could indirectly impact
Metropolitan’s ability to increase water rates, thus adding to the overall cost of
water conveyance statewide. In addition, the methodologies ultimately adopted
for the point of regulation, and for allocating emission “allowances”’ could also
significantly impact the cost of wholesale electricity. AB-32’s proposed cap-andtrade system will also add a cost, proportional to CO2e emissions, on all power
produced within and imported into the State. Producers will invariably pass
through this cost to consumers, and as a significant electricity purchaser
Metropolitan will be affected indirectly through increased electricity prices. For
these reasons, Metropolitan is carefully monitoring AB-32 and recognizes the
potential for future impacts. The SPP policy goals (See Section 4) provide for a
means to mitigate this risk, as well as Metropolitan’s exposure to future carbonrelated fees. It is currently unclear how electricity from large hydro facilities, such
as electricity that Metropolitan receives from the Hoover (i.e., out-of-state) and
Parker (i.e., in-state) power plants, will be treated under AB-32’sthe cap-and-trade
program since hydro generation in excess of 30 MW is considered non-renewable
under current California law.

5. Federal cap-and-trade regulation
While no federal laws for GHG reduction currently exist, several bills that would
limit GHG emissions have been introduced in Congress in recent years. A summary
of proposed legislation and their key provisions can be found in Table B-2. These
plans vary by reduction goals, percent of emissions covered by the bill, how any
credits will be distributed over time, whether or not there is a cap on credit prices,
and many other factors.
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Table B-2 Federal Cap and Trade Proposals
Regulations/Bill/Proposal

Date
Proposed

% of Total Emissions
Covered by Bill

Baseline

S.1733

Senate Clean Energy Jobs
and American Power Act
(Kerry-Boxer)

2009

75%

2005

H.R.2454

American Clean Energy
and Security Act of 2009
(Waxman-Markey)

2009

84%

2005

S.2191

Lieberman-Warner
Climate Security Act of
2007
Low Carbon Economy Act
of 2007

2007

87%

2006

S.1766

2007

2006
1990
1990

GHG Reduction
Goal

3%
20%
42%
83%
3%
17%
42%
83%
7%
30%
72%
2006 levels
1990 levels
60%

Date of GHG
Reduction
Goal
2012
2020
2030
2050
2012
2020
2030
2050
2012
2030
2050
2020
2030
2050

RPS Goal

Other Important Notes

20%

No RPS goal

15%

Includes 35 miles per gallon for light
duty vehicles by 2020
Technology Accelerator Payments
provide a ceiling on price; $12/tonne
in 2012 plus growth of 5 %plus
inflation

S.280

Climate Stewardship and
Innovation Act of 2007

Proposed Cap and Trade Program –
Requested by Bingaman, Landrieu,
Murkowski, Specter, Salazar and Lugar
H.R.5049

Keep America Competitive
Global Warming Policy Act

2007

2007

2006

78%

84%

2004
1990
1990
1990
2011

2009

2004 levels
1990 levels
22 %
60 %
2.6% annually
3% annually

2012
2020
2030
2050
2012 - 2021
2022 - beyond

States reductions, but doesn't set
specific reduction goals

No RPS goal

30 %of allowance can be met with
offset credits

No RPS goal

Safety Valve provision to pay a preestablished fee in lieu of submitting an
allowance; $7 per tonne in 2012 plus 5
% plus inflation

No RPS goal

Safety Valve provision - if prices get
too high, the emissions cap is relaxed;
$6 per tonne plus 1%, or 2% plus
inflation
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On May 21, 2009, the House Energy and Commerce Committee approved H.R. 2454
(Waxman-Markey), “the American Clean Energy and Security Act” (Table B-2). This
legislation is an omnibus energy bill that collapses numerous energy policy
initiatives long discussed in Congress. The issues of relevance to Metropolitan
concern the bill’s establishment of Federal renewable electricity standards (RES),
which are similar to California’s RPS, a Federal cap-and-trade program and the
Water Sense Program.
On September 30, 2009, Senators Boxer and Kerry introduced S.1733 the “Clean
Energy Jobs and American Power Act” in the Senate Environment and Public Works
Committee (Table B-2). In key respects, including the implementation of a cap-andtrade mechanism, and 2030 and 2050 GHG emissions reduction targets of 42% and
83% (respectively) below 2005 levels, the bill mirrors H.R. 2454. Provisions on
allowance distribution and auctioning also do not differ substantially in the two
bills. There are, however, a number of differences. The proposed reduction of
GHG emissions for 2020, again below the 2005 level, is 20% in the Senate bill, as
opposed to 17% in the House bill. In contrast to H.R. 2454, the Senate bill would
not restrict the ability of the EPA to enact complementary climate change
regulations, and would vest the authority to implement and enforce regulations in
the CFTC as opposed to both the CFTC and the FERC.
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Under the currently proposed federal GHG legislation, it appears likely that
Metropolitan would be subject to less direct regulation under a Federal cap-andtrade program, since it does not own and operate generation facilities (As discussed
above, Metropolitan would likely be regulated as importer of electricity under AB32). Indirect impacts, however, are likely to be significant. As noted, both the
House and Senate climate change bills would establish a cap-and-trade program
and set up an auction-based system for trading GHG emission credits/allowances.
Since it does not own any power plants that produce GHG emissions, Metropolitan
would not be considered a “covered entity” and would not be required to purchase
credits, but it may be subject to certain reporting requirements. However, because
it is not included within the regulated community, and will therefore not be
allocated any allowances or offsets, Metropolitan could bear the burdens of
increased energy costs associated with the caps without the benefit of allowances
to ease the transition.
Both bills would preempt similar State programs, including AB-32, for a period of
five years from 2012 to 2017, but would allow States to establish more stringent,
presumably consistent, requirements thereafter. This is problematic because it will
lead to uncertainty in the market and, potentially, duplicative regulation with
duplicative costs. For this reason the electric industry opposes any limitations on
the preemption.
The U.S. EPA is also moving to regulate greenhouse gases under the U.S. Clean Air
Act (e.g., Broder, 2009). The current proposal would regulate entities that emit at
least 25,000 tonnes of CO2e per year starting in 2011. Entities that would fall under
this regulation are responsible for approximately 70% of emissions in the U.S. and
would be required to obtain permits demonstrating use of best practices and
technologies to minimize emissions.
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6. California RPS
In 2002, legislation was enacted requiring the IOUs to increase procurement of
electricity from renewable energy sources by at least one percent per year and to
meet a target of procuring 20% of their energy resources from renewables by 2017.
In 2007 California adopted SB-107, creating the RPS and accelerating the IOUs’
requirement to supply 20% of their retail energy from renewable sources from
2017 to 2010. In November 2008, the Governor issued Executive Order S-14-08
increasing the target to 33% by 2020, including compliance by municipal and
locally-owned utilities via oversight by the CEC.
Current legislation defines what qualifies as “renewable energy resources” for
IOUs, and the CPUC interprets what resources count toward the RPS. This includes
limiting hydroelectric power that can be counted toward meeting the RPS currently
set at facilities generating 30 MW or less per year.
Under the existing RPS regulations, LPOEUs are also required to develop RPS
programs, although they are permitted to set their own targets and determine how
to meet them. This discretion includes determining what types of resources count
toward meeting the RPS. For example, many LPOEUs have relied upon
hydroelectric power resources that exceed the 30 MW limit. Governing boards of
the State’s three largest LPOEUs (LADWP, the Sacramento Municipal Utility District,
and the Imperial Irrigation District) have adopted specific RPS policies as follows:
1.
2.
3.

LADWP - 20% RPS by 2010 and 35% by 2020
SMUD - 23% RPS by 201
IID - 20% RPS by 2010 and 30% by 2020

Under existing legislation and Executive Order S-14-08, the RPS standards only
apply to utilities serving customers at the retail level, specifically, “entit[ies]
engaged in the retail sale of electricity to end-use customers located within the
State.” Because Metropolitan and DWR/SWP are not retail sellers, the current and
proposed RPS mandates do not apply to them.
Following the failure of the California Legislature to enact comprehensive RPS
legislation, on September 15, 2009 the Governor issued Executive Order S-21-09,
requiring the CARB to implement the new 33% RPS standard with support from
other State agencies. It is debatable whether the Order is legally enforceable since
it appears to contradict existing RPS statutes and imposes an executive mandate on
the CARB in its implementation of AB-32 that is not included in that statute.
Assuming the legality of the Order is upheld, it also creates some ambiguity
regarding its applicability to Metropolitan. Executive Order S-14-08 purports to
impose an RPS requirement on “[a]ll retail sellers of electricity.” Executive Order S21-09, on the other hand, purports to impose an RPS requirement on “all California
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load-serving entities.” Metropolitan is clearly not a retail seller, but, under some
definitions of load-serving entities, could fall within this category.
In addition to creating uncertainty with respect to its legality, Executive Order S-2109’s intertwining of the AB-32 and RPS mandates could also contribute to price
increases for wholesale energy. The need for any rapid increase in construction of
renewable energy facilities to meet target timelines will contribute to the generally
higher cost of renewable energy sources over traditional fossil fuel technologies. It
is also anticipated that GHG emission limits will drive up the cost of power in the
short-, medium-, and long-term, as power producers incorporate new technologies
to limit their emissions. As a significant purchaser of retail electricity, Metropolitan
is exposed to the escalating costs associated with adopting RPS standards.
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The House American Clean Energy and Security Act and the Senate Clean Energy
Jobs and American Power Act establish Federal renewable procurement
requirements for retail electric suppliers that sell more than 4 million MWh per
year. Although Metropolitan does not sell electric energy at retail, and thus would
not be subject to these mandates, passage of either bill could adversely affect
Metropolitan because the bills do not include existing hydroelectric power as a
renewable energy source. While the bills allow entities subject to the requirements
to exclude hydroelectric energy from their baseline, Metropolitan will lose the
renewable energy premium currently attached to its sales of small-conduit
hydroelectric energy. In August 2008, Metropolitan’s Board adopted Energy Policy
Principles to “promote recognition of large-hydro generation as a renewable energy
resource for all purposes.” The bills, in their present form, do not permit
recognition of any existing hydroelectric generation as a renewable energy
resource, let alone energy from large hydroelectric plants. Accordingly,
Metropolitan should work with the American Public Power Association to seek
amendment of the bill in accordance with its Energy Policy Principles.
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7. REC’s vs. carbon credits/allowances
Renewable Portfolio Standards (RPS) and Greenhouse Gas emissions reduction
regulations (GHG regulations) are related from a practical standpoint, but they
impose different legal requirements. Under RPS, an electric utility must obtain a
specified percentage of its energy from recognized renewable sources by a certain
date (in California, 33% by 2020). The vehicle for compliance on RPS is RECs, which
represent a unit of electricity generated and delivered from an eligible renewable
energy source. While wind, solar, and geothermal energy are universally
recognized as renewable, energy from hydroelectric generators may only be
considered renewable if it comes from “small” facilities (in California, generator
capacity less than or equal to 30 MW). Under GHG regulations (i.e., cap-and-trade),
specified GHG emissions must be reduced by a certain percentage or relative to
emissions in a “baseline” year (in California, reduced to 1990 levels by 2020).
Unlike RPS, reductions aren’t utility-specific. Rather, “allowances” or “carbon
credits” equal to all permitted emissions in a given year are allocated or auctioned,
and individual utilities or generators must purchase enough allowances to cover all
of their emissions. There is no direct link between RECs and allowances and one
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could not be used as a substitute for the other. RECs are used only to meet RPS
requirements and allowances are used only to account for GHG emissions.
Therefore, it would be beneficial to Metropolitan to retain RECs only if subject to
RPS standards. Self-generation from sources that produce RECs is indirectly related
to allowances in that if Metropolitan uses self-generation to meet the CRA load,
thereby reducing electricity imports, the quantity of allowances needed to cover
emissions associated with electricity imports will also be reduced.

8. Incentives
To mitigate the upward pressure on electricity prices, there are a variety of State,
Local, and Federal regulations and programs that can help offset the costs
associated with procuring renewable energy. These funding sources can make the
construction of renewable energy facilities or technologies cost-competitive with
lower-cost, non-renewable resources (see Table E-5). The combination of rising
electricity prices and this incentive funding makes the procurement of renewable
energy, especially at retail facilities, attractive, although successful procurement
obviously depends on the availability of funding as well compliance with applicable
regulations.
Currently, self-generation via solar power and the associated solar incentives are
subject to both State and Local regulations. Other than Federal grant programs
potentially providing funding for solar projects, the Federal government has not yet
begun to directly regulate solar generation. Metropolitan is monitoring Federal
initiatives, but, because none of them are yet applicable, this study focuses on the
applicable State solar programs overseen primarily by the CPUC for IOUs, and by
the CEC and local governing bodies for LPOEUs.
In 2007, the State launched the Go Solar California campaign, established by the
Legislature through the enactment of SB-1 (Table B-3). Today, the Go Solar
California campaign has a goal to create 3,000 MW of new, solar-produced
electricity by 2016. The CSI is the statewide program that implements SB-1, and is
applicable to all electric utilities (IOUs and LPOEUs). CSI provides cash for
customer-generated solar facilities. To meet the 3,000 MW goal, the CSI statewide
budget is $3.3 billion over 10 years. Metropolitan is a retail electric customer of
SCE, LADWP, and Riverside Public Utilities (RPU) and therefore has the opportunity
to take advantage of the solar incentive programs within these utilities’ service
territory.
For the IOUs, the CPUC implemented the CSI legislation by regulation. The IOU
territories of the PG&E, SCE, and the San Diego Gas & Electric Company represent
roughly 68% of California’s electric load (LAO, 2009). The incentives are funded
through a surcharge on CPUC-regulated utility bills and are identical for each IOU.
Incentive payments are based on the quantity of electricity produced by the
system, and the rate per unit of electricity varies by organizational class with
different levels for residential, commercial, and government/non-profit customers.
The CSI program is also a tiered incentive program where early solar purchasers
receive a larger rebate rate. Currently, the CSI program for SCE is at the fifth tier,
where the rebate for government/non-profit agencies is $0.32/kWh and the rebate
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for commercial agencies is $0.22/kWh. While the CPUC CSI program allows nonresidential systems up to 5 MWs, the incentive payments are only available for the
first MW of capacity. Incentive payments are calculated for solar energy systems
that exceed 1 MW in size by prorating the energy output based on the ratio of 1
MW to the size of the site. The receipt of CSI funding does not require transfer or
sale of RECs to the host utility; instead, these RECs are held by the customer-owner
of the solar facility and may be sold.
LPOEUs, which comprise 24% of the statewide electric load (the remaining 8% of
California’s electric load is met through electric service providers) (LAO, 2009), must
independently implement a rebate system to meet the mandates of SB-1. These
programs are self-regulated with limited CEC oversight, and the duration, amount,
and structure of the rebates vary significantly by utility. While the mandate for the
rebate program is under the CSI umbrella, only the rebates offered by the IOUs and
funded through the surcharge on CPUC-regulated utility bills are referred to as “CSI
rebates” in the solar industry. Rebates offered by LPOEUs are known as “other
utility-provided rebates.” As noted, only the programs offered by LADWP and RPU
are relevant to Metropolitan, as Metropolitan has treatment plant facilities in the
service territories of these LPOEUs.
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The LADWP program is known as the Solar Photovoltaic Incentive Program. Under
the program, LADWP provides incentive payments for solar facilities up to 1 MW
per billing meter, per fiscal year, although actual system size may be larger based
on historic annual usage. Subject to the availability of funding, LADWP may allow
funding for up to 2 MWs of solar generation, subject to a reduced incentive
payment. LADWP incentive payments are based on the estimated performance of
the solar system. An annual kWh output is estimated and a formula is applied to
give the customer a one-time payment for 20 years of solar production. Customers
may elect to have ownership of the RECs, but incentives are proportionally reduced
based on this ownership. In no case will LADWP provide an incentive of more than
50% of the cost of commercial systems, regardless of system size. Any energy
generated by the solar power system must be either utilized on site by the
customer or credited back to LADWP in accordance with the city’s net metering
ordinance. Energy cannot be sold to any other entities.
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RPU’s program is known as the Non-Residential Photovoltaic System rebate
program. The program offers a $3.00 per Watt rebate – not to exceed 50% of the
project cost – up to a incentive cap of $500,000 for large time-of-use customers (to
commercial entities or non-commercial entities such as Metropolitan). RPU
customer-generators are eligible if they have solar facilities with a capacity of not
more than 1 MW that are located on the customer’s premises, are interconnected,
are operated in parallel with the RPU’s transmission and distribution facilities, and
are intended primarily to offset part or all of the customer’s own electrical
requirements on the premises. The program does not currently address whether
RPU or the customer-generator retains REC's.
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State regulations regarding net metering, virtual net metering and “feed-in” tariffs
also provide opportunities for customer-generators such as Metropolitan to either
reduce retail electricity costs and/or sell power to the utility provider. These
regulations will be discussed in detail below.

B. Regulations
Pertaining to
Metropolitan’s
Ability to Produce
and Sell Power

In the face of rising electricity costs, Metropolitan could increase its electricity
producing capabilities, either to sell electricity to produce revenue to offset rising
electricity costs or to directly provide power to its load and thus avoid rising
electricity costs. Metropolitan currently produces and sells electricity from its small
hydro facilities, which provides millions of dollars in annual revenue. Should
Metropolitan not wish to engage in additional self generation, energy cost
mitigation could be achieved through contract negotiations or energy generation or
other power generation partnerships. However, there are many current, pending,
and future regulations that will restrict Metropolitan’s ability to engage in self
generation, partnerships, and beneficial contracts. Metropolitan’s legal
department keeps abreast of these regulations and evaluates the potential impact
on Metropolitan. Evaluations of regulations pertaining to Metropolitan’s ability to
produce and sell power were provided by Metropolitan’s legal department and are
summarized in Table B-3 and more through details are provided below.
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Table B-3 Regulations Concerning Metropolitan’s Ability to Generate and Sell Power
Regulation
Market Redesign
and Technology
Upgrade (MRTU)

Status

Current Law

Within CAISO Jurisdiction there is a disconnection
between supply and demand of electricity.

AB-1969

Current Law

Directed the CPUC to develop feed-in-tariffs at
publicly-owned water and wastewater treatment
facilities within the service territories of the CPUCregulated IOUs

SB-380

Current Law

Increased cap on feed-in-tariff program and made it
applicable to all renewable energy generators.

AB-2466

Current Law

Allowed 1 MW of virtual net metering

SB-1

Current Law

Provides incentives for customer generated solar
facilities. Can provide up to 60% of the capital cost
for solar systems 1 MW or less.

AB-1890

Former Law

Direct access would allow Metropolitan to offer
power related services. Direct access is currently not
allowed under current regulations.

California Public
Contract Code
4217.10-4217.18

Current Law

Quasi-design-build is allowed in certain
circumstances to public entities.

1932 Act

Current Law

State evaluation of Metropolitan's 1932 Act lands,
revised in 1978, and the determination of whether
they can be used to generate power by Metropolitan
or a third party.

AB-920

Proposed in Legislature

Utilities must compensate renewable energy
generators who generate a net surplus of electricity
after 12 months.

AB-560

Proposed in Legislature

Increase limit on net metering to 5% of the electric
utilities aggregate customer peak demand.

SB-656

Current Law

AB-58

Current Law

AB-46

Proposed in Legislature
To be Proposed by
Metropolitan
To be Proposed by
Metropolitan
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General Description

California’s first net metering law, applicable for
systems under 10kW. Was later expanded through
AB-58.
Established a net metering cap of one-half of one
percent of a utility’s total aggregate peak demand.
Also exempts net metering customer-generators
from “stand-by” rates.
Extend various loan programs.
Increase net metering limits to 10 MW.
Increase virtual net metering limits to 10 MW.

1/12/2010 Board Meeting
B-15 Page

9-2
Energy Management and Reliability Study

Attachment 2, Page 193 of 288
December 2009
Metropolitan Water District
of Southern California

1. Build facilities to reduce electricity demand (sell excess)
Three programs would allow Metropolitan, as a retail utility customer, to sell excess
renewable generation: net metering, the feed-in tariff (FIT), and virtual net
metering. Net-metering allows self-generation customers to sell excess power to a
local power utility provider. The customer is compensated with a bill credit, but
cannot receive payment for the excess generation. A FIT allows customers to sell
all of their generation to the local power utility at a fixed rate. The customer
receives payment from the utility for its generation at an established rate, and pays
for its electricity usage at a lower rate. Both net-metering and FIT programs apply
the credit or sale to the location at which the customer generates the renewable
energy. Virtual net metering, by contrast, is a mix of the two programs. It provides
a credit for excess generation at one location within the host utility’s service area,
and permits the use of that credit at another location within that service area. The
program is thus beneficial to customers with multiple locations within a single
utilities jurisdiction.
a) Net metering – SB-656, AB-58, AB 920, and AB-560
Net metering is a state-mandated program for retail electric customers who own
(generally small) renewable energy facilities, such as wind, solar power, or home
fuel cells. Net in this context means “what remains after deductions.” Excess
customer generation (i.e., generation in excess of usage) is netted against customer
under-generation (i.e., periods in which the customer must draw energy from the
grid). If, on a monthly basis, the customer is a net energy generator, it receives a
credit. If the customer is a net energy consumer, it must pay for the net usage.
Under the program, a customer is never paid for excess generation.
In 1995, California passed its first net metering law, SB-656, establishing a key
financial driver for homeowners and other customers to invest in small solar power
systems (under 10 kW) cost-effectively. Net metering was expanded in 2001, with
AB-58, to include systems sized up to 1 megawatt (MW). AB-58 removed the 2002
sunset on net metering, but replaced it with a cap equal to one-half of one percent
of a utility’s total aggregate peak demand. AB-58 expressly exempted LADWP from
the net-metering program.1 Since January 2001, utility customers statewide have
installed 596 net metered projects totaling 25.1 MW.
AB-58 was codified in California Public Utilities Code Section 2827. This section
exempts net-metering customer-generators from “standby rates,” which are
monthly charges based on costs the utility incurs for installing and maintaining

1

California Public Utilities Code § 2827(b)(3) exempts LADWP by definition: “Electric distribution utility
or cooperative” means an electrical corporation, a local publicly owned electric utility, or an electrical
cooperative, or any other entity, except an electric service provider, that offers electrical service. This
section shall not apply to a local publicly owned electric utility that serves more than 750,000 customers
and that also conveys water to its customers. While exempt from the state net metering program,
LADWP has developed its own program, which is identical to the state program except that any
remaining credits are forfeited at the termination of service instead of at the end of a 12-month period.
The 1MW limit also applied for LADWP’s net metering program.
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distribution infrastructure to serve the customer’s load when the customer’s
generating system is not operating. Section 2827 also exempts customergenerators from any additional demand, interconnection or other charges not paid
by a customer without net metering. Currently, CPUC regulations provide that the
customer owns all RECs associated with renewable generation that is sold to a
utility under a net-metered transaction.
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However, under California net-metering law, customers, as noted above, cannot be
paid for excess generation, and credits earned through net metering can only be
accumulated for a 12-month period. Once that period expires, the credit is lost.
The net-metering program is therefore unattractive to a customer generator that
would, on a net basis, provide a significant amount of renewable energy to the host
utility. To remedy this economic disincentive to build larger-scale renewable
energy facilities, the legislature has developed the FIT, which is discussed below.
There are several pieces of proposed legislation that would make utilization of net
metering more attractive to Metropolitan. AB-920 (2009) as proposed would
require that renewable energy generators who generate a net surplus of electricity
after a 12 month period be compensated for the electricity, either in payment or in
the form of a credit. While the generator would be compensated for excess
electricity, the RECs for the surplus electricity would transfer ownership to the
electric utility and that electricity would count toward their RPS. AB-560 (2009)
would increase the limit on net metering from 2.5% to 5% of the electric utilities
aggregate customer peak demand. Metropolitan is also sponsoring legislation that
would increase net metering caps to 10 MW.
As a retail electric customer with multiple large facilities in three utility service
areas, Metropolitan could realize significant energy savings by building renewable
energy facilities at its pumping stations and waste water treatment sites (Figure 32) even if the proposed legislation is not passed. Such a procurement strategy
could provide additional savings if the District were able to take advantage of the
solar incentives discussed in this Appendix, and receive rebates for the costs it
incurs to build those facilities. In addition, Metropolitan would be able to either
use the RECs associated with the renewable generation to satisfy any applicable
regulatory requirements or sell the RECs to regulated utilities for a profit.
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b) Feed-In-Tariffs – AB-1969 & SB-380
A feed-in tariff is an incentive structure to encourage the adoption of renewable
energy by requiring electricity utilities to buy renewable electricity at rates set by a
regulatory agency. Unlike net metering, a FIT requires two meters, one to measure
consumption, the other to measure generation. More importantly, unlike net
metering, under an FIT, customer generators are paid for net-generation.

Assumptions

The California Feed-In Tariff Program was developed as part of the California RPS
program, codified at Public Utilities Code Section 399.20. First established in 2006
by AB-1969, the law directed the CPUC to develop FITs to support the deployment
of renewable resources at publicly-owned water and wastewater treatment
facilities within the service territories of the CPUC-regulated IOUs. AB-1969
allowed the owners of these facilities to build small, renewable facilities throughout
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their system and sell the power back to the utility. AB-1969 does not regulate
LPOEUs. AB-1969 also applied only to renewable facilities with a capacity of 1.5
MWs or less. In July of 2007, the CPUC adopted Decision (D.) 07-07-027 to
implement AB-1969, establishing the pricing terms for the tariffs. With the passage
of SB-380 in 2008, the Legislature amended the FIT Program in California Public
Utility Code Section 399.20 to make the FIT applicable to all eligible renewable
generators and to increase the program cap to 500 MW (previously set at 250
MW).
The current rate that the IOUs will pay for a unit of electricity under a FIT varies
between a base amount $0.10/kWh and $0.125/kWh with a scaling factor. The
scaling factor is based on the season and time of energy generation. The base
amount varies depending on when the system is installed and the length of the FIT
contract. Under the “total” agreement, the electric utility will purchase all of the
energy produced by the system and the producer will purchase all of its energy
from the electric utility. Under the “excess” agreement, energy generated by the
system is first used to meet on-site demand and the electric utility purchases all
excess electricity. In either scenario, the electric utility retains the rights to the
RECs for the electricity it purchases and the purchased renewable electricity will
count towards its RPS goals.
On October 13, 2009, the Governor signed SB-32. The law increases the statewide
program cap from 500 MWs to 750 MWs and expands the applicability of the FIT
program from renewable facilities with a capacity of up to 1.5 MW to renewable
facilities with a capacity of 3 MW or less. The law also expands to FIT program to
LPOEUs. The CPUC is investigating further expansion of the FIT program, including
expanding the FIT from 1.5 MW to up to 20 MW (CPUC, 2009).
Metropolitan should be able to benefit from the FIT program for solar facilities
within SCE’s service area. With the passage of SB-32, Metropolitan should also
benefit from FIT programs in the LADWP and RPU service territories once their
programs are established. The expansion of the unit capacity limit from 1.5 MW
would also, potentially, increase the financial benefits of the program. The FIT
program is currently not available for a solar facility that participated in the CSI,
Self-Generation Incentive Program, the Renewable Portfolio Standard (RPS)
program, net metering programs, or any other ratepayer-funded generation
incentive program. This could make the feed-in-tariff option less attractive then a
distributed generation system that can receive rebates and other incentives. In
addition, the loss of the RECs for the renewable generation might create a financial
disincentive. The ultimate determinant of the economic utility of participating in an
FIT program, however, will be the rate at which the utility purchases the energy
from the customer.2

2

There has been recent controversy over the CPUC’s authority to implement FITs. SCE recently
argued that the development of FITs establishes wholesale electric rates which are solely within FERC’s
jurisdiction, not that of the CPUC or any other state agency. It is unclear how this debate will be
resolved, and Metropolitan will continue to monitor the proceedings at the CPUC.
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c) Virtual net metering – AB-2466
With the passage of AB-2466 in 2008, codified in California Public Utility Code
Section 2830, the legislature authorized local governmental entities to receive a
credit of up to 1 MW on their electric bill for excess renewable energy generated at
one facility, and credit it against other retail electric accounts for other facilities, so
long as all facilities are within one service territory and located on land owned or
controlled by the governmental entity. The amount of the credit is based on the
generation component of the customer’s rate schedule, and not on the full retail
rate. At the end of every 12-month period, any generation in excess of
consumption shall be given to the utility without charge. Similar to the netmetering program, the customer owns all RECs, although the electric corporation is
allowed to count the energy toward its RPS requirements. This program currently
applies only to the CPUC-regulated IOUs. The current limit on virtual net metering
capacity is 1.5 MW, however, Metropolitan is sponsoring a piece of legislation that
would increase the limit to 10 MW.
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Unfortunately, it is not clear whether Metropolitan will be able to use virtual net
metering. Section 2830(b)(7) of the California Public Utility Code requires that the
“local government does not sell electricity exported to the electrical grid to a third
party.” Read literally, this could prevent Metropolitan from benefiting from the
program because of its sales of excess hydroelectric power to third parties.
However, it appears that the intent of the law was simply to ensure that the
renewable energy facility receiving the credit be used for the local government’s
own use, and not that no other resources could be sold. If Metropolitan hopes to
use this program, it will need to seek clarification from SCE in advance since there is
no precedent for Metropolitan’s unique circumstances. Metropolitan may request
an advisory opinion from SCE in advance of planning for use of this program. The
language of SCE’s program suggests that it cannot be used in combination with its
net metering program, so Metropolitan may choose to use net metering instead if
this anomalous issue is not readily resolved.
d) Analysis
Metropolitan was created by an act of the California Legislature and is a limitedpurpose municipal corporation whose primary purpose is to supply water to its
member agencies. Thus, the most basic and critical analysis of the legality of the
above-discussed procurement strategies must begin with the express language of
the MWD Act.
Prior to 1978, the MWD Act did not directly address the issue of electric power
construction or procurement, and Metropolitan’s authority to engage in such
activities came from implicit authority since these activities are necessary to
develop, store and deliver its water resources. In 1978, the legislature explicitly
authorized Metropolitan to generate power for its water supply purposes, as set
forth in Section 139:
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A district may acquire, construct, operate, and maintain any and
all works, facilities, improvements, and property to provide,
generate, and deliver electric power within or without the state
necessary or convenient to carry out the objects or purposes of the
district.
In its 1978 revisions to the MWD Act, the legislature also specifically empowered
Metropolitan to engage in energy transactions with third parties, with certain
limitations, as set forth in Section 139.1:
A district may (a) pursuant to contract, provide, sell, exchange,
and deliver electric power to the United States of America or any
board, department or agency thereof; to the State of California for
the purposes of the State Water Resources Development System;
and to any public agency defined in subdivision (c) of Section 131,
private corporation or other person or entity, or any combination
thereof, engaged in the sale of electric power at retail, or (b) use
all or any part of such electric power directly or by exchange.
Based on this language and the historic practices and policies of the District, it is
clear that the type of “cost offsetting” procurement strategies discussed above are
fully consistent with the MWD Act itself. The purpose of the District is to develop,
store, and deliver water. In order to do so, it requires electric energy to convey the
water through the CRA. The pumping stations and waste water treatment facilities
necessary for this conveyance also require electric energy. Construction and use of
solar energy generation at Metropolitan’s facilities would undoubtedly therefore be
“necessary or convenient to carry out the objects or purposes of the district.” Any
agreements with utility providers necessary to construct and deliver electric energy
to District facilities, such as a net energy metering agreement or PPA, would also be
authorized.
Net metering and virtual net metering, with Metropolitan using renewable
generation solely to offset electricity costs, would be strictly compliant with the
Act, as there would be no profit motive for these activities. Entering into PPAs
under a FIT program would also be consistent with the Act. As with power that
Metropolitan purchases at wholesale to serve its CRA electric load, it is economic
and appropriate to sale or exchange excess generation, and the District’s authority
to do so has never been legally challenged. Selling excess generation from a solar
energy facility built primarily to serve the District’s electric load is functionally and
legally equivalent to selling or exchanging excess Hoover or Parker Dam power.
As discussed above, California has enacted generally applicable laws with respect to
net metering, feed-in tariffs, virtual net metering, and solar incentives. As a retail
electric customer of three electric utilities, Metropolitan is legally entitled to
participate in some, if not all, of these programs. With respect to Metropolitan’s
policy principles, while constructing solar installations at its facilities may not
increase reliability of electric supply, it would certainly be economic and capitalize
on economic efficiencies. By the nature of the project, it would promote
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environmental stewardship by reducing the District’s carbon footprint and
procuring renewable energy resources. Whether or not building solar generation
and operating pursuant to these programs would assist in regulatory compliance
might depend on the ability to retain RECs, but switching from the host utilities’
current resource mix to a renewable, emissions free resource, Metropolitan would
certainly promote its environmental stewardship goals (Section 4). Thus, since the
Act would authorize these procurement strategies and since they would be
consistent with District policies and generally-applicable laws, it would be legally
appropriate to pursue such strategies if they meet management’s business
objectives.

2. Generate and sell-for-profit (generation or RECs)
Another potential procurement strategy is the construction of independent,
renewable resource generation on District-owned lands or elsewhere. This could
be done to provide electric energy for the operation of the CRA, with any excess
energy sold to the market, or it could be done strictly as a revenue-generating
enterprise. While this approach would provide Metropolitan with a greater degree
of autonomy over any renewable generation that it constructs and more flexibility
to generate revenues, a procurement strategy in which generation is built solely to
generate revenues is problematic for a variety of reasons.
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a) MWD Act
The core problem with any procurement strategy undertaken primarily, if not
solely, for the purpose of generating revenues is the likely conflict with the MWD
Act. Under the Act, the District may construct electric generating facilities, as it has
done with a number of small hydroelectric energy projects, if the construction is
“necessary or convenient to carry out the objects or purpose of the district.” Profitmaking has never been deemed an object or purpose of the District under the Act,
and the fact that Section 139 explicitly limits the construction of generation to the
narrow purposes of the Act makes construction for profit particularly
unsupportable from a legal perspective.3
b) Use of 1932 Act Lands
If the District sought to use its own property for the sole purpose of constructing
for-profit electric energy generation, there would be additional legal barriers. The
Act of June 18, 1932 (1932 Act) was a grant of federal lands by Congress to
Metropolitan for the purpose of constructing the CRA. The 1932 Act includes the
following reversion clause: “On the cessation of use of the land granted for the
purposes of the grant the estate of the grantee or of its assigns shall terminate and
revest in the United States.” Constructing for-profit solar generator certainly
creates the risk that the United States will invoke its reversionary rights. The risk
could be reduced by either seeking to acquire the federal reversionary interest by
purchase or release, or by obtaining written assurance from the federal
3

Assuming that such a procurement strategy would be permissible under the MWD Act, Section 139.1,
by restricting the District’s power contracting authority to entities “engaged in the sale of electric power
at retail,” would prohibit Metropolitan from selling to many market participants, including energy
marketers.
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government that the proposed use is compatible with Metropolitan’s ownership
rights and does not trigger the reversion. Absent these measures, there is a
significant risk of reversion of the property rights if Metropolitan undertakes a
purely commercial endeavor on its federally granted property that is not related to
the purposes for which the grant was made—i.e., the development, storage, and
delivery of Colorado River water.
Leasing District-owned property to a commercial generator would be less likely to
violate the Act and/or trigger the reversionary clause. An argument could be made
that leasing property that is not currently being utilized is appropriate and
financially prudent, since allowing a public asset to lie fallow is a waste of public
funds. On the other hand, allowing a commercial entity to build a generator,
presumably under a long-term lease, might be difficult to justify as “necessary or
convenient to carry out the objects or purposes of the district.”
c) Additional regulatory requirements
Any decision to produce and sell power on a wholesale basis strictly to generate
revenue undoubtedly would impose regulatory requirements upon Metropolitan,
as well as create regulatory risks, that must be considered in any decision to
fundamentally expand Metropolitan’s core business. In order to construct new
generation, Metropolitan would either need to build new transmission facilities or
interconnect to its own facilities or those owned and operated by other entities.
Interconnection to another system, such as that owned by SCE and operated by the
CAISO, would require an interconnection agreement and, likely, a participating
generator agreement, under which the CAISO could dispatch the generation to
maintain reliability. Under the FERC’s Large Generator Interconnection Policy,
interconnecting to another transmission system could also result in Metropolitan
incurring hefty costs for transmission upgrades. If Metropolitan connected to its
existing transmission, it would likely trigger the FERC’s reciprocity rules, under
which it would be required to allow other generators to connect to its system.
d) Other considerations
The construction and operation of independent generation would also require
Metropolitan to interact more directly with the CAISO in order to sell the energy,
potentially complicating the existing arrangement under which SCE manages
Metropolitan’s energy resources and schedules its load with the CAISO. Finally, the
construction of renewable generators would also require permitting from the CEC
and perhaps the South Coast Air Quality Management District (SCAQMD).
A decision to sell power for profit would also create conflict with member agencies
and impose additional costs on the District. Many of Metropolitan’s member
agencies with retail electricity functions are members of SCPPA, which is already
engaged in the development of numerous large-scale renewable and other energy
projects. For SCPPA and its members, this is a major element of their core
business.4 For Metropolitan, its core business is water supply. The development of
the large-scale energy project would require an increase in staff and support

4

Metropolitan has considered joining SCPPA to tap into its power expertise.
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resources to develop, operate and maintain generation projects, schedule and
trade the energy produced, and address the increased regulatory and contractual
requirements. It is important to distinguish the construction of generation strictly
for profit, and the construction of generation to (1) satisfy some portion of
Metropolitan electric needs at either the wholesale or retail level and/or (2) put
existing water supply or power generation resources to a more efficient use. For
example, generation built to satisfy the District’s wholesale or retail electric needs
could be sized above the District’s current needs due to economies of scale, with
the potential that the excess generation could be used at some point to serve
increased District electricity demands. A second example would be the
construction of facilities, such as Metropolitan’s numerous small hydroelectric
facilities, to generate electric energy as a by-product of the water supply operations
of the CRA, even if this power is sold at wholesale and not used to meet the
District’s electricity needs. These approaches would not be legally problematic
under the Act as they stem from appropriate uses of electric power generation to
fulfill the District’s mission to develop, store and transport water.
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A procurement strategy involving the construction of renewable energy generators
strictly to generate revenues would meet a number of the policy principles:
economic use of resources, anticipatory compliance with RPS and GHG emissions
requirements, and fostering environmental stewardship. It would also enable to
District to procure RECs, which it could either sell or, if Metropolitan becomes
subject to RPS standards, use for regulatory compliance requirements. Such “forprofit” generation does not, however, seem to be contemplated under the
“economics” principle, which merely promotes cost avoidance. The procurement
strategy might be accomplishable through existing law, provided that Metropolitan
is willing to incur increased regulatory oversight by State and Federal agencies such
as the CAISO, the CEC, and the FERC. The strategy appears, however, to conflict
with the MWD Act itself, which does not contemplate that the District will engage
in energy construction or procurement for any purpose other than to accomplish its
core mission of developing, storing, and transporting its water resources. This
conflict with Metropolitan’s founding document would be further exacerbated if
the District chose to construct generation on lands it has obtained from the federal
government, as the proposed use could invoke the federal government’s
reversionary interest.
In sum, while revenue generation from the construction of renewable resource
generation might accomplish the business objectives of Metropolitan, it has
significant legal and regulatory risks and would likely violate the MWD Act and
impose regulatory obligations and costs on the District.

Appendix G
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3. Serve customers at retail
Another strategy to generate revenues using Metropolitan’s energy resources is
serving retail electric customers within those member agency areas in which the
District owns (or could construct) generation, transmission and distribution
facilities. As with the strategy of constructing generation for profit, however, this
strategy would encounter numerous legal and regulatory barriers and/or
prohibitions.
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a) MWD Act
The core problem of the serving-customers-at-retail strategy is the same problem
encountered with the building-and-selling-generation-for-profit strategy, that it is
likely inconsistent with the MWD Act itself. The MWD Act states expressly that
Metropolitan was created for “the purpose of developing, storing, and distributing
water for domestic and municipal purposes and may provide, generate, and deliver
electric power within or without the state for the purpose of developing, storing,
and distributing water for such district” (MWD Act § 25). In Section 139.1 of the
Act, Metropolitan is permitted to “contract, provide, sell, exchange, and deliver
electric power” to the federal government, any state agency, or any other entity
“engaged in the sale of electric power at retail.” The clause “engaged in the sale of
electric power at retail” modifies the category of public and private entities to
which Metropolitan is authorized to sell power. Implicit in this clause is that
Metropolitan may only sell power at wholesale to retailers and its members and
others with retail electricity functions, and may not sell directly to other entities on
retail basis—or directly to Metropolitan member agencies or other agencies for
their own direct consumption. Read together, Sections 139 and 139.1 of the MWD
Act provide Metropolitan with broad authority to develop power for use at its
facilities for water supply purposes, as well as to sell excess power on a wholesale
basis. Metropolitan currently exercises this authority through its sales of excess
hydroelectric power. Additionally, a reasonable interpretation of Metropolitan’s
authority allows for the development of power at off-site facilities to offset electric
costs at Metropolitan facilities as permitted under existing law. However, it does
not provide authority to sell energy to member agencies or others on a retail basis.
If Metropolitan wants to provide direct retail service, it would require legislative
amendments to the MWD Act, in addition to modification of California public
utilities law, as discussed below.
b) Direct access
A further legal impediment to Metropolitan’s ability to serve electricity customers
at retail is the current suspension of California’s “direct access” legislation. As part
of California’s landmark electric utility restructuring or deregulation law (enacted
via AB-1890 in 1996; Table B-3), third parties were for the first time permitted in
1998 to sell energy directly to retail customers of investor-owned utilities. This
concept, known as “direct access,” was intended to encourage competition in
energy markets by allowing retail customers to select from a number of
5
competitive energy service providers rather than from the IOUs. As a result of the
2000-2001 energy crisis, wherein a number of direct access providers ceased to
provide energy due to its high cost and “dumped” their customers on the local
IOUs, the State suspended direct access until the energy contracts executed by the
State to acquire energy for the insolvent IOUs are terminated or expire (California
Water Code § 80110). This is expected to occur by 2013, and there is an ongoing
proceeding before the CPUC to examine how to expedite the re-emergence of

5

Since LPOEUs were not subject to state jurisdiction, they were not required to offer direct access and
none have.
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direct access. Until the ban on direct access is lifted, however, Metropolitan has no
legal authority to serve retail customers in SCE’s service area.
The legislature has also authorized formation of “community choice aggregators”
(CCAs), through which retail customers in a local community can aggregate their
electric load and receive electric service from the CCA. Although this is a form of
direct access, no CCAs have yet been established because of strong opposition from
the host IOU. A public agency wishing to be a CCA must offer retail electric service
to all residential customers within its jurisdiction, pursuant to California Public
Utilities Code section 366.2(b). For this reason, formation of a CCA would not be
feasible for Metropolitan given the breadth of its jurisdiction, since it would have to
offer retail electric service to the approximately 19 million residents within
Metropolitan’s service area.

Appendix A
Historic and Future
Energy Pricing and
Drivers Analysis
Appendix B
Discussion of
Regulations
Appendix C
Board Letters
Appendix D
Discussion of Climate
Change
Appendix E
Power Generation
Technologies
Appendix F
Power and Water
Nexus
Appendix G
Assumptions

Direct access proponents face formidable challenges. The IOUs and local utilities,
including Metropolitan members and the limited sub-agencies with retail electricity
functions, have historically opposed, and are likely to continue to oppose, efforts to
institute direct access, as they see it as a threat to their core business. For
example, PG&E is currently funding a ballot initiative that would require local
governments to obtain a two-thirds vote, if any public funds or bonds are involved,
in order to provide electricity to new customers, expand such service to new
territories, or provide electricity through a community choice program. PG&E has
challenged all efforts to create CCAs for the same reasons it opposes direct access
generally. For these reasons, the IOUs and local utilities are likely to oppose any
efforts by Metropolitan to encroach on the existing retail electric market. In light of
this anticipated opposition, it would be difficult for Metropolitan to obtain the
legislative fixes necessary to allow it to service its members or others on a retail
basis.
c) Other implications
There are a number of other legal and regulatory considerations with respect to
this revenue-generating strategy. As mentioned, an attempt by Metropolitan to
begin serving the retail customers of the IOUs would meet with swift resistance.
One component of this resistance will be the legal requirement to pay “exit fees.”
Pursuant to state law, the CPUC has implemented a program under which
“departing load” must pay fees associated with the cost of the energy that DWR
procured during the energy crisis to serve the IOUs’ customers. Combined with the
Competition Transition Charge (a relic of deregulation) that departing customers
must pay, these costs could be significant. In addition, if Metropolitan begins
serving retail load it will be subject to California CAISO resource adequacy
requirements and, potentially, other obligations under the CAISO Tariff. As noted
in the March 1997 “Report on Provision of Power Supply Services to Metropolitan
Member Agencies” (1997 Report), serving retail electric customers may also subject
Metropolitan to the FERC’s reciprocity requirement, under which it could be
required to make its transmission system available to other utilities (See 1997
Report at 4-13).

1/12/2010 Board Meeting
B-25 Page

9-2
Energy Management and Reliability Study

Attachment 2, Page 203 of 288
December 2009
Metropolitan Water District
of Southern California

Finally, a decision to serve electric customers at retail would almost certainly
subject Metropolitan to State and Federal GHG emissions and RPS requirements.
Under AB-32 and proposed federal climate change legislation (Section 4), the
obligation to reduce GHG emissions is placed on retail electric providers. Similarly,
State legislation and Executive Orders related to RPS requirements pertain to either
retail electric providers or load-serving entities. To the extent that these laws and
regulations apply to governmental entities, and it is in most all cases the intent of
the legislators and regulators to do so, serving electric customers at retail would
substantially increase Metropolitan’s exposure to regulatory requirements and
costs.
The 1997 Report and the associated Board approvals concluded that it was legal
and financially prudent for Metropolitan to pursue a strategy of revenue generation
through serving some portion of member agencies’ retail electric customers. The
stated objectives for investigating such a strategy were, among other things, to
reduce power costs for the member agencies’ retail electric loads and provide a
revenue stream to reduce water rates. See May 20, 1997 Board Report Re: Direct
Access for Water Supply Retail Electrical Loads at 2. However, the Energy Policy
Principles adopted on August 19, 2008 do not seem to contemplate this aggressive
approach. The economics principles focus entirely on reducing energy costs,
obtaining federal, state, and local grant money, and assuring that any charges
allocated to Metropolitan are done so pursuant to cost causation principles.

d) Summary
As with the strategy of revenue generation through the construction of
independent generation resources, the strategy of revenue generation through
serving electric customers at the retail level suffers from a number of legal and
regulatory barriers and prohibitions. Aside from the likely inability to pursue such
an approach under the current language of the MWD Act, the current prohibition
on Direct Access renders this strategy unworkable, at least under the prohibition is
removed. In addition, the likelihood that Metropolitan would become subject to
numerous legal and regulatory requirements that are not currently imposed on it,
most importantly, CAISO resource adequacy, FERC reciprocity rules, and State and
Federal GHG emissions reduction and RPS mandates, make this strategy very risky
and potentially costly. With respect to the District’s policy principles, this strategy
may meet certain economic goals, it will not increase reliability, assist with
regulatory compliance, or promote environmental stewardship.
Notwithstanding any business-related advantages of generating revenues by
serving electric customers at retail, such a strategy is inconsistent with existing
laws, would expose the District to significant regulatory requirements and costs,
and would not meet the District’s policy principles.

1/12/2010 Board Meeting
B-26 Page

9-2
Energy Management and Reliability Study

This page intentionally left blank

Appendix A
Historic and Future
Energy Pricing and
Drivers Analysis
Appendix B
Discussion of
Regulations
Appendix C
Board Letters
Appendix D
Discussion of Climate
Change
Appendix E
Power Generation
Technologies
Appendix F
Power and Water
Nexus
Appendix G
Assumptions

Attachment 2, Page 204 of 288
December 2009
Metropolitan Water District
of Southern California

1/12/2010 Board Meeting
C-1 Page

9-2
Energy Management and Reliability Study

Attachment 2, Page 205 of 288
December 2009
Metropolitan Water District
of Southern California

Appendix C

Board Letters
A. List of
Documents

The Board letters contained in this Appendix are:
1. Report on sustainable water deliveries from the
Colorado River factoring in climate change
August 28, 2009
2. Board of Directors: Water Quality and
Operations Committee - Board Action Letter
August 19, 2008
3. Board of Directors: Water Quality and
Operations Committee - Board Action Letter
July 14, 2009
4. Board of Directors: Engineering and
Operations Committee - Board Action Letter
September 15, 2009
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Report
Office of the General Manager



Report on sustainable water deliveries from the Colorado River
factoring in climate change

Summary
The ability of the Colorado River to meet the future water supply needs of the American Southwest has been at
the forefront of recent media reports. A 2008 Scripps’ report suggested that Lake Mead could run dry by 2021.
That report was later amended to conclude that the impacts of climate change are not nearly as severe as stated in
the earlier report. The Colorado River Basin has been one of the most studied areas regarding potential climate
change impacts and implications to its water resources. Most studies agree that the Colorado River will not
deliver as much water in the future as it does today. Colorado River Basin water managers are working
collaboratively to cope with projected future water supply and demand imbalances by evaluating options to
reduce water supply demands within their regions and looking for opportunities to augment the River’s supplies.

Attachments
Attachment 1 - Summary of Recent Climate Change Studies

Detailed Report
The Colorado River of Today
The water supply provisions of the Colorado River Compact were based on a relatively short period of record
(1900-1922) that was wetter than the 100 year average flow of the River. As a result, the Colorado River and its
tributaries cannot reliably meet all of the future compact deliveries in the Upper and Lower Basins, as well as the
1944 treaty delivery requirement to Mexico. Based on the last 100 years, the average inflow in the Colorado
River Basin has been about 16.4 million acre-feet (maf), while the Compact allocated 16 maf/yr and the Mexican
Treaty another 1.5 maf/yr. Recent computer model results suggest that there is a 44 percent likelihood of a Lower
Basin shortage by the year 2026. By that timeframe, the Upper Basin demand for water is projected to be about
4.9 million acre-feet.
California has already had to adapt to reduced deliveries of Colorado River water. For 50 years through the year
2002, the state was able to use up to 1 million acre-feet a year above its 4.4 maf/yr apportionment as it was able to
use surplus water or water not needed by Arizona and Nevada. As recently as the year 2000, hydrologic models
projected that there was enough surplus water to meet California’s need through 2016, but due to recent drought
conditions those projections proved to be too optimistic. California had to reduce its use in 2003 and has
remained within its basic apportionment ever since. Under the existing priority system, California is somewhat
protected against future reductions because its basic apportionment has a higher priority than most of the use in
Arizona and Nevada. Lower Basin shortages would need to exceed about 1.7 million acre-feet in any one year
before California would be curtailed. Results of Metropolitan’s modeling of the projected operations of the
Colorado River system reservoirs shows that Metropolitan’s use would likely not be affected by a Bureau of
Reclamation declaration of shortage through 2026 (the period of the Interim Guidelines for Lower Basin
shortages).
The Impacts of Climate Change to the Colorado River
Over the last several years there have been numerous and sometimes conflicting predictions about the impact of
climate change on the Colorado River. Nearly all the studies conclude that the flow of the Colorado River will be
reduced by climate change, but that is where their similarities end. Three studies completed from 2005 through
2007 concluded that climate change could reduce the runoff of the Colorado River by anywhere from 5 percent to
45 percent by the year 2050. Obviously, that range of potential impacts is very large and makes it very
challenging for water agencies to develop water management plans to address climate change. Attachment 1

Date of Report: August 28, 2009
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provides a summary of recent climate change studies conducted between 2005 and 2009. Included in the detailed
descriptions are the findings and conclusions of each of the studies.
Earlier this year, a group of scientists from the National Oceanic and Atmospheric Administration, the Bureau of
Reclamation, and various universities came together to attempt to reconcile the wide range of conclusions about
future Colorado River flow. This work was reported in the May/June 2009 edition of Southwest Hydrology.
They found that it is difficult to determine the potential impacts of climate change in the Colorado River Basin for
the following reasons:


The topography of the Colorado River is difficult to model: Hydrologists have found that 80 percent of the
flow of the Colorado River Basin is dependent upon the precipitation that falls in about 20 percent of the
highest portions of the Upper Basin, in the mountains above 8,000 feet. Most global climate models are not
precise enough to take into account the highly variable nature of the Colorado River Basin and can provide
misleading results.



There is a lack of data for much of the Colorado River Basin: While the runoff in the Colorado River Basin is
well known, many other important watershed datasets are not readily available, including vegetation and soil
type, soil moisture, wind, and solar radiation. These factors are important to predict future Colorado River
flow and lack of data in remote areas presents uncertainty.



Differences in modeling methods: Different modeling methods predict different runoff impacts from
temperature increases due to greenhouse gas emissions. Each study used a different technique ranging from
(1) using output from global climate models, to (2) statistical relationships relating temperature and
precipitation to streamflow, to (3) a sophisticated model simulating soil moisture, snow accumulation and
melt and evapotranspiration. Additionally, there is uncertainty in the level of greenhouse gases in the future
based on the existing scientific literature.

Researchers will likely never agree on a single prediction for Colorado River runoff in the future, but the team of
scientists have narrowed the range to a 5 percent to 20 percent reduction by 2050 since the 2007 study of impact
to the Colorado River was first released. Their work is still in progress with the goal to further narrow the range
of climate change induced flow reductions. In the short-term (the next 15 years), the relatively small risk of
depleting reservoir storage provides Reclamation, representatives of the Colorado River Basin states, and water
users within those states the time to determine how to mitigate a significant fraction of the long-term risk posed
by climate change.
Sustainability of the Colorado River
Water managers are aware that the Colorado River today cannot meet future Colorado River Compact deliveries
and that climate change will further stress supplies. Whether climate change reduces runoff by 5 percent or
20 percent by 2050, actions must be taken now to meet future needs. In 2007, the Basin States and Reclamation
developed guidelines that provided water agencies tools to allow them to develop and store new water supplies.
Individual agencies have taken advantage of those guidelines and have worked to reduce demands and increase
supplies through water management programs. Both the Southern Nevada Water Authority and Metropolitan
have implemented aggressive water conservation programs in their service area and increased supplies through
programs such as agricultural to urban transfers and funding the Drop 2 Reservoir project. These actions have
helped both agencies meet their near-term water supply needs.
On a broader scale, the seven Colorado River Basin States have come together with Reclamation on two
important initiatives to meet future water supply needs: (1) conducting a two-year study to determine ways to
meet future supply and demand imbalances in the Colorado River Basin, and (2) discussions with Mexico on a
long-term binational water management proposal. The Basin Studies program is sponsored by Reclamation under
the Water for America initiative. This two-year study will be funded jointly by the Basin States and Reclamation
to: (1) complete a comprehensive analysis of the future water supply needs of the Basin taking into consideration
climate change, (2) evaluate new conservation opportunities, and (3) recommend specific water augmentation
projects to move forward. Included in the study will be consideration of imports from other basins and large-scale
Date of Report: August 28, 2009
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desalination plants. In general, the goal of the study will be to develop a plan for the Colorado River to reliably
meet water supply needs through 2050.
The discussions with Mexico focus on extending the provisions of the 2007 Interim Guidelines to include
opportunities for additional water management working jointly with Mexico. Specifically, the proposal seeks to
develop shortage criteria for Mexico along with strategies to manage those shortages, allow Mexico to store water
in the United States, and allow agencies within the United States to partner with Mexico to fund desalination
projects or agricultural conservation activities and receive a portion of the water created. If successful, an
agreement could be implemented within the next two years.
Conclusion
The Colorado River cannot adequately meet the future water demands in all of the Basin States, and climate
change impacts would likely aggravate this condition. Several water agencies have developed plans to address
water cutbacks and continue to implement actions to meet future needs. The Basin States and Reclamation
moved forward in 2007 by implementing the Interim Guidelines that allow states to develop and store new water
supplies. Today, these agencies are conducting a study that will develop recommendations to address current and
projected water supply and demand imbalances, permitting sustainable water deliveries from the Colorado River
into the future and working to develop a binational water management proposal that could provide new
opportunities in the next few years.
The potential risks of global climate change to water resources, though uncertain, justify further research into the
issue and implementation of flexible, multi-benefit “no regret” solutions such as those already being developed
under Metropolitan’s Integrated Resource Plan (IRP). “No regret” solutions provide water supply and quality
benefits today, while increasing the ability to manage climate change impacts as they occur into the future.
Examples of multiple benefit solutions found in the IRP include non-structural programs such as conservation,
and structural programs such as groundwater conjunctive use, recycling and the Inland Feeder, which improved
Metropolitan’s capabilities to receive, store, and manage water between wet and dry periods.

Date of Report: August 28, 2009
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Summary of Recent Climate Change Studies
Six climate change studies related to the Colorado River have been published between 2005 and 2009. In
addition, a federal report to explore strategies to improve water management by tracking, anticipating, and
responding to climate change was published earlier this year. Wide variations in analytical methodologies used
by the authors of the climate change studies resulted in a wide range of conclusions regarding the impact of
climate change in the Colorado River Basin. An assessment is currently under way among a group of scientists
from the Federal Government and universities to narrow the range of predictions of climate change induced
streamflow reductions. Significant findings and conclusions of each of the studies is summarized here, beginning
with the most recent.
August 21, 2009 Article in Water Resources Research
An article by Balaji Rajagopalan, Kenneth Nowak, James Prairie, Martin Hoerling, Benjamin Harding, Joseph
Barsugli, Andrea Ray, and Bradley Udall, “Water supply risk on the Colorado River: Can management mitigate?”
was published in Water Resources Research on August 21, 2009. The authors are with the University of
Colorado at Boulder, the U.S. Bureau of Reclamation (Reclamation), the National Oceanic and Atmospheric
Administration, and AMEC, Inc.
In the article, they sought to quantify the risk of water storage depletion in future years using existing assumptions
for demand growth, known historical climate variability, and projected reductions in Colorado River flow due to
climate change. The magnitude of reductions due to climate change is uncertain given the complexity of physical
processes and terrain effects that determine Colorado River flow and given the range of climate model projections
of temperature and precipitation. The authors considered a set of management alternatives to investigate potential
flexibility in the system to mitigate risk as water in storage in the system is determined by management
alternatives as well as by the physical reservoir system.
The authors found that risks in 2026 are relatively low and concluded that flexibility within the existing
framework of agreements exists to mitigate a significant fraction of the long-term risk. However, the relatively
small risk of reservoir storage depletion in the next two decades should not lull policy makers into inaction
because if by 2026, the detection of climate change confirms a 20 percent reduction in average annual flow over a
50-year period, the policy options available may be limited in their ability to mitigate the large risk in the
long-term. The authors stated that their simple assessment is not meant to guide policy nor to invoke specific
stakeholder action, but to inform the discussion of risks and the development of more detailed modeling. There is
sufficient realism, however, that the results should warrant ongoing discussion on the need to reduce uncertainties
in climate change projections and the need to explore increased flexibility in water resource management by
decision makers. Table 1 summarizes the authors’ findings.
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Table 1 - Risk of Depleting Reservoir Storage
Climate Change Induced
Flow Reduction
Assumption

Interim Guidelines Period
Year 2026

Year 2057

With Existing Forecast of
Upper Basin Demand
Growth and Continuation
of Interim Guidelines

With Reduced Rate of
Upper Basin Demand
Growth and Increasing
Shortages Imposed to
between 5 and 8 Percent

None

Less than 4 percent

7.5 percent

1.5 percent

10 Percent Reduction
over 50-Year Period

Less than 7 percent

26 percent

11 percent

20 Percent Reduction
over 50-Year Period

Less than 9 percent

51 percent

33 percent

Less than 3 percent

34 percent

Reducing initial
demand by 800,000
acre-feet to reflect
use in 2006

2009 U.S. Geological Survey Circular
U.S. Geological Survey Circular 1331 “Climate Change and Water Resources Management: A Federal
Perspective”, 2009, authored by representatives of the Survey, Reclamation, the U.S. Army Corps of Engineers,
and the National Oceanic and Atmospheric Administration suggested an adaptive management approach toward
climate uncertainty that would follow a course of monitoring conditions and adjusting policies as changes are
observed or scientific uncertainty is reduced.
2008-2009, Scripps Institution of Oceanography
March 29, 2008 Article in Water Resources Research
On March 29, 2008, an article by Tim P. Barnett and David Pierce of the Scripps Institution of Oceanography,
“When will Lake Mead go dry?” was published in Water Resources Research. In that article, the authors stated
that there was a 10 percent chance that live storage in Lakes Mead and Powell will be gone by about 2013 and a
50 percent chance that it will be gone by 2021 if no changes in water allocation from the Colorado River system
are made. The authors’ findings were driven by climate change, the effects of natural climate variability, and the
operating status of the reservoir system.
They indicated that the Intergovernmental Panel on Climate Change Working Group II concluded that there will
be a 10 to 30 percent runoff reduction over some dry regions at mid-latitudes during the next 50 years. They
assumed similar reductions in Colorado River flow. They stated that despite the range of precipitation results,
climate models are strikingly consistent in projecting decreased runoff in the Colorado River Basin. The authors
assumed there would be no changes in water management strategies and sector-specific consumptive use in
arriving at their finding that there was a 50 percent chance that a single reservoir of the combined size of Lake
Powell and Lake Mead would reach dead storage, assuming a 20 percent reduction in runoff due to climate
change.
April 20, 2009 Article in Proceedings of the National Academy of Sciences
An article by Tim P. Barnett and David Pierce, “Sustainable Water Deliveries from the Colorado River in a
Changing Climate”, was published online in the Proceedings of the National Academy of Sciences (Proceedings)
on April 20, 2009. In the article, the authors explored whether currently scheduled future water deliveries from
the Colorado River system are sustainable under different climate change scenarios. They concluded that if
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climate change reduces runoff by 10 percent, scheduled deliveries will be reduced about 58 percent of the time by
2050. If runoff is reduced by 20 percent, deliveries will be reduced about 88 percent of the time by 2050. In
reaching their findings, the authors repeated their simulation for 10,000 independent sequences of Colorado River
flow. The authors compared the total water available to the total demand without regard to how the complex legal
rights to Colorado River system water determine where shortages occur.
Changes Made by the Authors of the April 20, 2009 Proceedings Article to their Previous Work
To address comments on their previous work of which they became aware, the authors included inflows to the
Colorado River and Lake Mead between Glen Canyon and Hoover dams in their 2009 work. They included the
reduction in Colorado River deliveries adopted by the Secretary of the Interior (Secretary) in December 2007
when the elevation of Lake Mead drops below 1,075 feet (9.4 million acre-feet in storage). Also, they reduced
evaporation from Lakes Powell and Mead as the reservoir levels drop as less surface area is available for
evaporation loss.
The authors stated that their simple water budget model has an error of 1.5 million acre-feet per year, which arises
primarily from their neglect of operations of other reservoirs in the Colorado River system. Their sensitivity tests
to the imperfectly known flows and losses in the Colorado River system showed that the uncertainties could shift
their results by five years. Compared to their previous work, the authors found a delay in the onset of problems
by about four to ten years when using the same inflow assumptions.
Conclusions in the April 20, 2009 Proceedings Article
The authors concluded that the difficult situation they describe could be ameliorated by aiming for more realistic
deliveries that are lower than those currently scheduled. Their results suggested that sustainable deliveries from
the Colorado River require a reduction of up to 20 percent relative to current deliveries. They concluded that
these potentially substantial shortfalls are likely manageable through a program of water reuse, conservation,
transfers between users, and other measures, referencing the National Research Council’s Committee on the
Scientific Basis of Colorado River Basin Water Management’s 2007 report. The authors concluded that the
Secretary’s Interim Guidelines were a good first step, but its failure to consider climate change effects means that
it is working from overly optimistic assumptions. They suggested that it would be prudent to implement a system
to predict river flow at ten- to twenty-year time scales as soon as possible.
August 21, 2007 Report of the Bureau of Reclamation’s Climate Technical Work Group
Reclamation initiated a multi-faceted research and development program in 2004 to enable the use of other
methods for projecting possible future inflow sequences for Colorado River planning studies. The effort has been
designed to provide information for the near-term as well as the longer term that involves collaboration with other
research organizations, for example the National Oceanic and Atmospheric Administration and the Geological
Survey. The effort is focused on:


Collaboration with other federal agencies and universities to conduct research to gain knowledge and
understanding of the potential impacts of climate change and climate variability on the Colorado River, and



Improvement of Reclamation’s decision support framework, including modeling, to utilize new information
when it becomes available.

A Climate Technical Work Group1 was formed to provide information to Reclamation about the state of
knowledge regarding climate science and future climate conditions and their impact on water resources,
particularly on the Colorado River Basin.

1

The climate scientists invited to participate in the Climate Technical Work Group were Balaji Rajagopalan (University of
Colorado/CIRES/WWA), Marty Hoerling (NOAA), David Yates (NCAR), Claude Tebaldi (NCAR), Kelly Redmond (Desert
Research Institute). Jonathan Overpeck (University of Arizona), Dan Cayan (Scripps Institute of Oceanography), Kevin
Trenberth (NCAR), Dennis Lettenmaier (University of Washington), Tom Piechota (University of Nevada, Las Vegas),
Randall Dole (NOAA), and Phil Mote (University of Washington).
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The Climate Technical Work Group’s report, “Review of Science and Methods for Incorporating Climate Change
Information into Reclamation’s Colorado River Basin Planning Studies” was published in August 2007. Its
findings include:


The impact of climate change on the region of the Colorado River Basin is less certain.



Regional precipitation response is less certain with comparable evidence suggesting wetter or drier
conditions.



Although an aggregate measure from the research may be that a decrease in runoff can be expected, runoff
response across these studies ranges from increase to decrease.



The degree to which current methods can provide reliable information about future streamflow variability
remains a question.

The Climate Technical Work Group has recommended that Reclamation encourage and support work to improve
scientific understanding of precipitation response to climate change as it is not clear how relatively wet
mountainous areas such as the Rockies should respond. In addition, the ability of current climate models to
simulate future precipitation conditions at this scale is questionable.
July 9, 2007 Hydrology and Earth System Sciences Article
An article by N. S. Christensen and D. P. Lettenmaier of the University of Washington, “A multimodel ensemble
approach to assessment of climate change impacts on the hydrology and water resources of the Colorado River
Basin” published in Hydrology and Earth System Sciences on July 9, 2007 reported on the effects on reservoir
storage, average hydropower production, and releases from Glen Canyon Dam. The authors utilized 11 climate
models under two scenarios, one in which there is relatively unconstrained growth in greenhouse gas emissions
and the other in which increases in emissions are eliminated by the year 2100.
Although the trend was for very slight decreases in mean precipitation, with runoff decreases driven primarily by
increased evapotranspiration, there were simulations where increased precipitation offset increased evaporative
losses resulting in increased runoff. The number of simulations with this character in general decreased with
time. Although the annual mean precipitation decreased very slightly, average winter precipitation increased.
Basin average April 1 snow water equivalent declined in both scenarios, leading to the conclusion that this is
attributable to higher winter temperatures and the resulting decrease in the ratio of precipitation falling as snow
vs. rain.
Averaging the results from the 11 climate models, the water resources model projected Lake Mead elevation
declining below 1,025 feet (5.8 million acre-feet in storage) in 11 and 10 percent of the years in the 2010 to 2039
period for the unconstrained growth in greenhouse gas emissions and the elimination in greenhouse gas
emissions’ increases scenario, respectively; 24 percent and 27 percent of the years in the 2040 to 2069 period,
respectively; and 27 and 26 percent of the years in the 2070 to 2099 period, respectively.
January/February 2007 Southwest Hydrology Article
An article by Martin Hoerling of the National Oceanic and Atmospheric Administration and Jon Eischeid of the
University of Colorado, “Past Peak Water in the Southwest” in the January/February 2007 edition of Southwest
Hydrology, reported on the authors’ use of a formula to determine the probable hydrologic consequences of future
climate change. The formula utilized the Palmer Drought Severity Index averaged over the Upper Colorado River
Basin to project the annual Colorado River natural flow at Lees Ferry, Arizona, downstream of Lake Powell. The
Palmer Drought Severity Index calculates the cumulative effects of precipitation and temperature on surface
moisture balance. Drought develops when evapotranspiration exceeds the supply available from precipitation and
soil moisture relative to a region’s “normal” water balance. Reservoir storage is not included in determining the
Palmer Drought Severity Index value.
Monthly values of the Palmer Drought Severity Index were calculated for 42 climate simulations through the year
2060 using 18 different climate models. Using the formula to project Colorado River natural flow from simulated
values of the Palmer Drought Severity Index, the authors concluded the natural flow would average 10 million
acre-feet over the then next 25 years, and 7 million acre-feet from 2035 to 2060. The authors stated that based on
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the range of model outcomes: (1) they don’t know precisely how low the flow will be, (2) the natural variability in
precipitation is capable of producing “normal” flow by 20th century standards for a year or two, and (3) it is
unclear whether the historical Lees Ferry-Palmer Drought Severity Index is strictly applicable to the substantial
change in climate that is projected.
November 17, 2005 Nature Article
An article by P. C. D. Milly, K.A. Dunne, and A. V. Vecchia of the U.S. Geological Survey, “Global pattern of
trends in streamflow and water availability in a changing climate” in the November 17, 2005 edition of Nature
reported on the authors’ use of 12 climate models to project changes in runoff in 165 river basins in each of the
world’s seven continents. The climate model river basin runoff was converted to streamflow by routing the
runoff through a model of a reservoir. The changes in runoff for the period 2041 to 2060 from the 1900 to 1970
runoff were shown on a map of the world. For the Colorado River Basin, the map shows between a 10 to 20
percent reduction in runoff based on the 12-model mean.
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Approve Energy Policy Principles

Description
This letter requests approval of the Energy Policy Principles as provided in Attachment 1. The new principles
will provide guidance and direction for Metropolitan’s activities in the current energy market and in future
industry, regulatory and legislative initiatives.
At the July meeting of the Water Quality and Operations Committee, draft principles were introduced and
discussed. As requested, the principles have been finalized and are presented for board approval. Also discussed
at the July meeting was the goal to create a comprehensive plan dealing with Metropolitan’s response to the
challenges of green house gas emission management. Such a plan is scheduled for discussion this fall.
Metropolitan’s proposed energy policy is composed of 12 principles that are grouped into the following four
categories:
1.

Reliability – Principles that support or increase the reliability of Metropolitan’s sources of energy.

2.

Economics – Principles that protect Metropolitan’s economic interests related to energy costs and revenues
from system operations and operation of the State Water Project.

3.

Compliance/Regulatory – Principles that relate to the pursuit of effective, efficient, and reasonable regulations
while maintaining maximum board authority over Metropolitan’s energy activities.

4.

Stewardship – Principles that support prudent and sustainable utilization of the resources entrusted to and
managed by Metropolitan.

The proposed principles complement and augment the existing Energy Policy Principles (approved June 11,
1996), Policy Principle on Global Climate Change and Water Resources Planning (approved March 12, 2002),
and the Legislative Strategy for 2008 (approved January 8, 2008).
The existing Energy Policy Principles (Attachment 2) were developed over 12 years ago when the energy
industry was very different than it is today. At that time, the focus was on deregulation of the California electric
industry. Since that time, there has been unprecedented volatility in energy prices and supply, several energy
company bankruptcies, and a continuing series of increasingly burdensome and complex regulations and
compliance requirements.
As the energy industry evolves and adapts to issues like climate change and green house gas emission
management, these principles will continue to be reviewed and updated.

Policy
Metropolitan Water District Administrative Code Section 2481: Duties and Functions of Water Quality and
Operations Committee
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California Environmental Quality Act (CEQA)
CEQA determination for Options #1 and #2:
The proposed action is not defined as a project under CEQA because the proposed action involves continuing
administrative activities such as general policy and procedure making (Section 15378(b)(2) of the State CEQA
Guidelines). In addition, where it can be seen with certainty that there is no possibility that the proposed action in
question may have a significant effect on the environment, the proposed action is not subject to CEQA
(Section 15061(b)(3) of the State CEQA Guidelines).
The CEQA determination is: Determine that the proposed action is not subject to CEQA pursuant to
Sections 15378(b)(2) and 15061(b)(3) of the State CEQA Guidelines.

Board Options
Option #1
Adopt the CEQA determination and approve the attached Energy Policy Principles (Attachment 1).
Fiscal Impact: No specific fiscal impacts identified
Option #2
Adopt the CEQA determination and direct staff to modify the principles as specified.
Fiscal Impact: No specific fiscal impacts identified

Staff Recommendation
Option #1
7/31/2008
for

James F. Green
Eddie A. Rigdon
Manager, Water System Operations

Date

8/5/2008
Jeffrey Kightlinger
General Manager

Attachment 1 – Energy Policy Principles
Attachment 2 – Existing Energy Policy Principles approved June 11, 1996
BLA #6244

Date
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THE METROPOLITAN WATER DISTRICT OF SOUTHERN CALIFORNIA
ENERGY POLICY PRINCIPLES
The energy industry of today is a very complex and continuously changing environment. Metropolitan has
significant energy assets and requirements. The following Principles provide guidance and direction for
Metropolitan’s energy activities in this dynamic industry.
Reliability: Metropolitan has significant energy-related assets, including a 230kV transmission system and longterm federal hydro generation contracts to support the pumping requirements on the Colorado River Aqueduct
(CRA). These assets provide a reliable supply of power and energy to run the pumps and move water from the
Colorado River to Southern California. The following Principles are to preserve and protect these assets:
 Preserve Metropolitan’s existing contract rights.
 Protect Metropolitan’s ability to fully utilize the CRA transmission facilities and prevent adverse impact
from third party interconnections, transmission expansion and generation development.
Economics: Energy costs and revenues can have significant fiscal impact to Metropolitan. The impacts may be
direct, such as incentive payments to expand Metropolitan’s renewable generation capability, or indirect through
billings for water from the State Water Project. The following Principles support the concept of “beneficiary
pays” or cost causation as the basis for energy-related costs charged to Metropolitan, and protect Metropolitan’s
economic interests in energy efficiency and renewable generation projects:
 Ensure power costs are allocated on a “beneficiary pays” principle.
 Protect Metropolitan’s interests as the State Water Project develops new and renewable generation
resources.
 Pursue all available federal, state or local agency funding for Metropolitan’s renewable energy
development and implementation of energy efficiency projects.
Compliance/Regulatory: Regulations and compliance requirements relating to energy activities are becoming
increasingly complex and burdensome, affecting Metropolitan by making activities subject to additional
regulations or limiting available options for use of Metropolitan’s assets. The following Principles relate to the
pursuit of effective, efficient, and reasonable regulations while maintaining maximum board authority over
Metropolitan’s energy activities:
 Maintain board authority over Metropolitan’s energy activities.
 Protect and enhance Metropolitan’s ability to maximize revenue from its electric generation resources.
 Promote recognition of large hydro generation as a renewable energy resource for all purposes.
Stewardship: As a public agency, Metropolitan has the responsibility and obligation to manage the resources
entrusted to it in a prudent manner that provides for the public good. Metropolitan has historically been a good
steward of its water and energy resources through conservation efforts and the use and development of renewable
energy. The following Principles support the continued prudent and sustainable utilization of energy and
development of effective and equitable energy-related legislation and regulations:
 Protect Metropolitan’s investment in long-term renewable power resources such as the Hoover and Parker
Dams power plants.
 Develop economically responsible renewable energy projects.
 Promote energy conservation through water conservation.
 Promote effective and equitable legislation and regulations regarding energy-related climate change and
sustainability issues.
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Existing Energy Policy Principles

 Continue to take appropriate actions to protect Metropolitan's investment in long-term power resources
such as the Hoover power plant and the Parker power plant.
 Oppose provisions that would expand jurisdiction of the California Public Utilities Commission (CPUC)
or the Federal Energy Regulatory Commission over Metropolitan's activities.
 Continue to take appropriate actions to preserve Metropolitan's existing power contract rights and avoid
cost increases and shifting of stranded costs as the electric utility industry restructuring moves forward.
 Seek opportunities that may arise through deregulation to provide direct service at reduced cost to
Metropolitan's water supply loads that are serviced under tariff schedules.
M.I. 41941 - June 11, 1996
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Subject
Approve Strategic Power Plan Policy Goals

Description
This Board letter requests approval of Policy Goals for the Strategic Power Plan (SPP). The objective of the
Strategic Power Plan (SPP) is to assess options for energy management and carbon reduction in Metropolitan’s
distribution and Colorado River Aqueduct (CRA) systems. These options would allow Metropolitan to
implement the Board’s strategic priorities as outlined in the April 2007 Board Retreat, which called for a
reduction in Metropolitan’s carbon footprint and mitigation against risks associated with future carbon-related
fees and regulations. While the SPP effort only addresses Metropolitan-owned facilities and the State Water
Project (SWP) is not in its scope, Metropolitan is working with the California Department of Water Resources
(DWR) and the State Water Contractors (SWC) to develop energy and carbon management actions for the SWP
to meet the objectives of California’s energy policies and legislation.
Over the past year, a number of energy related briefings were given to your Board. The presentations provided
energy consumption and cost data for Metropolitan’s distribution system, the CRA, and the SWP; Metropolitan’s
activities related to the next Hoover power contract; and approval of updated Energy Policy Principles.
In September 2008, your Board received an oral report introducing the SPP effort. Background information was
provided on the California Global Warming Solutions Act of 2006 (AB 32) – and on other issues related to
climate change and the potential impact on Metropolitan and its operations. Regulations implementing AB 32
will be developed over the next two years pursuant to the California Air Resources Board’s – Climate Change
Scoping Plan. As these regulations are developed, staff will return to the Board to report on what, if any, specific
impacts there are to Metropolitan.
At the November 2008 meeting, your Board received an oral report updating the SPP effort, and a draft report was
submitted to your Board in January 2009. This update focused on four strategic options: 1) carbon reduction;
2) carbon neutrality; 3) energy independence and carbon neutrality; and 4) a No Action option. The four strategic
options were assessed on key energy issues identified during the April 2007 Board Retreat. These key energy
issues include: 1) price volatility; 2) system reliability; 3) environmental stewardship; 4) energy independence;
5) cost; and 6) implementation risk, including technical complexity and feasibility. In addition, the oral report
included proposals for a strategic approach to implement carbon reduction and proposed SPP policy goals. The
primary elements of Metropolitan’s proposed strategic approach for implementing the SPP entail Metropolitan’s
pursuit of: carbon neutrality, cost-effective energy projects, and implementation of these actions in a phased
manner. The oral report also recommended that Metropolitan forego purchasing carbon offsets at this time and
instead invest in cost-effective renewable energy projects at Metropolitan’s water treatment plants and other
facilities.
In December 2008, Chairman Timothy Brick established a Peer Review Committee to review the proposed
strategies and actions of the SPP. This Committee is led by Vice Chairperson Marcie Edwards. Reviewers on
this committee consist of Chairman Timothy Brick, Bill Carnahan (Executive Director of Southern California
Public Power Authority (SCPPA)), and Ronald Davis (General Manager of Burbank Water and Power). The Peer
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Review Committee met on February 5, 2009, to review the proposed SPP policy goals and evaluate the feasibility
of accelerating renewable energy project development under the SPP. As a result of the Board Peer Review
meeting, the following immediate actions and SPP policy goals are proposed for consideration.
Proposed SPP Policy Goals:
Immediate Actions (By FY 2010/11):
Expedite the implementation of renewable energy and carbon reduction at Metropolitan’s water treatment
plants, Union Station headquarters and along the Colorado River Aqueduct.
•

•

Expedite renewable energy at Water Treatment Plants
−

Negotiate agreements to achieve 100 percent renewable hydroelectric power use at the
Diemer plant.

−

Achieve 25 percent renewable power use to meet summer on-peak energy consumption at the
Skinner plant ($10 million – Board approved project).

−

Complete design for a 1 MW solar energy facility to meet on-peak energy use at the
Weymouth plant ($1 million – request Board approval September 2009).

−

Develop Request for Proposals (RFP)/Request for Bids (RFB) for additional 10 MW of solar
project development at the treatment plants and execute implementation contracts.

Expedite renewable energy and energy efficiency projects at Union Station Headquarters
−

•

Establish partnerships with MTA, AMTRAK, and LADWP to install solar energy facilities at
Metropolitan’s headquarters and near-by MTA and Union Station train sites.

Expedite renewable energy along the Colorado River Aqueduct
−

Establish partnerships for development of renewable energy projects located in the desert to
meet CRA supplemental power requirements.

Short-term goal (By 2014):
•

Implement renewable energy programs to achieve a 50 percent carbon reduction in Metropolitan’s
distribution system (retail energy facilities, including treatment plants, pumping facilities, and Union
Station Headquarters) via renewable energy projects including solar and small hydroelectric REC use.
Estimated cost of $12-$14 million/year based on annualizing total estimated costs over a twelve-year
planning period.

•

Establish partnership(s) with SCPPA and/or power developers to invest in renewable energy supplies
that will gain energy independence at Metropolitan’s CRA pumping plants in a phased and costeffective manner.

•

Evaluate the potential for partnerships and for developing large-scale renewable energy projects that
could meet a portion of the regional power needs, including that of Metropolitan’s, its member
agencies, and future desalination facilities. Determine what potential changes to Metropolitan’s Act,
if any, would be needed to implement this goal.

•

Work with the Department of Water Resources and State Water Contractors on State Water Project
energy and carbon management issues.

Intermediate goal (By 2020):
•

Achieve 100 percent carbon reduction at all of Metropolitan’s distribution facilities (retail energy
facilities, including treatment plants, pumping facilities, and Union Station Headquarters) and a
50 percent carbon reduction from non-hydroelectric energy use on the CRA (wholesale energy
facilities). Estimated cost of $14-$16 million/year for Metropolitan’s distribution facilities, based on
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annualizing total estimated costs over a twelve-year planning period, and an additional
$45-$55 million/year for CRA renewable energy use.
Long-term goal (By 2030):
•

Achieve 100 percent carbon reduction at all of Metropolitan’s distribution facilities (retail energy
facilities including treatment plants, pumping facilities, and Union Station Headquarters) and a
100 percent carbon reduction from non-hydroelectric energy use on the CRA (wholesale energy
facilities). Estimated cost of $14-$16 million/year for Metropolitan’s distribution facilities, based on
annualizing total estimated costs over a twelve-year planning period, and an additional
$90-$110 million/year for CRA renewable energy use.

Wholesale energy use relates to Metropolitan’s CRA operations, including the five pumping plants. Retail energy
use relates to Metropolitan’s Distribution System facilities and includes the water treatment plants, pump stations
(including OC-88 and Wadsworth Pumping Plant), Union Station Headquarters building, and all other local
facilities.
Metropolitan’s retail and wholesale energy use is the primary source of Metropolitan’s greenhouse gases, as
95 percent of its carbon footprint results from electrical energy consumption. Approximately 75-80 percent of
Metropolitan’s carbon footprint is attributed to the non-hydroelectric components of energy consumption on the
CRA system.
Summary:
The proposed objectives and policy goals are designed to provide maximum flexibility to address future potential
impacts to the SPP process including regulatory changes (both state and federal), contract issues (next Hoover
power contract and small hydroelectric contract renegotiation), pricing issues (future electrical rate escalation),
and other factors such as technology advancements that could reduce the cost of renewable energy project
development. The emphasis was to achieve carbon reduction through physical changes and minimize the use of
carbon offsets and credits. These objectives and policy goals will enable Metropolitan to assess options for
energy management, carbon reduction, and to reduce risks associated with future carbon-related fees and
regulations, in a cost-effective manner.
There are also a number of developing issues that could affect the timing of Metropolitan’s renewable energy
projects development. These include potential changes to federal incentive programs that may be available for
Metropolitan’s use, as well as utility access changes that may provide flexibility in meeting demand use at one
location, with generation from another. Staff will monitor these developments and will report back to the Board
should any significant change occur that could result in additional cost-effective development of renewable
energy projects.

Policy
Metropolitan Water District Administrative Code 2481: Duties and Functions of Water Quality and Operations
Committee.

California Environmental Quality Act (CEQA)
CEQA determination for Option #1:
The proposed action is not defined as a project under CEQA because the proposed action involves continuing
administrative activities such as general policy and procedure making (Section 15378(b)(2) of the State CEQA
Guidelines). In addition, where it can be seen with certainty that there is no possibility that the proposed action in
question may have a significant effect on the environment, the proposed action is not subject to CEQA
(Section 15061(b)(3) of the State CEQA Guidelines).
The CEQA determination is: Determine that the proposed action is not subject to the provisions of CEQA
pursuant to Sections 15378(b)(2) and 15061(b)(3) of the State CEQA Guidelines.
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CEQA determination for Option #2:
None required

Board Options
Option #1
Adopt the CEQA determination and approve the Strategic Power Planning Policy Goals
Fiscal Impact: Depending on projects implemented, expenditures could range between $12 million and $126
million per year.
Business Analysis: This option may allow Metropolitan to mitigate future impacts of carbon-related fees and
regulations, and hedge overall power costs.
Option #2
Provide staff with a new direction for policy development
Fiscal Impact: Unknown
Business Analysis: Without policies for carbon reduction, Metropolitan could be exposed to future carbonrelated fees and regulations.

Staff Recommendation
Option #1

BLA #6525

James F. Green
Manager, Water System Operations

Date

Jeffrey Kightlinger
General Manager

Date
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Subject
Appropriate $1.23 million and authorize: (1) final design of a solar generating facility at the Weymouth plant;
and (2) preparation of an Energy Management Plan (Approp. 15391)

Description
This action authorizes final design of a solar generating facility at the Weymouth plant. A 2-megawatt solar
installation could meet 25 percent of the plant’s expected power consumption following completion of ozonation
facilities. Staff also recommends development of an Energy Management Plan to identify future actions and to
serve as a master plan for achieving energy reliability and cost control.
Timing and Urgency
Moving forward with both projects at this time will enhance Metropolitan’s ability to provide long-term power
reliability, to protect against energy market price volatility, and to hedge against overall cost risks for operation of
Metropolitan’s distribution system and the Colorado River Aqueduct (CRA). Furthermore, these projects would
demonstrate consistency with the Global Warming Solutions Act of 2006, commonly referred to as AB 32.
AB 32 requires that the State's greenhouse gas emissions be reduced to 1990 levels, an approximate 25 percent
reduction under current conditions. An important factor for achieving these goals is to implement energy projects
and energy-management programs in a cost-effective manner.
In accordance with Metropolitan’s energy goals and objectives, staff recommends moving forward at this time
with final design of a solar generating facility at the Weymouth plant and with preparation of an Energy
Management Plan. These projects are consistent with the energy management initiatives brought previously to
the Board. Each has been evaluated with Metropolitan’s updated Capital Investment Plan (CIP) prioritization
criteria, and is categorized as a Cost Efficiency/Productivity project. Both are budgeted within Metropolitan’s
CIP for fiscal year 2009/10.
Weymouth Solar Power Plant - Final Design Phase ($850,000)
The Board authorized preliminary design of the Weymouth Solar Power Plant in May 2008. Since that time, staff
has completed preliminary design and has prepared a Mitigated Negative Declaration under provisions of the
California Environmental Quality Act. Staff now recommends moving forward with final design of a 2-megawatt
(MW) facility. The size of the proposed solar power plant is based on available open space at the Weymouth
plant, as well as the expected post-Oxidation Retrofit Program electrical demand. When completed, the 2-MW
facility will be capable of generating nearly 5 million kilowatt-hours of clean renewable energy, offsetting up to
25 percent of the expected power consumption following completion of ozone facilities at the Weymouth plant.
Primary elements of the Weymouth Solar Power Plant will include the photovoltaic panels and ancillary
equipment, civil site work, and interconnection with the Weymouth plant’s electrical system. The solar panels
would be ground-mounted and would include a single-axis tracking system to allow the panel arrays to track the
sun’s path from east to west on a daily basis. Approximately 15 acres of land space would be required for the
2-MW project. The recommended locations for solar facilities are within the Weymouth plant’s operational area,
at the former nursery sites located at the northeast and southwest corners of the plant.
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Planned final design activities will address the infrastructure improvements needed at the plant to accommodate a
solar facility. This work includes grading activities; electrical conduits needed to connect to the plant’s existing
unit power centers; installation of plant-specific switchgear and transformers (consistent with the plant’s electrical
power profile); and preparation of the site for the solar contractor. As this type of work is not typically
undertaken by a solar contractor, a separate bid package will be developed for the infrastructure improvements
required for the plant.
This action appropriates $850,000 and authorizes final design phase activities for the Weymouth Solar Power
Plant. Final design is recommended to be performed by MWH Americas, Inc., under an existing boardauthorized agreement. MWH will perform site plan and grading layout, electrical conduit design, and design of
plant-specific switchgear and transformers. MWH will also assist in preparation of appropriate solicitation
documents. Metropolitan staff will perform program management, apply for and manage incentives and federal
and state grants; update the plant master site plan, which includes planning review by the city of La Verne;
identify architectural elements (e.g., landscaping and perimeter wall) in consultation with the city of La Verne;
and coordinate with other activities underway at the plant. Environmental permitting support is recommended to
be performed by Jones & Stokes, Inc., as discussed below. Metropolitan staff will provide primary coordination
with regulatory agencies and will prepare permit applications.
Final design activities will also include preparation of appropriate solicitation documents, which will be flexible
to obtain proposals for either competitive bids (for potential capital financing by Metropolitan) or for Power
Purchase Agreement (PPA) rates.
Business Case – Financial Analysis & Delivery Methods
As part of preliminary design, staff estimated the return on investment (ROI) for both capital-financed projects
and PPAs. The ROI for a 1-MW capital-financed solar facility at Weymouth is approximately 6 to 8 years, which
is comparable to the expected payback for the recently completed Skinner solar project. The ROI for a 2-MW
capital-financed solar facility increases to 12 to 14 years, largely dependent on rebates being capped for 1-MW
installations. The ROI for a capital-financed facility is based on an installed system price (including
infrastructure) of $8 per watt; grid electricity escalation of 5 percent; $4 million in rebates expected under the
California Solar Initiative; and the estimated avoided cost of electricity.
PPAs are an alternative mechanism for financing and owning a generation system, which are widely used within
the solar power industry. PPAs would provide an opportunity to install solar power facilities with limited capital
investment by Metropolitan, as the solar power provider would be responsible for a majority of up-front capital
funding, and would develop, own, operate, and maintain the facility. Under a PPA, it is possible to lock in longterm power purchase rates, thereby reducing exposure to the price volatility of electrical rates. Metropolitan’s
capital investment under a PPA would be approximately $1 million, directly tied to the capital cost required for
the plant infrastructure required to support the solar installation.
Staff has analyzed PPA rates and contract provisions that currently exist within the industry. Financial factors
considered for a PPA typically include the PPA firm’s initial capital cost, the amount of available
incentives/rebates, projected long-term increases in SCE’s retail electrical rates, any escalation factor included
within the PPA contract, the term of the contract, and costs for termination. Typical PPA rates range from $0.10$0.15/kWh, dependent on the escalation factor negotiated within the contract. For example, a lower rate of
$0.10/kWh might have an escalator of 3 percent or more annually, while a rate of $0.15/kWh might have a very
low or flat escalator. In addition, the negotiated rate usually includes a premium for retention of the renewable
energy certificate (REC), typically charged at an additional $0.01/kWh.
Metropolitan’s current bundled rate for retail electricity is approximately $0.13/kWh at Weymouth, under a
service contract with Southern California Edison (SCE). As mentioned above, under a PPA Metropolitan would
still be required to invest approximately $1 million to install the infrastructure required to support installation of a
solar facility. However, the PPA firm would bear the initial capital cost of furnishing and installing the solar
panels, as well as all maintenance costs. If Metropolitan were successful in negotiating a PPA rate, significant
annual savings could be realized as shown below in Table 1.
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Table 1
Approximate 10-Year Avoided Electricity Cost Savings
Annual Retail (SCE)
Market Rate Increase

10-Year PPA Electricity Cost Savings
(Flat PPA escalator)

10-Year PPA Electricity Cost Savings
(5% Annual PPA escalator)

5%

$1,000,000

$700,000

7.5%

$1,500,000

$1,200,000

10%

$2,000,000

$1,800,000

Market prices for solar panels are the largest cost contributor when estimating the ROI, and many industry experts
suggest that a significant decline in panel prices is imminent. As part of the final design effort, staff will assess
and monitor market conditions to determine the most cost-effective approach to Metropolitan between a PPA and
a traditional capital-financed project. A recommendation to move forward with a PPA or a capital-financed
project will be brought to the Board for approval.
Energy Management Plan ($380,000)
Staff recommends moving forward at this time with an Energy Management Plan to identify future actions and to
serve as a master plan for achieving energy reliability and cost control. The plan will address actions and specific
components to be undertaken in the immediate near-term, and over the long-term (up to 20 years). The plan
scope includes:








Develop a comprehensive analysis of Metropolitan’s power consumption and production profile.
Identify cost risks associated with projected power industry rate increases.
Identify regulatory and cost risks associated with AB 32.
Identify and evaluate potential power and transmission projects and partnerships.
Develop relationships between Metropolitan and potential developers and partners, as Metropolitan
presses forward with comprehensive energy management initiatives.
Identify specific programs and projects to help meet the goals of reliability and cost containment.
Produce a comprehensive energy management master plan to serve as Metropolitan’s blueprint to
demonstrate industry leadership in achieving energy reliability and cost control.

Assistance with preparation of the Energy Management Plan is recommended to be performed by MWH
Americas, Inc., as discussed below. Metropolitan staff will provide technical assistance, coordination regarding
potential renewable energy incentives and federal and state grant opportunities, and project management. As part
of the project scope, a preliminary cost estimate will be developed, as well as a proposed implementation schedule
and estimated level-of-effort required for meeting the goals of Metropolitan’s energy management program.
This action appropriates $380,000 and authorizes preparation of the Energy Management Plan. MWH will
prepare the study with guidance from Metropolitan staff. MWH’s scope includes preparing a comprehensive
analysis of Metropolitan’s power consumption and production profile; performing benefit-cost analyses for
various energy management initiatives; energy market forecasting; analysis of laws and regulations; and report
preparation. The estimated cost for MWH’s work is $240,000. Metropolitan staff will perform project
management and will provide guidance related to project financing, energy-related legal issues, and technical
feasibility. Staff will return to the Board at a later date to report on the recommendations of the Energy
Management Plan.
Professional Services (No Action Required)
Final design of the Weymouth Solar Power Plant, as well as assistance with preparation of the Energy
Management Plan, is recommended to be performed by MWH Americas, Inc. under an existing board-authorized
agreement. MWH was selected through a competitive process via Request for Qualifications No. 575. For this
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agreement, Metropolitan has established a Small Business Enterprise (SBE) participation level of 20 percent. No
amendment to the existing agreement is required for this work.
Environmental permitting support for the Weymouth Solar Power Plant is recommended to be performed by
Jones & Stokes, Inc. Jones & Stokes was selected through a competitive process via Request for Proposals
No. 763 to provide on-call environmental planning and permitting support. Due to the specialized nature of the
work, Metropolitan did not establish an SBE participation level for this agreement. No amendment to the existing
Jones & Stokes agreement is required for this work.
Summary
This action appropriates $1.23 million for final design of the Weymouth Solar Power Plant and preparation of an
Energy Management Plan. See Attachment 1 for the Financial Statement and Attachment 2 for the Location
Map.
These projects are consistent with Metropolitan’s goals for sustainability by providing an alternative source of
renewable energy, enhancing the plant reliability, and reducing overall carbon emissions.
Project Milestones
December 2009 – Complete Energy Management Plan
April 2010 – Completion of final design

Policy
Metropolitan Water District Administrative Code Section 5108: Appropriations

California Environmental Quality Act (CEQA)
CEQA determination for Options #1 and #2:
The proposed action involves funding, studying, and carrying out design activities and preparing and processing
environmental documentation. These activities consist of basic data collection and resource evaluation as part of
planning and feasibility studies for the design of facilities with no possibility of significantly impacting the
physical environment or resulting in a serious or major disturbance to an environmental resource. As such, the
proposed action is not subject to CEQA because it involves only feasibility or planning studies for possible future
actions which the Board has not approved, adopted or funded (Section 15262 of the State CEQA Guidelines). In
addition, where it can be seen with certainty that there is no possibility that the proposed action in question may
have a significant effect on the environment, the proposed action is not subject to CEQA (Section 15061(b)(3) of
the State CEQA Guidelines). The proposed action is also categorically exempt under the provisions of CEQA
and the State CEQA Guidelines because the proposed action involves basic data collection and research activities
which do not result in a serious or major disturbance to an environmental resource. This may be strictly for
information gathering purposes, or as part of a study leading to an action which a public agency has not yet
approved, adopted, or funded (Section 15306 of the State CEQA Guidelines). Accordingly, the proposed action is
not subject to CEQA pursuant to Sections 15262 and 15061(b)(3) of the State CEQA Guidelines and is
categorically exempt pursuant to Section 15306 of the State CEQA Guidelines.
The CEQA determination is: Determine that the proposed action is not subject to the provisions of CEQA
pursuant to Sections 15262 and 15061(b)(3) of the State CEQA Guidelines, and qualifies under a categorical
exemption (Class 6, Section 15306 of the State CEQA Guidelines).
CEQA determination for Option #3:
None required
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Board Options
Option #1
Adopt the CEQA determination and
a. Appropriate $1.23 million;
b. Authorize final design of the Weymouth Solar Power Plant; and
c. Authorize preparation of an Energy Management Plan.
Fiscal Impact: $1.23 million in budgeted funds (Approp. 15391)
Business Analysis: This option will support Metropolitan’s goals to provide long-term power reliability,
help protect against energy market price volatility, and hedge against overall cost risks for operation of
Metropolitan’s distribution system and CRA.
Option #2
Adopt the CEQA determination and
a. Appropriate $850,000;
b. Authorize final design of the Weymouth Solar Power Plant; and
c. Do not authorize preparation of an Energy Management Plan.
Fiscal Impact: $850,000 in budgeted funds (Approp. 15391)
Business Analysis: This option will support Metropolitan’s goals to provide long-term power reliability,
help protect against energy market price volatility, and hedge against overall cost risks for operation of
Metropolitan’s distribution system. However, deferral of the master planning effort could lead to significant
increases in Metropolitan’s annual operational costs associated with electricity market volatility, and fees
from federal and state greenhouse gas regulations.
Option #3
a. Do not authorize final design of the Weymouth Solar Power Plant; and
b. Do not authorize preparation of an Energy Management Plan.
Fiscal Impact: This option may result in potentially significant near-term operational costs associated with
increases in retail electricity and regulatory obligations under AB 32.
Business Analysis: This option would not support the Metropolitan’s goals to provide long-term power
reliability, protect against energy market price volatility, and hedge against overall cost risks for operation of
Metropolitan’s distribution system and CRA. Deferral of the master planning effort could lead to significant
increases in Metropolitan’s annual operational costs associated with electricity market volatility, and fees
from federal and state greenhouse gas regulations.

Staff Recommendation
Option #1
9/9/2009
Roy L. Wolfe
Manager, Corporate Resources

Date

9/9/2009
Jeffrey Kightlinger
General Manager

Attachment 1 – Financial Statement
Attachment 2 – Location Map
BLA #6820
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Financial Statement for Power Reliability and Energy Conservation Program
A breakdown of Board Action No. 8 for Appropriation No. 15391 is as follows:

Previous Total
Appropriated
Amount
(July 2008)
Labor
Studies and Investigations
Final Design
Owner Costs (Project mgmt, permitting,
rebate coordination)
Submittal Review & As-Builts
Control Systems Integration
Construction Inspection & Support
Metropolitan Force Construction
Value Engineering
Materials and Supplies
Incidental Expenses
Professional Services
MWH Americas - Final Design
MWH Americas - Energy Management Plan
Jones & Stokes
Equipment Use
Contracts
Remaining Budget
Total

$

$

510,000
585,000
1,030,700 *
481,500
156,500
2,372,250
391,000
60,000
1,020,000
130,105 *
2,315,000
22,447,000 *
1,067,945 *
32,567,000

Current Board
Action No. 8
(Sep. 2009)
$

$

150,000
100,000
10,000
450,000
240,000
95,000
185,000
1,230,000

New Total
Appropriated
Amount
$
$

510,000
735,000
1,130,700

$

481,500
156,500
2,372,250
391,000
60,000
1,020,000
140,105
2,315,000
450,000
240,000
95,000
22,447,000
1,252,945
33,797,000

* Includes previous reallocation of $165,000 from Remaining Budget to Owner Costs, Incidentals, and Contracts for the LaVerne
Facility Heating and Air Conditioning Control System Project and the Weymouth Solar Power Generation facility Project.

Funding Request
Program Name:

Power Reliability and Energy Conservation Program

Source of Funds:

Revenue Bonds, Replacement and Refurbishment or General Funds

Appropriation No.:

15391

Requested Amount:

$

1,230,000

Total Appropriated Amount:

$

Total Program Estimate:

$

Board Action No.:

8

Capital Program No.:

15391-E

33,797,000

Capital Program Page No.:

238

50,000,000*

Program Goal:

E- Cost Efficiency /
Productivity

* Increase in Total Program Estimate reflects addition of solar power generation facilities at the Weymouth, Skinners, Mills, and
Jensen treatment plants.
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Appendix D

Discussion
of Climate
Change
A. Changing Climate

CRA system economics rely on low-cost Colorado River hydropower; any event(s)
that could reduce the availability of water to fuel River hydropower resources or
otherwise alter historical (long-term) natural patterns or behavior along the River,
and thus impede the ability to manage River resources for the betterment of all
stakeholders, could disrupt Metropolitan’s management of future CRA system
power needs and costs. Power output at Hoover Dam has fallen by more than 10%
over the past decade due to low reservoir levels at Lake Mead (Figure D-1). A
number of causal factors, both natural (e.g., reduced snowfall) and human-induced
(e.g., population growth throughout Basin States), have been suggested, but any
possible role climate change plays remains opaque. Historical and paleoclimate
data allow that current dry conditions in the Colorado River Basin are within the
natural climatic variability of the region. However, in addition to predicted dryness
based only on historical data, the Intergovernmental Panel on Climate Change
(IPCC) recently projected that Earth can expect to warm approximately 0.2 ˚C per
decade for the next two decades and a temperature increase of 1.8 ˚C to 6.4 ˚C
over the next century (IPCC, 2007a). Downscaled climate modeling of the already
naturally arid Basin yields mid-century temperature results consistent with the
lower range of IPCC values. Studies further hypothesize that precipitation patterns
and evapotranspiration rates will subtly change through the 21st century in ways
that result in reduced flow (i.e., reservoir storage) along the Colorado River. On
this basis, climate change and its hypothesized impacts on the Colorado River and
Basin may pose a risk to Metropolitan’s CRA operations.

Map of the Colorado River Basin
Figure D-1 Map showing the
location of the Colorado River
Basin states, CRA, and other
prominent physiographic
features. Heavy dashed line
outlines both the Basin
extent and area drained by
the Colorado River. Dotted
line dividing the Upper and
Lower Basins passes through
Lees Ferry , AZ (denoted as
Compact Point). Lake Mead
is the reservoir formed by
Hoover Dam; Lake Havasu
lies behind Parker Dam and is
located along the CA-AZ
border at the easternmost
extent of the CRA. Figure
from Dettinger (1997).
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1. Introduction
The IPCC defines long-term changes to climate, or climate change, as statistically
measureable change “…attributed directly or indirectly to human activity that alters
the composition of the global atmosphere and which is in addition to natural
climate variability observed over comparable time periods.” (IPCC, 1995). Climate
is defined “as the average weather, or more rigorously, as the statistical description
in terms of the mean and variability of relevant quantities over a period of time
ranging from months to thousands or millions of years. The classical period for
averaging these variables is 30 years, as defined by the World Meteorological
Organization. The relevant quantities are most often surface variables such as
temperature, precipitation and wind. Climate in a wider sense is the state, including
a statistical description, of the climate system.” (IPCC, 2007a). Weather is the state
of the atmosphere at a given place and time, and includes commonly measured
factors such as temperature, precipitation, and the like.
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Hypothesized long-term changes to climate patterns that could in effect decrease
the year-on-year volume of Colorado River inflows or reservoir storage, or increase
evaporation rates, can reduce the availability and/or output levels of low-cost
hydroelectric power produced at dams along the Colorado River and alter CRA
operating costs. If future economic growth outstrips efficiency gains, overall water
demand within the States served by the Colorado River may increase along historic
trends (Figure D-2). As Southern California continues to grow, the need to develop
cost-effective power resources will likely grow proportionally. CRA conveyance
capacity is currently limited to 1.3 maf of water per year. Therefore, energy
demand associated with CRA pumping is capped at approximately 300 MW with
existing equipment. Based on current water contracts and supply programs, it is
expected that 1.0-1.1 maf of water from the CRA will be delivered in a normal year.
Historical energy use associated with this level of deliveries ranges from 2.1-2.2
million MWh (Figure 4-7). CRA operations are clearly electricity-intensive and rely
heavily on the availability of sub-wholesale−priced power from dams fueled by
Colorado River waters. Water from the Colorado River is thus simultaneously the
product Metropolitan delivers to its customers, and the fuel used to produce the
low-cost hydropower that keeps CRA water delivery economical.
This link between water, and the energy required to convey, treat, and deliver it, is
referred to as the water-energy nexus. In a sense, the nexus terms speak to a
balancing act between two resources – water and power. Historically, water
managers have had little reason to focus on the energy side of the nexus –
electricity was both plentiful and cheap. However, in a future where electricity is
still largely derived from carbon fuels, and electricity prices vary directly with GHG’s
emissions and fuel costs, water purveyors will find it increasingly difficult to ignore
the energy (specifically electricity) side of the nexus. Of the factors that could alter
the balance between water and power considerations, climate change stands to
negatively impact both nexus components. For Metropolitan, the potential risk
posed by climate change is compounded because any decrease in the availability of
water to fuel hydropower stations raises power costs significantly.
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Figure D-2 Historical
demand and supply curves
for the Colorado River.
Supply (solid) reflects
natural flow (NF) at Lees
Ferry; demand (dashed)
reflects the 9-year moving
average of total
consumptive use in the
Lower and Upper Basins,
does not include
evaporative losses from
Flaming Gorge, Blue Mesa,
Morrow Point, Lake
Powell, Lake Mead, Lake
Mohave, and Lake Havasu.
Demand curve assumes
Mexico use of 1.5 maf for
all years. Figure after
Rajagopalan and others
(2008).
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2. Climate change in the Colorado River Basin
a) Hydrological operations along the Colorado River
The Colorado River is a major source of water and low-cost (i.e., wholesale to subwholesale) hydroelectric power for at least seven western states and Metropolitan
(Figure D-1), but lies in a region that receives comparatively little annual
precipitation – especially at lower elevations and throughout the Lower Basin
region. Water in the River is derived primarily (about 91% of average annual River
flow) from Upper Basin precipitation runoff – either rainfall or melted snow – that
typically accumulates at elevations greater than 9000 ft above mean sea level
(amsl) (Figure D-3). Areas greater than 9000 ft amsl comprise only 13% of the total
area of the Upper Basin. A majority of the runoff within the Upper Basin (84%) is
derived from a very small areal percentage (13%) of the total Upper Basin
watershed.
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Map of Elevations and Precipitation in the Upper Colorado River Basin
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Figure D-3 Triptych showing the elevation (right) and annual precipitation (center) values superimposed
on the outlined Upper Colorado River Basin area (cf. Figure D-1). Left panel shows the high degree of
correlation between areas greater than 9000 ft amsl, and areas receiving more than 25 inches of
precipitation. Figures from Nowak (2009) and Hoerling and Eischeid (2008).
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A stream gauging site in continuous operation since 1895 along the Colorado River
at Lees Ferry, Arizona denotes the man-made dividing line separating the Upper
and Lower Colorado River Basins (Figure D-1). Lower Basin States include Arizona,
Nevada, and California. The U.S. Bureau of Reclamation (USBR) operates a series of
hydropower stations (dams and reservoirs) along the Colorado River. Two of these
dams – Parker and Hoover – are the primary sources of low-cost hydroelectric
power for Metropolitan’s CRA pumping operations. Lake Havasu, along the
California-Arizona border, is both the fuel source for Parker Dam hydropower and
CRA headwater point (Figure D-1). Lake Mead, along the Arizona-Nevada border, is
the fuel source for Hoover Dam hydropower (Figure D-1). The Lake Mead
maximum pool elevation is 1,229 ft amsl, and minimum elevation for efficient
power generation is 1,050 ft amsl. Reservoir elevations that allow water to be fed
into the penstocks are at 1,045 and 895 ft amsl. According to the Bureau of
Reclamation, the elevation of Lake Mead elevation as of November 1, 2009 is
1093.29 ft amsl. Maintaining the availability and reliability of low-cost
hydroelectric-generated power from River facilities are key to the long-term cost
and operational viability of the CRA system. Changes in the long-term climate of
the Colorado Basin region is a relatively new concept, but one that could disrupt
CRA operational paradigms.
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Historical Colorado River flow conditions: the Lees Ferry record

Since 1895, total Colorado River flow has been gauged at Lees Ferry, Arizona, mean
annual naturalized flow of the River has been calculated continuously since 1906,
and yearly flow volumes calculated from 1906 to 1921 provided the basis for the
1922 Colorado River Compact agreement among River resource users. The Lees
Ferry record is commonly referred to as the “instrumented”, “historical”, or
“modern” record. The 100-year naturalized (i.e., “normal”) flow calculated from
Lees Ferry measurements is 15.1 maf. As discussed above, runoff from the Upper
Basin area constitutes about 91% of the total inflows that comprise average yearly
Colorado River flux. In the Lower Basin, the average annual natural inflow flux is
approximately 1.4 maf/yr and derived almost entirely from the Little Colorado
River, Virgin River, and Bill Williams River (USBR, 2007). Until 2007, the historic
record was assumed to reflect the full range of long-term flow conditions, and thus
used to negotiate water delivery allotments, plan reservoir operations and
electricity generation schedules, and determine how the water demand associated
with future population and economic growth would be met (USBR, 2007). The
historical flow and Basin-wide precipitation records have both been thoroughly
analyzed for patterns and trends. Over the entire span of modern flow record
there are no significant trends in streamflow volumes (USBR, 2007, and references
therein). Similarly, no statistically recognizable trend is apparent within total
annual precipitation record (USBR, 2007, and references therein).
Although the Lees Ferry record indicates a 100-year naturalized flow (i.e., “normal”)
of 15.1 maf, actual flux from year to year (or brief sequence of years) has varied
greatly and may be being influenced by the effects of climate change. Notably, the
period that includes the 1906-1921 flow measurements used to develop the 1922
Compact is now recognized as representing the wettest extended high-flow period
ever recorded along the Colorado River. Similarly, during five drought periods that
occurred between 1930 and 2005, each lasting six years or less, the calculated
average flow during these multi-year periods was between 9.9 maf and 11.4 maf.
More specifically, if “normal” is defined as the mean annual flow for 1906-2004, the
lowest 25-year mean of flows (1953-1977) was 87% of normal. Complicating
matters, some researchers believe that recent historical precipitation, temperature,
and flow data already capture and reflect the cumulative effects of early-onset
climate change. For example, Barnett and Pierce (2009) argue that many records
(e.g., temperature, precipitation) begin to deviate from historic “norms” as early as
1985. If accurate, then average yearly River flow from 1906 to 1984 becomes 15.3
maf per year. As discussed above, and more fully in the next section, there is
clearly room to debate the exact value that best characterizes long-term annualized
flow along the Colorado River. On this basis, the general consensus since 2007 is
that Colorado River total flow measurements collected and calculated over the past
one-hundred years potentially overestimate long-term Colorado River flow
conditions, and as discussed below do not reflect the cumulative effects of
additional high temperature/evaporation and low hydrologic conditions typically
predicted by climate change models. As noted above, this assumes that climate
change has not affected runoff to date.
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c) Paleoclimate conditions: tree-ring data
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A growing archive of tree-ring dendroclimatological data provides past (paleo)
climate reconstructions spanning 1,244 years (e.g., Meko et al., 2007, and
references therein), and suggests a high degree of hydrological variability over and
above that reflected in the modern instrumented record (1906 to present). The
wood of both dead and slow-growing live trees can be dated to determine
individual ages of trees and their growth rings. Additionally, the width of individual
rings is purported to be directly proportional to the ambient growth conditions
during ring formation, and thus a function of water availability (i.e., precipitation),
temperature, and other climate-related factors. On this basis, tree-ring data are
put forth as a proxy for paleoclimate conditions, and can be calibrated against
actual historical measurements (i.e., temperature, tree-ring-growth, precipitation,
and River flow). More than ten tree-ring–based paleoclimate records are now
published (e.g., Meko et al., 2007, Cook et al., 2009; and references therein) and
purport to reconstruct conditions across a broad area stretching from the Lower
Colorado Basin into the northern Sierra Nevada Mountains. With respect to the
Colorado River and Basin, these paleoclimate data postulate that the last century
(i.e., the Lees Ferry record) was generally wetter than any time since A.D. 762,
contained the wettest years within the longer period, reveal a past replete with
extended dry periods, and suggest a large degree of interdecadal and interannual
variability in climate that, while not necessarily reflected in the Lees Ferry record,
may dominate the climate experienced in a basin in the short term (USBR, 2007;
Figure D-4).

Colorado River Tree Ring Data with Lee Ferry Observed Data Superimposed
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Figure D-4 Time series plot of 25-year running mean of reconstructed flows from the upper Colorado
River Basin (thin black line). Heavy black line shows the actual flow calculated from historical Lees Ferry
records. Reconstructions to A.D. 762 based on tree-ring measurements. Flows are plotted as percentage
of the 1906–2004 mean of water year natural flows (18.53 billion cubic meters, or 15.03 maf).
Confidence interval (gray cloud) derived from 0.10 and 0.90 probability points of ensemble of 1000 noiseadded reconstructions. Horizontal dashed line is lowest 25-year running mean of natural flows (1953–
1977). Figure taken from Ray and others (2008) after Meko et al. (2007).
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As discussed in Tarboton (1994), tree ring reconstructions of streamflow are not
without problems. Specifically, …“tree ring widths are related to moisture
availability at the site in which the tree is growing and are not spatially integrated
measures of conditions over a whole river basin. Tree ring widths are more
sensitive to lack of precipitation, which limits growth, than they are to abundant
precipitation during which time factors other than water may limit growth. This
may impose a bias toward sensitivity to dry conditions in tree ring data.
Precipitation that does not impact tree growth, for whatever reason, will not be
reflected in the tree ring record. This may include precipitation not on sampled
forest areas, or that does not infiltrate, or that occurs outside the growing season.”
(Tarboton, 1994).
Nonetheless, while tree-ring analysis may have limitations and not provide the level
of definitiveness desired by some, the records produced to date are the most
robust available to independently calibrate and explore paleoclimate variations
within the Colorado River Basin. The results presented for the Upper Colorado
River Basin (e.g., Figure D-4) rely on a relatively sparse network of tree-ring
chronologies, and assessments of magnitude of flow anomalies will likely change as
future remnant-wood collections yield better spatial coverage and sample depth in
the Medieval Climate Anomaly (Meko, et al., 2007). In the earliest centuries, the
tree-ring reconstruction relies on three chronologies. Three more sites were
available by A.D. 1182, and three more by A.D. 1365. More than ten paleoclimate
records reconstruct conditions across a broad swath of the Southwestern U.S., and
specifically address climate patterns across an area stretching from the Lower
Colorado Basin up into the Sierra Nevada (Meko, et al., 2007; Cook, et al., 2009, and
references therein).
Tree-ring−derived paleoclimate data from the Colorado River Basin extrapolate the
modern instrumental record (i.e., post-1906) back an additional ~1,200 years
(Figure D-4), suggest that consecutive dry year periods along the River typically last
more than six years, and also record several periods of multidecadal drought
conditions that would completely disrupt Lower Colorado River hydropower
operations should these conditions occur today. As discussed in the preceding
section the single longest stretch of consecutive dry years recorded in the Lees
Ferry instrumented record is just six years, and periods of multi-year drought
separated by high to normal flow years along the Colorado River are well known. In
contrast, within the reconstructed paleoclimate record the longest stretch of
consecutive years of below normal Colorado River flow is 13 years (which only
occurred once). Throughout the remainder of the reconstruction, consecutive low
flow conditions never extended more than 10 years. While reviewing stretches of
consecutive dry years is informative and pertinent to River power and water
operations, of greater importance is the temporal patterns and spacing between
periods of consecutive dry year conditions. For example, proper management of
power and water resources during ten years of abnormally high flow followed by
five consecutive dry years could effectively result in no negative impacts on
resource allotments. Alternatively, the impacts on power generation and water
availability would be quite different if the seven-year low-flow period was followed
by a single normal year and then an additional five years of drought. It is illustrative
to note that within the paleoclimate reconstruction one extraordinary period of
persistent dry conditions has occurred over the Upper Basin and is reflected
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throughout the Southwestern U.S. Specifically, the mid-1100s is characterized by a
series of multi-year low-flow conditions imbedded in a generally dry 62-year period
(Figure D-4; Meko, et al., 2007). The factor(s) that precipitated this event remains
to be fully explained, but effects were long-lasting and, as discussed below,
widespread.
Paleoclimate data covering the broader U.S. Southwest indicate the occurrence of
two exceptionally long (>150-year) megadroughts that seemed to have strongly
impacted California and Nevada, but had substantially less effect within the
Colorado River Basin. The presence of persistent drought conditions are well
reflected in the paleoclimate reconstruction (Meko, et al., 2007; Cook, et al., 2009,
and references therein). While the record of low to high Colorado River flow
conditions are well documented, and as of 2007 incorporated into the management
of the Colorado River resources (i.e., USBR, 2007), potentially persistent long-tem
drought conditions are not recognized within the 1,250-year record (Meko, et al.,
2007; USBR, 2007). Tree-ring records from the Sierra Nevada Mountains and areas
stretching eastward into Nevada show two extraordinarily long periods of drought.
These megadroughts occurred over a 243-year and 178-year period beginning at
approximately 832 A.D. and 1122 A.D., respectively (Cook, et al., 2009). While the
latter overlaps with the timing of the longest drought period reconstructed in the
Upper Colorado River Basin (see above), the former seems to have only affected
areas west of central Nevada. Although there appears to be a general correlation
between dry periods and sea surface temperatures in the Eastern Pacific Ocean
(i.e., La Nina; Cook, et al., 2009), persistent La Nina conditions do not seem to
correlate with the occurrences of these very long droughts. Furthermore, these
data are mentioned here not because they are expected to recur between now and
2040, but illustrate both the complex nature of anticipating long-term Colorado
River flow conditions and possible vulnerability to hydroelectric power generation
schedules if the face to changing climate conditions.
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d) Hypothesized 21st century climate conditions in the Colorado River Basin
Figure D-5 Schematic
normal temperature
distribution diagram
depicting extreme
temperature effects
when mean temperature
increases as
hypothesized for the
Colorado River Basin.
Figure from the IPCC
(2007c).

Introduction

Downscaled climate modeling studies have been conducted to investigate the
results of warming in the southwestern U.S. and while results almost uniformly
suggest that warming could ultimately reduce 21st century hydropower generation
capabilities along the Colorado River, effects vary by region and models are very
sensitive to input parameters such as topography (e.g., Nowak, 2009; Udall, 2009).
Studies usually utilize General Circulation Models used in the 4th IPPC Assessment
Report (IPCC, 2007b; e.g., Milly, et al., 2005; Seager, et al.,2007), but can include
various other hydrology models such as: the Variable Infiltration Capacity
macroscale hydrology model (e.g., Christensen and Lettenmaier, 2007); the various
Water Supply Operations models (e.g., McCabe and
Wolock, 2007; USBR, 2007; Barnett and Pierce, 2009;
Rajagopalan, et al., 2009). In the downscaled
modeling, high resolution historical climate data
specific to the Colorado Basin (e.g., Lee Ferry, treering reconstruction, etc.) are sometimes used. These
and other studies almost universally suggest that:
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Average aridity (temperature and/or evaporation) will rise (e.g.,
Christensen and Lettenmaier, 2007) (Figure D-5)
Water resources in the already arid southwestern region of the United
States is particularly vulnerable to drier conditions (e.g., Nash and
Gleick, 1991; Nash and Gleick, 1993; Seager, et al.,2007; Meko, et al.,
2007; Cook, et al., 2009)
First post-dry season precipitation will shift toward winter (e.g.,
Christensen and Lettenmaier, 2007) (Figure D-5)
The snow water equivalent on April 1st declines (e.g., Christensen and
Lettenmaier, 2007)
When the 20th century temperature record is uniformly increased by
0.86 ˚C, the mean water year Lower Colorado River flow estimated by
a water balance model is reduced by 8% (McCabe and Wolock, 2007)

Temperature predictions

Ground temperatures measured in the Colorado River basin appear to have
increased at least 1.0 °C over the past century, and climate model results project
additional increases of 1-4 °C over this century. While annual mean ground
temperatures in the Upper and Lower Colorado River Basins show significant
variability over the past 100 years, long-term trends fairly conclusively demonstrate
that measured temperatures have increased 0.8-1.5 °C since 1900 (Figure D-6).
Anthropogenic CO2 represents carbon added to the atmospheric carbon cycle by
human activities such as the excavation and combustion of fossil fuels. Rapid
increases in atmospheric concentrations of CO2 and other GHG’s are thought to be
the cause of average global temperature and changes to climate. In general,
models predict that anthropogenic CO2 acts with natural climate forcings to
produce an average temperature increase of 1-2 °C by 2050 and a poleward shift in
the subtropical air mass (Hadley cell) over the Colorado Basin (Christensen and
Lettenmaier, 2007; Seager et al., 2007). Global climate models released in 2007
(IPCC, 2007b; IPCC, 2007c) have been downscaled to probe the effects of natural
and anthropogenically-induced climate change (e.g., Hoerling and Eischeid, 2007;
Christensen and Lettenmaier, 2007; McCabe and Wolock, 2007; Seager et al., 2007;
Cook et al., 2009). Model results typically span more than 50 years to probe well
st
into the 21 century. Model results for the region can be compared to and
calibrated against more than ten published Basin paleoclimate reconstructions
obtained from tree-ring analysis (see discussion above; Meko et al., 2007, and
references therein). Among the published studies that use global climate (general
circulation) models downscaled for the Colorado River Basin, one particularly
robust study that generates estimates runoff and hydropower changes from the
temperature and precipitation forecasts predicts sustained average temperature
increases of 0.5-1.2 °C over the 2010-2040 period for the B1 and A2 scenarios
(respectively), projects shifts in duration, volume, and timing of monthly inflows,
and forecasts reductions in overall runoff and hydropower generation before midcentury (Christensen and Lettenmaier, 2007; see also summary in Table D-1).

1/12/2010 Board Meeting
D-10 Page

9-2
Energy Management and Reliability Study

Attachment 2, Page 240 of 288
December 2009
Metropolitan Water District
of Southern California

Observed Mean Annual Ground-Level Temperatures in the
Upper and Lower Colorado River Basins
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Figure D-6 Record of
measured annual mean
ground-level temperatures
(blue) and running mean
averages (gold) for the
Upper and Lower Colorado
River Basin. Since 1906
mean temperatures have
increased approximately
1.4 °C in the Upper Basin
and 1.56 °C in the Lower
Basin. Figure from the CA
DWR (2008).
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Table D-1 Summary of Colorado River Basin Model Projection Results
Source

Temperature

Runoff %

Precipitation %

Year

Christensen et al.,
2004

+3.1 °F

−18

−6

2040-69

—

−10-20

—

2041-60

—

−15-20

—

2050

Christensen and
Lattenmaier, 2007

+2.1-2.6 °C

−6-7

−1-2

2040-69

Christensen and
Lattenmaier, 2007

+1.2-1.3 °C

−1 to 0

−1-+1

2010-39

Hoerling &
Eischeid, 2007

+5 °F

−45

~0

2035-60

McCabe &
Wolock, 2007

+0.86 and +2 °C
(assumed)

−8-17

0

—

Barnett & Pierce,
2008

—

−10-30
(assumed)

—

2008-57

Barnett & Pierce,
2009

—

−10-20
(assumed)

—

2008-57

Barsugli et al.,
2009

—

−10-20
(assumed)

—

2008-57

Rajagopalan et al.,
2009

—

−10-20
(assumed)

—

2008-57

Milly et al., 2005
Seager et al., 2007

Precipitation, evaporation, and runoff predictions

Although exact results vary and downscaled modeling is not easily applied to
topographically complex areas such as the Colorado River Basin, climate change
studies since 2004 uniformly suggest that a combination of factors act to increase
the aridity of the Colorado Basin and surrounding region by as early as 2040. As
discussed in the preceding section, mean average temperatures within the
Colorado River Basin have risen by about 1.0 °C since 1900 (Figure D-6) and, if
climate change models are correct, are predicted to increase an additional 1-2 °C by
mid-century (Table D-1). Most significantly, the poleward shift in the subtropical
air mass (Hadley cell) over the Colorado Basin (Figure D-7; Seager et al., 2007) and
accompanying temperature changes are likely to result in overall warming of
average temperatures, more days at higher temperatures, and fewer days at cooler
temperatures (Figure D-5). As a result, average yearly rainfall is predicted to
slightly increase or remain constant in the near term (Table D-1). On the other
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hand, the number of snowfall days will decrease, snow will accumulate later in the
year and only at higher elevations than today (lower volume; Figure D-3), and
snowpack will melt progressively earlier. More critically, higher average ground
temperatures will increase already high evaporation rates, especially in the Lower
Basin.
Figure D-7 Diagram
showing global,
longitudinally-averaged,
model precipitation
changes. Solid vertical
black line depicts the
approximate latitude of
Los Angeles, CA and
dashed vertical black line
depicts the approximate
latitude of Lees Ferry, AZ –
both of which lie in a
region predicted to
undergo increased drying
during the 21st century.
Figure from CA DWR
(2008).

Longitudinally-Averaged 21st Century Precipitation Change
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Averaged over all the global climate models used, the B1 and A2 scenario
projections suggest that yearly precipitation increases an average 1% or falls by 1%
(respectively) within the 2010-2039 period, with summer precipitation lower and
winter precipitation higher than normal (Christensen and Lettenmaier, 2007).
Although the trend is for very slight decreases in mean precipitation in the
downscaled climate scenarios, hence runoff decreases are driven primarily by
increased evapotranspiration, there are downscaled climate scenarios where
increased precipitation offsets increased evaporative losses resulting in increased
runoff. The number of downscaled climate scenarios with this character in general
decreases with time (Christensen and Lettenmaier, 2007). Results also indicate that
rainfall, snowfall, and snowmelt patterns (i.e., extent, timing, volume, and elevation
levels) are expected to change in a way that negatively impacts long-term runoff
patterns, and thus potentially impact long-term availability and constancy of
hydropower production along the Colorado River.
Numerous investigations conducted since 2004 predict mid-century runoff (inflow)
reductions along the Lower Colorado River (Table D-1) that, coupled with projected
population-driven demand growth (Figure D-2), suggest that hydropower fuel
levels could at times recede to the point where hydropower production falls below
current levels. In 2007 the USBR published a final Environmental Impact Statement
(EIS) for Colorado River Interim Guidelines for Lower Basin shortages and
coordinated operations for Lakes Powell and Mead (USBR, 2007). Based on the
inability to precisely project future impacts of climate change to runoff throughout
the Colorado River Basin at the spatial scale needed for simulation of operation of
the Colorado River reservoir system, the USBR based its hydrologic analysis
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primarily on the resampled historical record. The USBR report describes the
proposed Federal action, the alternatives considered, the analysis of potential
effects of the alternatives on Colorado River operations and associated resources,
and environmental commitments associated with the alternatives.
Model-dependent results consistently show increased evapotranspiration rates
that result in total yearly runoff reductions on the order of 6-7% in mid-century
after staying essentially unchanged in the 2010-2039 period (Christensen and
Lettenmaier, 2007). Note that in the analysis herein, a runoff reduction of 6% is
used. The magnitude of reduction is uncertain given the complexity of physical
processes and terrain effects that determine Colorado River flow and given the
range of climate model projections of temperature and precipitation (Rajagopalan
et al, 2009). A majority of results derived from the recent Coupled Model
Intercomparison Project (CMIP3) multimodel database of climate change
simulations indicate a reduction of average annual streamflow within a range of 6
to 20% by midcentury (Ray et al., 2008) As improved projections of climate change
impacts on Colorado River flow emerge, a sharper view of the Basin’s risk profile
will be warranted that would include meaningful probabilistic assessments of
outcomes based on more precise knowledge of the uncertainty in climate change
(Rajagopalan, 2009).
e) Possible futures of hydropower fuel along the Colorado River
A water budget model projection that includes probable climate change effects,
and assumes no increase in Upper Basin demand accounts for regional population
growth, and assumes that the Lees Ferry record predicts future River flows, and
indicates that water deliveries to some contractors would fall short in 31 or 35% of
the years in the 2040-2069 period for the elimination of global emissions increases
by 2100 and relatively unconstrained growth in emissions scenarios, respectively
(Christensen and Lettenmaier, 2007). A recent 100-year (1985-2085) Colorado
River Basin water budget model projection (Barnett and Pierce, 2009):
1.
2.

3.
4.
5.
6.
7.

Uses projected USBR water delivery schedules that account for increased
withdrawals by the Upper Colorado River Basin states
Constrains itself by keeping Lake Mead above 1,000 ft msl (currently, the
lower Southern Nevada water intake elevation) at the expense of Lake
Powell
Does not include operation of Colorado River system reservoirs other than
a combined Lakes Powell and Mead (introducing an error in the results)
Considers the Lees Ferry record as a predictor of future flows and
considers gains and losses between Hoover and Imperial dams
Assumes that climate change effects were not significant prior to ~1985
Does not consider legal rights that determine how shortages will be
allocated
Includes decreased precipitation, higher average temperatures (e.g., 1-2
°C), and increased precipitation after or instead of snowfall as probable
long-term climate change effects
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Model results predict changes in River flow. When compared with scheduled
deliveries provided by the USBR (2007), the results of 10,000 independent
realizations of Colorado River flow indicate that Colorado River delivery shortfalls
would occur approximately 40% of the time by 2050, but that the magnitudes of
these shortfalls would be modest (Barnett and Pierce, 2009). If a 10% reduction in
runoff were to occur, model results indicate that by 2040 full deliveries occur
<100% of the time (Barnett and Pierce, 2009). If runoff is reduced an additional
10%, delivery shortfalls exceeding 0.81 maf/yr are by 2043 more frequent than full
delivery years (Barnett and Pierce, 2009). Results demonstrate that system storage
(e.g., for hydropower) is highly sensitive to both variations in mean system inflows
(i.e., precipitation, snowmelt runoff) and the exact pattern/sequencing of dry and
wet years (Christensen et al., 2004; USBR, 2007). All of these results assume that
flow patterns follow the Lees Ferry-modeled average.
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In summary, the specific amount of water capable of being delivered sustainably by
a climate-changed Colorado River is not known, but initial modeling suggests that a
20% reduction in runoff will cause requested deliveries to exceed sustainable
deliveries by 2025 and by 2040 at a 10% reduction (Barnett and Pierce, 2009).
Certain authors conclude that given rising population in the arid southwestern U.S.,
it is unlikely that increasing reservoir capacity or altering River operating policies
will substantially negate the stresses that climate change is likely to place on
Colorado River water and power supplies (e.g., Christensen and Lettenmaier, 2007;
McCabe and Wolock, 2007). Other authors (e.g., Rajagopalan et al., 2009) found
that risks in 2026 are relatively low and concluded that flexibility within the existing
framework of agreements exists to mitigate a significant fraction of the long-term
risk. Table D-2 summarizes the authors’ findings (Metropolitan August 28, 2009
Board Report; Appendix C). However, the relatively small risk of reservoir storage
depletion in the next two decades should not lull policy makers into inaction
because if by 2026, the detection of climate change confirms a 20 percent
reduction in average annual flow over a 50-year period, the policy options available
may be limited in their ability to mitigate the large risk in the long term.
Rajagopalan and others (2009) state that their simple assessment is not meant to
guide policy nor to invoke specific stakeholder action, but to inform the discussion
of risks and the development of more detailed modeling. There is sufficient
realism, however, that the results should warrant ongoing discussion on the need
to reduce uncertainties in climate change projections and the need to explore
increased flexibility in water resource management by decision makers (see also
Appendix C).
Wide variations in analytical methodologies used by the authors of the climate
change studies resulted in a wide range of conclusions regarding the impact of
climate change in the Colorado River Basin. An assessment is currently under way
among a group of scientists from the Federal Government and universities to
narrow the range of predictions of climate change induced streamflow reductions
(e.g., Table D-1). While in the near term Metropolitan is ensured water, and
remains in a very strong legal position, drops in reservoir water levels (specifically
at Lake Mead) could impact the timely availability of Hoover power and the prices
of electricity.
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Table D-2 Risk of Depleting Reservoir Storage
Year 2057 (% risk)
Climate ChangeInduced Flow
Reduction
Assumption

None
10% reduction over
a 50-year period
20% reduction over
a 50-year period
Reducing initial
demand by 0.8 maf
to reflect use in 2006

USBR EIS Interim
Guidelines Period
Year 2026 (% risk)

With Existing Forecast
of Upper Basin
Demand Growth and
Continuation of Interim
Guidelines

With Reduced Rate of
Upper Basin Demand
Growth and Increasing
Shortages Imposed to
between 5 and 8%

Less than 4%

7.5%

1.5%

Less than 7%

26%

11%

Less than 9%

51%

33%

Less than 3%

34%

—

Source: August 28, 2009 Metropolitan Water District Board Report (see Appendix C)

f)

Possible futures of hydropower production along the Colorado River

Decreases in Colorado River flow and storage volume translate to loss of low-cost
power from the Hoover and Parker power plants. Groups using distinct approaches
and models have investigated how potential climate-change induced changes in
reservoir levels might affect overall power generation capabilities along the
Colorado River. One group uses the Colorado River Simulation System (CRSS)
model developed for the USBR EIS Interim Guidelines report (USBR, 2007); the
second group employs a simple water budget model (Colorado River Budget Model
or CRBM; e.g., Barnett and Pierce, 2008; Barsugli et al., 2009).
To better understand risks that climate change could pose to low-cost hydropower
supplies from the Colorado River, Metropolitan staff used the CRSS model to
investigate how power generation between 2010 and 2060 could be affected if one
assumes cases where: 1) climate change does not reduce River runoff over current
trends; 2) climate change linearly reduces runoff by 10% between 2010 and 2060;
and 3) climate change linearly reduces runoff by 20% between 2010 and 2060
(Figure D-8). The discussion herein focuses on the end-member cases – zero
percent and 20% runoff reduction. The 20% reduction case is derived by applying
an assumed 6.8% reduction in the historic 1906-2005 Colorado River natural flow in
2010, with an additional 0.26% reduction in each successive year. This results in a
cumulative 14.7% reduction in 2040 and a cumulative 20% runoff at the end of the
modeling period (i.e., 2060). Model results indicate that in the no-change case the
risk of further diminishing Hoover power output in a given year remains less than
three percent through 2040 (Figure D-8). However, if climate change is acting to
reduce flow by 20% in 2060, and compared to a baseline assuming no reduction in
the historic natural flow, average energy generation is reduced beginning in 2010.
Based on the assumed reduction in natural flow, in 2040 there is a 55% likelihood
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of a possible interruption of Hoover power plant energy generation, increasing
from a 3% likelihood in 2015 (Figure D-8). If the same criteria are applied to
examine the annual average energy generation at the Hoover power plant, one
sees that a 20% runoff reduction results in power output declines on the order of
10% one decade from now. In 2040, power output declines by two-thirds (Figure
D-9).
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Figure D-8 Probability plot
showing the possible risk
of further reducing the
availability of low-cost
Hoover hydroelectric
power. Model assumes
cases wherein climate
change linearly reduces
Colorado River flow by
zero (no symbol), 10%
(cross), and 20% (triangle)
relative to the current
baseline year. Figure
based on internal
modeling by Metropolitan
using the CRSS model
(USBR, 2007).
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Figure D-9 Plot showing
the model-derived average
annual output of Hoover
hydroelectric power.
Model assumes cases
wherein climate change
linearly reduces Colorado
River flow by zero (no
symbol), 10% (cross), and
20% (triangle) relative to
the current baseline year.
Figure based on internal
modeling by Metropolitan
using the CRSS model
(USBR, 2007).
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Using a different model (i.e., CRBM) and approach, Barsugli and others (2009)
argue that there exists a greater than 50% chance that power pool levels fall below
the critical level at least one year after 2025 if present day consumptive use is
assumed to be 13.5 maf and a 20% linear reduction in flow occurs over a 50-year
period. The likelihood of this occurring in 2040 is about 83%. The odds of being
below power pool in each hydrologic year modeled reaches 50% in 2035, and about
61% in 2040 (Figure D-10; Barsugli, et al., 2009). These results are largely consistent
with Metropolitan’s own model results (Figures D-8 and D-9), even though model
approaches and assumptions differ in detail.

Probability of Dropping Below Minimum Power Pool in Each Year Modeled
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Figure D-10 Left axis shows the modeled probability (triangles) of Lake Mead dropping
below minimum power pool level. Model assumes a climate change-induced 20%
linear reduction in Colorado River flow in 2060 as a result of predicted mid-century
temperature increases of 1-2 °C. Expectation of Hoover power based on recent
delivery levels. Value drops in 2017 due to renegotiation of contract with WAPA.
Data from Barsugli et al., 2009.

Under the compounding model conditions indicating reduced runoff and reservoir
levels, average annual hydroelectric energy generation decreases by 10 or 11% in
the 2040-2069 period compared to the 1950-1999 hydrologic period for the
elimination of global emissions increases by 2100 and relatively unconstrained
growth in emissions scenarios, respectively (Christensen and Lettenmaier, 2007).
Projecting a possible 10 or 11% decrease in Colorado River reservoir system
hydropower production due to climate change effects appears both reasonable and
conservative. Assuming no reduction in runoff due to climate change, average
Hoover hydropower production would remain near the 2010 average through
2033. Full power deliveries should be available from Parker facilities as long as Lake
Mead remains above dead pool elevation (USBR, 2007). While it is likely that good
river management will result in normal hydropower availability for Metropolitan, it
is possible that flow reductions could cause the USBR to reduce (or in extreme
events cease) hydropower production. It is possible that energy reductions on the
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order of 10 or 11% in the 2040-2069 period represent conservative estimates and
that the budget for power may have to be adjusted upward should Metropolitan
need to purchase grid power to make up for any hydropower production shortfalls
that could occur as a result of low reservoir levels. As illustrated in the preceding
figures and discussion, researchers are divided as to exact outcomes or actions that
might be taken to avoid or reduce the impact of model outcomes. Some scientists
believe it unlikely that increasing reservoir capacity or altering River operating
policies will substantially negate the stresses that climate change is likely to place
on Colorado River water and power supplies (e.g., Christensen and Lettenmaier,
2007; McCabe and Wolock, 2007). Others conclude that flexibility in current
management practices could minimize some (but by no means all) of the increased
risk due to climate change-induced reductions in flows (e.g., Barsugli et al., 2009;
Rajagopalan and others, 2009). Possible direct effects to Metropolitan vary over
the next 30 years and are difficult to predict with any certainty.
On the basis of the preceding discussion, three scenarios are presented in Section 7
in which impacts to Hoover power availability due to climate change are minimal –
on the order of a 2.2% linear decline between 2010 and 2040. In the fourth
scenario, we assume that climate change effects are obvious and aggressively
impact Colorado River hydropower.

Appendix A
Historic and Future
Energy Pricing and
Drivers Analysis
Appendix B
Discussion of
Regulations
Appendix C
Board Letters
Appendix D
Discussion of Climate
Change
Appendix E
Power Generation
Technologies
Appendix F
Power and Water
Nexus
Appendix G
Assumptions

Metropolitan currently receives 28.5% of Hoover power production. As discussed in
Section 6 of this study, Metropolitan expects to see Hoover power allotment
reduced by 5% in 2017. Assuming that Hoover and Parker hydropower production
begins to fall with falling reservoir levels that result from any climate change,
Metropolitan will, on an average basis, be exposed to reductions in the amount of
power available from Hoover Dam (USBR, 2007). However, full power deliveries
should be available from Parker facilities so long as Lake Mead remains above dead
pool elevation (USBR, 2007). While it is likely that in the face of naturally falling
water levels (i.e., no climate change effects) good river management will result in
minimal disruptions in hydropower availability for Metropolitan, additional
reductions due to climate change will cause the USBR to reduce (or in extreme
events cease) hydropower availability. Energy reductions on the order of 10 or 11%
in the 2040-2069 period represent conservative estimates and that the price of
power may have to be adjusted upward should Metropolitan need to purchase grid
power to make up for any hydropower production shortfalls that could occur as a
result of low reservoir levels (see Section 7).
Possible impacts of natural paleoclimate variability and/or anthropogenic climate
change on the Colorado River Basin and River system could place the future of
continued cheap, reliable hydropower production from Colorado River dams at risk.
The record historically used to determine water delivery schedules and maintain
power generating capabilities along the Colorado River (i.e., Lees Ferry) probably
overestimates what was believed to be long-term, sustainable flow conditions
along the river. Paleoclimate records based on tree-ring studies by multiple
authors (e.g., Meko, et al., 2007; references therein) indicate that millennial climate
conditions within the basin are usually drier than that measured over the past 100
years (Figure D-2). If Basin climate conditions revert to the millennial average flow
conditions, water deliveries may be satisfied at their current rate, but scheduled
future deliveries to a growing population cannot. However, if modeled
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anthropogenic climate effects occur and act to reduce flow along the Colorado
River by as little as 10%, current and future water deliveries will go unmet as early
as the next decade. Possible multi-decade direct effects to Metropolitan vary and
are difficult to state with any certainty.

3. Climate change effects in California
While a full discussion of climate impacts on the SWP are beyond the scope of this
investigation, we note that climate change is projected to impact the power costs
and water availability on this system too, and thus further impact Metropolitan’s
overall operations and total budget. As discussed in Section 7, climate change is
projected to alter a range of factors that directly and indirectly affect the
hydropower production capacity in CA. As projected for the Colorado Basin,
California average yearly temperatures through the first half of the 21st century are
projected to steadily rise 0.5-2.3 °C by 2040 (Cayan et al., 2007). Models indicate
that near-term statewide precipitation levels may undergo only modest shifts (up
or down), but the timing of rain and snow events shifts in ways that result in
decreased snowpack and earlier melting (Cayan et al., 2007; and references
therein). These factors will impact river flow volumes, increase evapotranspiration
rates, and otherwise impact the timing and quantitiy of hydropower (USBR, 2008;
Schoups et al., 2009; Chung et al.,2009).More important to Metropolitan are model
results suggesting that by 2050:
1.

Reservoir carryover storage (which impacts long-term hydropower) could
fall 15-19%

2.

SWP hydropower generation may be lowered 5-12%

3.

SWP power use could decrease 5-10%

4.

The SWP power generation system could be vulnerable to interruption 1 in
6 to 1 in 8 years

5.

An additional 575-750 taf of water would be needed in certain years to
meet regulations and maintain reservoir operations above dead pool
elevations (Chung et al., 2009)

Note also that while these factors are operating statewide, population is projected
to continue increasing, and with it follows increased degree cooling days and
increased pressures on the State’s electricity and water systems. While this paper
is focused on the CRA system energy use under pressure of climate change moving
forward to mid-century, the preceding discussion illustrates that the pressures on
Metropolitan’s ability to manage its energy budget and continue to successfully
deliver water to Southern California will come on many fronts – not just from the
Colorado River system.
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4. Concluding summary
Historical climate-related data and downscaled global model projections point to
increased mid-century warming (1-2 °C) and altered precipitation patterns in the
southwest U.S. that can negatively impact Colorado River water and electricity
supplies by 2040. Long-term climate warming and significant shifts toward dryer
short-term weather patterns over the Colorado River Basin could result in reduced
Colorado River water deliveries to some contractors and power availability to all,
increasing electricity costs, and probably encouraging aggressive technological and
regulatory moves geared towards addressing and adjusting to the new climate
paradigm. Climate change and associated impacts on the Colorado River and
Southern California will likely foster regulatory and technological reactions over and
above current (2009) efforts. While it will take years to decades to know with
certainty that the climate moving forward is significantly different than that typical
of the past, the climate variability and any associated decrease in Colorado River
flow will be evident and presumably entice the rapid advancement of technology
and regulations geared toward adapting to the new climate conditions. Further
population growth would also stress the River system if additional water supplies
are not developed or if reductions in demand do not occur.
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Under its existing rights Metropolitan would not see climate-related reductions in
water deliveries until shortages in deliveries from Lake Mead exceeded 1.7 maf in
any year, but it is likely that current scheduled Colorado River water deliveries for
some river stakeholders are not sustainable and will increasingly go unmet by 2040.
On the other hand, continued, cheap, reliable hydropower production is at risk for
all River hydropower users. Metropolitan should plan for possible climate changeinduced reductions (or intermittent interruptions) of Hoover Dam power and
probable increase in grid electricity costs that would accompany any loss of
hydropower. If shortfalls persist, it may becomes reasonable to assume that legal
pressures will grow to reduce undue hardships on meeting the power demands of
other inland regions. This factor will be important for Metropolitan to remain
aware of. Early preparation towards developing alternative arrangements now
with its partners and other stakeholders will be good for Metropolitan and the
broader Southwest region of the United States.
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Appendix E

To protect against market fluctuations of electricity prices, Metropolitan can
Power
potentially engage in self-generation. There are several different technologies that
Generation
can be utilized for self-generation: combined cycle (coal or natural gas), solar,
geothermal, hydro, biomass, and nuclear. California currently relies on all of
Technologies wind,
these technologies for electricity generation with 64% supplied by combined cycle,
A. Energy Production

14% by nuclear, 11% by hydro, and 11% by renewables (Byron and Boyd, 2009). Of
renewable generation, 42% is supplied by geothermal, 20% by biomass, 14% by
small hydro, 22% by wind and 2% by solar (Byron and Boyd, 2009). Combined cycle
and nuclear plants can be built in most locations. Solar, wind, geothermal are
dependent on location attributes to be successful, however Metropolitan’s land
holdings include areas that could be utilized for all generation types (Figure E-1, E2, and E-4). To determine which, if any, technology is appropriate for
Metropolitan, the advantages, disadvantages and costs of each technology should
be analyzed in addition to the carbon intensity because regulations such as AB-32
and potential federal regulations could change historical costs.

1. Combined cycle

There are two main types of combined cycle gas turbine generation facilities:
conventional and duct-fired (advanced). Conventional combined cycle generation
facilities employs more than one thermodynamic cycle which improves overall
efficiency in comparison to generation facilities which utilize a single
thermodynamic cycle. Advanced combined cycle facilities utilize waste heat to a
greater extent to achieve even higher efficiencies. Both conventional and ductfired combined cycle generation facilities can be configured to burn either natural
gas or coal.
Combined cycle facilities can be constructed in most locations and, if Metropolitan
utilized their land holdings, could be utilized to meet the entire CRA load. However,
California is implementing a cap-and-trade program for CO2e to meet the goals of
AB-32. Since combined cycle plants result in significant CO2e, whether burning coal
or natural gas (Table E-1), costs for these facilities are expected to increase in the
future.

2. Solar
There are two main solar technologies: PV and solar thermal technologies. PV
technologies convert solar energy directly to electricity and are based in cells that
are essentially energy producing semi-conductors. PV technologies are commonly
used to power everything from small hand-held devices (calculators, watches) to
satellites and home appliances. Solar thermal technologies indirectly turn solar
energy into electricity by first turning solar energy into thermal energy which is
then turned into electricity.
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There are two main types of PV technologies: PV cells and concentrating PVs
(CPVs). PV cells are the single units which are combined to form PV panels. PV
panels can then be mounted in large scale systems. Mounting structures can either
be at a fixed angle or can include single or dual axis tracking to increase efficiency.
When the term “solar energy” is used, most often it is this technology that is
brought to mind. CPVs also employ sunlight on a PV surface, however these
systems utilize lenses or mirrors to concentrate light onto the panel, which
increases efficiency.
The primary cost drivers for cells/panels are (Byron and Boyd, 2009):
1.
2.
3.
4.
5.
6.
7.

Appendix A
Historic and Future
Energy Pricing and
Drivers Analysis
Appendix B
Discussion of
Regulations
Appendix C
Board Letters
Appendix D
Discussion of Climate
Change
Appendix E
Power Generation
Technologies

Cost of silicon, wafers and solar cells
Inverters
Installation
Steel Price
Balance of systems
Marketing sales taxes
Gross margin

The primary solar thermal power generation methodology for energy production is
the use of mirrors to concentrate sunlight on a heat exchange fluid or Sterling
engine. One example of this is a parabolic trough. A parabolic trough consists of a
parabolic mirror which focuses the captured sunlight on a tube which runs along
the length of the focal point of the mirror. The tube is called a Dewar tube. The
Dewar tube holds a fluid, usually oil, and the heated fluid is used to generate steam
in a turbine generator.
The primary cost drivers for parabolic trough systems are (Byron and Boyd, 2009):
1.
2.
3.
4.
5.
6.
7.
8.

Site work infrastructure
Mirrors and solar receivers
Steel price
Heat transfer fluid system
Thermal energy storage
Power lock
Balance of systems
Contingency
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There is enormous potential for constructing any type of solar power facility on
Metropolitan’s land holdings within the Mojave Desert, a region that receives on
average twice the amount of sunlight received in San Francisco (Figure E-1). Solar
power could be used to subsidize power requirements at existing pumping
facilities, or could be tied into Metropolitan’s existing power grid system used to
transfer electricity from the Hoover and Parker Dams.
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Direct Normal Solar Radiation Within the U.S.
Figure E-1 Direct normal
solar radiation within the
western half of the U.S.
(NREL, 2004). The Mojave
desert receives up to 8.5
kWh/m2/day of solar
radiation while areas along
the coast receive roughly half
that amount. On this basis,
solar generation within
Metropolitan’s land holdings
in the desert could produce
more energy than solar
generation in other
locations.

3. Wind
Wind can be converted into electricity through the use of wind turbines. The main
components of a wind turbine are: blades, a drive train, gearbox, generator, tower,
and related electronic equipment (Byron and Boyd, 2009). These turbines are
modular, thus wind systems are easily scaled up or down as needed. In the U.S. full
scale wind turbine installations have only been utilized on-shore, however in
Europe, wind turbines have been installed both on-shore and off-shore.
For these turbines to be economical, they need to be installed in locations with high
speed and relatively constant winds. Wind quality is function of speed and wind
power density and is characterized on a scale of one to seven with one being very
poor and seven being superb. While typically more economical than solar, the area
in which wind power can be effectively generated is significantly smaller. Despite
reduced area for optimal wind generation, there is considerable unharnessed wind
power potential within California in the southern deserts and offshore (Figure E-2
and Figure 6-1).
Other factors that affect the economic viability of wind power include (Byron and
Boyd, 2009):
1. Turbine costs
2. Reliability
3. Permitting and site selection
4. Land acquisition
5. Transmission costs
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On-Land and Offshore Wind Resource Potential at 50 Meters Elevation
Figure E-2 Land and offshore
wind resource potential at 50
meters elevation for the
western U.S. (Thresher and
Robinson, 2008). Maps
indicate that wind of
sufficient quality and
quantity exists within
Metropolitan land holdings.
See also Figure 6-1.
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Prior to adoption of wind technology, pilot testing is essential to the specific
characterization of wind resources and the optimal placement of wind turbines.
The ultimate utilization of wind technology is dependent on the results of pilot
testing.
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Wind maps (Figure E-2 and Figure 6-1) indicate that wind of sufficient quality and
quantity exists within Metropolitan land holdings. Therefore it is likely that
Metropolitan could effectively employ wind power on their existing land holdings,
where smaller, on-site wind generation could be used to power CRA pumping
stations. Larger “wind farms” could also be constructed in the Mojave Desert and
tied into the Metropolitan-owned power grid transfer and augment electricity from
the Hoover and Parker Dams.
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4. Geothermal
Geothermal energy is harnessed by drilling deep into the ground (typically several
thousand feet) to gain access to heat stored within the Earth. Geothermal energy is
extracted by pumping hot water or steam from the ground to drive conventional
steam turbines for power. Alternatively cold water can be injected onto dry rock,
then the supercritical fluid or steam is extracted. Almost all geothermal-toelectricity facilities operating today are located in areas where abnormally high
heat flows from shallow depths (less than 3 kilometers). Such areas are quite rare.
Conversely, if one were to drill almost any area to depths greater than
approximately 6 kilometers, temperature conditions are favorable for geothermal
(Figure E-3). This method, where water is injected into hot dry rock at great depth,
is called enhanced geothermal systems. Such systems will greatly increase the
range of viable locations where geothermal systems are available (Petty & Porro,
2007).

Enhanced Geothermal Schematic Cutaway Diagram
Figure E-3 Cutaway diagram
showing all critical
components required for an
enhanced geothermal
system. Two wells are drilled
into hydraulically-fractured,
high ambient temperature
(e.g., >120 °C) rock. Cold
water injected down one
hole is ideally flash-heated to
steam, returned to the
surface where heat is
extracted in an exchange
with a working fluid that is
then used to drive a
conventional steam power
turbine. (Figure from DOE,
2009a)

Geothermal applications are generally limited by drilling cost, since geothermally
active areas can be thousands of feet below the earth’s surface and drilling cost
increases with depth, and temperature conditions, since temperatures must be
above the 100˚C to be sufficient for electricity production (Figure E-4). Geothermal
systems also require additional energy input to supply pumping capacity, which can
be provided by the power grid or by on-site renewable sources such as wind or
solar.
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Geothermal Conditions Within the U.S.
Figure E-4 Geothermal
conditions within the
western U.S. at a depth
of 6.5 km (MIT, 2006).
Metropolitan’s land
holdings in the Mojave
desert (e.g., Figure 6-1)
include regions with
geothermal conditions
above 200˚C which make
the land appropriate for
enhanced geothermal
applications.
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Factors that affect the economic viability of geothermal power include (Byron and
Boyd, 2009):
1.
2.
3.
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4.

Exploration
Confirmation
Site development
a. Drilling
b. Project leasing and permitting
c. Piping network
d. Power plant design and construction
e. Transmission
Operations and maintenance costs
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Geothermal power plants could subsidize Metropolitan’s electricity needs best if
constructed adjacent to existing pumping stations for CRA water, or adjacent to the
existing Metropolitan-owned power structure in Southern California (Figure 3-2).

5. Hydro
Hydropower is generated by capturing the kinetic energy in moving water through
the use of a turbine. Historically hydropower was harnessed by building dams to
create a higher potential energy differential. However, dams carry several negative
side-effects: environmental impacts, high construction cost, displacement of
people to create artificial lakes, and catastrophic results if the dam fails (VOA News,
2006). Based on the cost, environmental and social impacts, and negative
perception associated with constructing new dams, future hydropower projects will
likely have to rely on alternative systems such as “damless hydropower” systems.
The primary cost drivers for hydropower are (Byron and Boyd, 2009):
1.
2.
3.

Licensing
Construction
Mitigation
a. Environmental
b. Fish and wildlife
c. Recreation
d. Historical and archeological

Dams for electricity generation increased substantially within the U.S. during the
20th Century and uses of micro-hydropower could increase the quantities of
electricity produced from flowing water. Hydropower currently provides
approximately 6% of electrical power generated in the country and 12% of power in
California (EIA, 2009b; EIA 2009h). In 2000, the DOE initiated planning for low-head
(less than 30 feet of standing water), low-power (less than 1 MW) “microhydropower” systems in 2000 (DOE, 2004). To continue investigations and
develoment of microhydropower, the DOE has earmarked $30 million in FY 2010
(DOE, 2009b).
Though a considerable amount of unharnessed hydropower potential exists within
the U.S., there is considerable resistance against the creation of new large
hydropower facilities. Micro-hydropower facilities could provide an alternative.
Based on a study initiated by the DOE, California could generate approximately
8,000 MW of electricity in new microhydropower projects, which are most
commonly sized to generate 100 kW of electricity (DOE, 2004).
As stated above, Metropolitan already has considerable hydropower
investments, generating approximately 300 GWh of electricity and $20 million
dollars in revenue annually with hydropower since 1996 (Figure 4-11). However,
there is a potential to use submerged river turbines within the SWP and CRA
conveyance systems to supplement Metropolitan’s power requirements.

1/12/2010 Board Meeting
E-8 Page

9-2
Energy Management and Reliability Study

Attachment 2, Page 258 of 288
December 2009
Metropolitan Water District
of Southern California

6. Biomass
Biomass can be used to create electricity or biofuels, hydrocarbon-based fuels
created from plant or animal matter. Though chemically similar to fossil fuels,
biofuels are typically carbon-neutral or carbon-negative since they are formed from
carbon-sequestering organisms, such as corn, soy, or algae, and do not contribute
additional CO2 to the environment. Common biofuels include biodiesel and biogas.
Biogas is formed from the anaerobic decomposition of organic matter by
microorganisms, commonly in anaerobic digesters or landfills, which contain a
significant amount of methane (DOE, 2009c). The DOE is investing approximately
$235 million in FY 2010 to facilitate the continued development of sustainable
resources into clean, renewable biofuels (DOE, 2009b).
Primary cost drivers for biomass facilities include (Byron and Boyd, 2009):
1.
2.
3.
4.
5.
Appendix A
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Though Metropolitan does not have direct access to biomass under their current
operations, they could gain access to biomass through partnership with other
Southern California utilities, such as the Los Angeles County Sanitation District, Los
Angeles Department of Public Works, or any utility that collects trash or sanitary
sewage. For example:
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Supply curve for biomass fuel, fuel transport, and handling costs
Long-term fuel supply contract availability
Capital Costs
Operations and maintenance costs

Partnership with Landfill: LACSD is in the process of constructing the
Mesquite Landfill in Imperial County, which will provide 100 years of
disposal storage for Los Angeles County. Under the Federal Clean Air Act,
gas emissions from landfills must be captured since they contain the GHGs
methane and CO2. Typically, landfill owners partner with an industry
neighbor who can use the biogas in one step of their industrial process
(such as for boiling water used for steam-jacketed pipes); however, due to
the isolated location, the landfill has no likely prospects to use the biogas.
A co-located gas-fired power plant scalable to the expected volume of
methane released from the landfill would have a long term source of free
fuel and ear RECs which could be sold. Should Metropolitan choose to
build a large generation station, it could potentially contract with LACSD or
a like entity to use the biogas captured at the landfill.
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Partnership with Waste Water Treatment Plant (WWTP): Waste water
treatment plants can provide both biodiesel and biogas. Biogas is
generated through anaerobic digestion of primary and secondary settled
sanitary wastewater. Most waste water treatment plants already utilize
biogas produced through anaerobic digestion. The primary settled
wastewater is also excellent feedstock for algae, which in turn create
natural oils that can be extracted and used to create biodiesel (Sheehan, et
al., 1998). Metropolitan could partner with LADWP, LACSD, or individual
WWTP to create lagoons for the purpose of creating a biodiesel oil source.

Since these fuels are carbon-negative or carbon-neutral, additional incorporation of
biofuels into Metropolitan’s energy portfolio could give them trading power should
the U.S. Federal Government enact a cap-and-trade system.

7. Nuclear
There are significant impediments to nuclear development in the United States,
and especially in California. Since the late 1970’s energy development in the United
States has moved away from nuclear. Ground has not been broken for a new
nuclear plant in the U.S. for more than 30 years (Flaherty, 2008). No U.S. nuclear
plant ordered after 1973 has been completed, and half of all orders placed since
1978 have been cancelled (Lovins & Sheikh, 2008). However, the U.S. Nuclear
Regulatory Commission (NRC) is currently revisiting application for new nuclear
plants: Ball Bend (Pennsylvania), Levy County (Florida), and William States Lee III
nuclear power plants (South Carolina). In California, there are specific regulations
preventing the adoption of nuclear power. The CEC cannot provide land use
permits or certify new nuclear power facilities in the state until federal government
has identified and approved a method of permanent disposal for spent fuel and
constructed and operated a nuclear fuel rod reprocessing plant (Hill & Genest,
2007). In addition, the Public Resources Code Sections § 25524.1(a)(1), §
25524.1(b) and § 25524.2(2) prohibit the construction of any new nuclear power
plants in California until the CEC finds that the federal government has identified
and approved a method of permanent disposal for spent fuel.
Should the issues of disposal and land use permits be resolved in favor of nuclear
power, nuclear power should then be evaluated against other existing and
emerging technologies. In general, however, new nuclear facilities are not
financeable in the private capital market because of the associated risks and
excessive capital costs (Lovins & Sheikh, 2008). In a testimony for the U.S. House of
Representatives, the Senior Vice President of Exelon Corp stated that an electric
company with a market cap of $40 billion would be hard pressed to finance a
nuclear plant without Federal loan guarantees (Crane, 2007) and a that 1 GW plant
would cost roughly $3 billion to construct (Kleiner, 2008).
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The primary cost drivers for nuclear energy are (Byron and Boyd, 2009):
1.
2.
3.
4.
5.

Capital costs
Fuel costs
Operation and maintenance costs
Waste-related costs
Decommissioning costs

In addition to uncertain and high capital costs, nuclear projects invariably
encounter significantly higher cost overruns in comparison to most construction
activities. The average cost overrun of the 75 U.S. nuclear plants constructed
between 1966-1977 was 307% (Gielecki & Hewlett, 1994). Looking at 2-year
cohorts within this time frame (i.e., 1966-1967, 1968-1969, and so on), the range of
overruns was 209 to 381% (Gielecki & Hewlett, 1994). Cost overruns of this nature
are ubiquitous, and in a recent case caused the bankruptcy of a New Hampshire
utility that could no longer service the debt associated with plant construction
(Lovins & Sheikh, 2008). Operating costs will rise as uranium fuel costs increase.
The price of uranium doubled between 2006 and 2008 and the Keystone group
projects that nuclear fuel costs will double after current contracts expire in 2012
due to mismanaged mining and enrichment activities (National Research Council,
2008; references therein).
Appendix A

Due to the combination of legislative restrictions, negative public opinion, excessive
construction costs and risk and high lifecycle carbon footprint, utilization of nuclear
power generating facilities is considered infeasible for Metropolitan.
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B. Levelized Cost of
Energy

Direct comparison of the costs to generate electricity from large-scale power
plants utilizing different technologies can be difficult as factors affecting
profitability vary widely. For instance, natural gas-fired power plants have
relatively low capital cost, but operating cost directly related to a fluctuating
commodity. A hydropower plant, on the other hand, has a relatively low cost of
operation, but requires capital outlays many-fold that of a natural gas plant. To put
all technologies on a similar plane, levelized cost of energy (LCOE) analysis is used
(Figure E-5 and E-6). LCOE analysis looks at initial investment, operations and
maintenance (O&M), cost of fuel, and the cost of capital. It can also include other
factors such as environmental impacts.
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California-Specific Levelized Cost of Power for Various Generation Types
Energy Efficiency
Hydro - In Conduit
Conventional Combined Cycle (CC)
Conventional CC - Duct Fired

With Incentives
Without Incentives

Biomass - WWTP
Biomass - AD Food

Geothermal - Dual Flash
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Biomass - AD Dairy
Wind - Class 5
Fuel Cell - Molten Carbonate
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Solar - PV (Thin Film)
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Figure E-5 Data from a report conducted by the CEC Klein and Rednam (2007), KEMA (2009), and Lazard
(2008) was combined to determine a possible range for expected levelized costs in California. Data for
enhanced geothermal based on a report conducted by NREL (Petty and Porro, 2007). See Appendix G for
source reference and assumptions associated with this figure. The CEC analysis includes: capital,
financing, insurance, property taxes, federal taxes, permitting, fuel, Operations and maintenance, and
staffing costs. For nuclear, both of these reports relied on overnight construction costs of approximately
$2800. Other reports mark the overnight costs up to $8000 (Schlissel and Biewald, 2008). To account for
higher levelized cost estimates, the maximum levelized cost for nuclear was doubled.
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Levelized Cost of Power with Fuel Sensitivity and Incentives
Energy Efficiency
Figure E-6 The
Lazard report looks
at how certain
values presented in
Figure E-5 would
change if they did
not include
incentives for
renewable (Lazard,
2008).
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Levelized Cost of Power Over Time, Without Incentives
Biomass - IGCC
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In-Service in 2009
In-Service in 2007
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Figure E-7 Levelized cost data for facilities in service by 2007 from Klein and Rednam, 2007.
Levelized cost data for facilities in service by 2007 from Byron and Boyd, 2009. Both documents
are CEC published reports. Costs for renewable energy sources such as biomass at waste water
treatment plants and geothermal power are roughly identical to natural gas systems, while
conservation systems are the most cost effective (Figure E-5). Enhanced geothermal are shown as
the most expensive without subsidies. Of the solar technologies, parabolic troughs have the lowest
LCOE (Klein and Rednam, 2007) (Figure E-5).
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In general, renewable technologies are not dependent on purchasing fuel to
generate energy, therefore the range of levelized costs do not vary as a function of
fuel prices (Figure E-6). Conventional technologies, however, are heavily
dependent on purchased fuel costs, therefore when assumptions on fuel prices
change, so does the range of expected levelized cost of power or energy (Figure E6). If a Federal cap-and-trade program is adopted, the demand for natural gas will
increase as the nation shifts from coal to natural gas. Prices for natural gas in
California will increase due to this extra demand, especially when 87% of natural
gas used in California is imported (Byron and Boyd, 2009). This will result in a
realized levelized cost that is on the higher end of the bar for conventional
combined cycle (Figure E-6). Nuclear fuel costs are expected to increase in the
future. While processed uranium prices declined from $38 to $10 per pound from
1983 to 2002 (EIA, 2009m), prices have since skyrocketed to a high of $90 per
pound in 2007 (Moran & Raup, 2007). While 2008 prices dropped to $46 per
pound (EIA, 2009n), processed uranium is expected to double after current
contracts expire in 2012 due to mismanaged mining and enrichment activities
(National Research Council, 2008; references therein), increasing the levelized cost
of nuclear.
While nuclear power has one of the lowest operating costs when compared to
other power sources, LCOE shows more substantial costs. The levelized costs
showed a range for nuclear of $91 - $252 per MWh and a range for natural gas of
$73 to $104 per MWh (Lazard, 2008). Several other studies, however, indicate that
the levelized cost for nuclear may be much greater than indicated in Figure E-5.
One CEC report utilized an overnight cost (the cost to build a plant ‘overnight’
assuming current prices) of $2865 per kW. Since the CEC report was published,
construction costs have increased significantly. A recent Massachusetts Institute of
Technology report states an overnight cost of $4000 per kW as a more realistic
number in current conditions (Deutch et al., 2009). The Florida Power and Light
Company, owners and operators of several nuclear facilities filed a petition for
adding units to existing nuclear facilities. In this petition, estimates of overnight
costs ranged from $3,108 to $4,540 per kW (Nuclear Energy Institute, 2009), but
when cost escalation and financing costs were accounted for, the total construction
cost was estimated to be between $5,492 to $8,081 per kW (Schlissel and Biewald,
2008). The difference between estimated overnight and actual construction costs
is significant because overnight costs do not accurately reflect the capital cost to
build a facility over a decade or more.
Overnight costs for nuclear are expected to continue increasing while overnight
costs for offshore wind, onshore wind, parabolic troughs, and PV are expected to
decrease (Byron and Boyd, 2009; Klein and Rhyne, 2009). Other generating
technologies are expected to remain roughly constant. The CEC predicts that by
2022, overnight nuclear costs will be two to four times that of other generation
technologies (Byron and Boyd, 2009; Klein and Rhyne, 2009).
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The LCOE for various technologies is expected to change over time, and not in the
same direction for each technology. Costs for renewable technologies that have
not reached maturity are expected to decline in the near-term future. Solar PV has
already declined from $700 per MWh to $310 per MWH over the past two years
(Figure E-7). In the same time period, costs for conventional combined cycle, duct
fired, and dual flash geothermal plants have increased; costs for these technologies
are expected to increase further by 2018 (Figure E-7). Given the propensity of LCOE
to vary over time, technologies that currently have low LCOEs (relative to other
technologies) may have high LCOEs (relative to other technologies) in the future.

C. GHG emissions
from Electricity
Generation
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Table E-1 Lifecycle carbon
emissions for electricity
generating technologies
(Sovacool, 2008; Kleiner,
2008). Lifecycle carbon
emissions from nuclear,
photovoltaic, and wind are an
order of magnitude lower
than for coal and natural gas.

While the source of energy for solar, wind, and other renewable energy is
ultimately derived from the sun and are considered carbon neutral, life cycle
analysis shows that there are slight quantities of CO2e associated with their use
(Table E-1). Lifecycle analysis includes all factors pertaining to lifetime operation,
including environmental impacts.
Table E-1 Lifecycle Carbon Emissions
Technology
Coal
Natural Gas
Nuclear
Photovoltaic
Wind

Life Cycle CO2e
(gCO2e/kWh)
960
443
66
32
10
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No energy source is carbon neutral from a lifecycle perspective due to embodied
carbon in construction. Implementation of wind energy has the lowest life cycle
carbon impact with only 10 grams CO2e/kWh (Table E-1). Life cycle solar emissions
result in three time that of wind. Emissions related to natural gas and coal,
however, are one to two order of magnitude larger; natural gas has life cycle
emissions of 443 grams CO2e/kWh and coal has life cycle emissions of 960 grams
CO2e/kWh.
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Nuclear is considered carbon neutral by many of its proponents, however analysis
by Sovacool and Kleiner (Table E-1) illustrates that nuclear is not, in fact, carbon
neutral. The carbon intensity of nuclear occurs in the front end of the fuel cycle
which includes mining, milling, and enrichment of uranium ore. The front end of
the fuel cycle accounts for almost 40% of the lifecycle carbon emissions (Figure E8).

Carbon Emissions and Nuclear Energy
Figure E-8 Sources of CO2e
from nuclear energy (Kleiner,
2008). Of the CO2e associated
with utilizing nuclear
technology to generate
electricity, only 31% results
from operation and
associated fuel processing and
waste disposal. The less
visible aspects of nuclear
power have higher levels of
CO2e.

12%
Construction

39%

17%

Operation
Fuel processing and waste disposal
Decomissioning

14%
Mining, milling and enriching ore

18%
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Appendix F

Power and Water Water resources and the power to drive them is the foundation of any water
supply system and there are significant feedback loops at the water/power nexus.
Nexus
In regions such as southern California where population is grown beyond the
A. Water Solutions
Driven by the Need
for Power
Reductions and
Loss of Water
Supplies

carrying capacity of traditional water supplies, new resources and financial models
become necessary to support them. This section explores some of major options
available to Metropolitan and its member agencies dealing with increases in energy
pricing and water supply options and their respective energy intensity.

1. Seawater desalination
9

3

Of the 1.4x10 km (1.1x1015 af) of water on earth, less than 3% is fresh water, and
approximately 70% of the fresh water is inaccessible ice caps and glaciers (Miller,
2003). The world’s oceans contain 97% of the world’s easily accessible surface
water and represent a largely untapped water resource in Southern California.
While humans have been practicing small-scale seawater desalination for centuries
to produce fresh water on seagoing ships and table salt, large-scale seawater
desalination is a relatively recent method of water supply; Kuwait was the first
country to utilize seawater desalination for water supply in 1957 (Triveni
Engineering & Industries LTC, 2009). Desalination became the main water source
for some countries in the Middle East; supplying virtually 100% of drinking water in
Kuwait and Qatar and the source for roughly one half of the drinking water in
Bahrain, Saudi Arabia, and Malta (Bremere, et al., 2001). The Middle East currently
accounts for 60% of the world’s desalination capacity (Triveni Engineering &
Industries LTC, 2009).
As of 2008, approximately 13,000 desalination plants (13,728 MGD) in operation
worldwide, 60% are located in the Middle East (Scully, 2008). The world's largest
plant in Saudi Arabia produces 128 million gallons per day (MGD) of desalted water.
In contrast, 12% of the world's capacity is in the Americas, with most of the plants
located in the Caribbean and Florida (Newcomb 2007).
As of 2009, only a limited number of desalination plants have been built along the
California coast (Table F-1), primarily because the cost of desalination is generally
higher than the costs of other water supply alternatives available in California (e.g.,
water transfers and groundwater pumping). However, as population continues to
grow unabated and climate change potentially reducing historic natural flows,
concern over water availability increases. Desalination projects are planned at
numerous locations in the State (Newcomb, 2007). The Poseidon project in San
Diego County is slated to begin in 2009 and begin production of 50 MGD in 2012
(Poseidon, 2005) and West Basin Municipal Water District are developing a 0.5
MGD pilot plant that may be ultimately be built out to 20 MGD. The table below
identifies some of the historic California desalination activities and the associated
cost per acre-foot.

1/12/2010 Board Meeting
F-2 Page

9-2

Attachment 2, Page 268 of 288

Energy Management and Reliability Study

December 2009
Metropolitan Water District
of Southern California

Table F-1 California Desalination Projects and Approximate 2006 Operational Costs
Desalination Plant Location
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Process

Year Built

City of Morro Bay (emergency backup)

RO

1993

$1,750

Monterey Bay Aquarium

RO

1993

$1,800

City of Santa Barbara

RO

1992

$1,900

PG&E Diablo Canyon Power Plant

RO

1992

$2,000

SCE, Santa Catalina Island

RO

1991

$2,000

Chevron Gaviota Oil and Gas Processing Plant

RO

1987

$4,000

U.S. Navy, San Nicolas Island (temporary)

RO

1990

$6,000

Marin Municipal Water District
(temporarily-removed)

RO

1990

$1,600-$1,700 (est.)

-

-

RO

TBD

Metropolitan Water District (MWD) of So. Cal.
(brackish groundwater treatment)

Cost per Acre Foot

$700 (est.)

Appendix B
Discussion of
Regulations
Appendix C
Board Letters
Appendix D
Discussion of Climate
Change
Appendix E
Power Generation
Technologies
Appendix F
Power and Water
Nexus
Appendix G
Assumptions

SDCWA Desalination Plant

$1,100 -$1,300 (est.)

(Pantell, 1993)

The California Coastal Commission also states: “Most seawater desalination plants
in California would produce water in the range of $1,000 to $2,200/af (1992 cost
basis).” In 2008 dollars, this equates to $1,535 to $3,376. Based Poseidon’s
internal reports, the plant is expected to perform at a little over $1,350/af per year
(Poseidon, 2005), but until the system is up and running, the cost cannot be
confirmed.
Several technologies can be utilized to desalinate seawater including: multi-stage
flash distillation, ion exchange, reverse osmosis, freezing, solar humidification, and
geothermal desalination. Reverse osmosis is considered the current baseline
technology as it cheaper (particularly is countries with high power costs) and
presently more energy efficient than thermal distillation technologies (Miller,
2003).
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Operating Cost of Regional Water Supplies Including Desalination Technology
Breakdown (kWh/af)
Figure F-1 The
upper graph shows
regional water
supplies and their
relative energy
intensity (Cohen,
Nelson, & Wolff,
2004). The lower
graph was published
by the California
Coastal Commission
(Newcomb, 2007).
Generally speaking,
Middle Eastern
costs for power are
far lower than the
United States which
makes high energy
intense options
viable. Price
variability is due to
where the facility is
constructed, the
technology used,
and the local cost of
power.

While RO technology utilizes less energy than previous desalination technologies,
the energy intensity of water produced through RO is significantly higher than other
sources of water.
While transporting water over large distances is energy intense (e.g., SWP, CRA),
seawater desalination techniques require approximately 33% more energy than
water delivered through the SWP and greater than 100% more energy than water
delivered through the CRA.
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In addition to being energy intensive, desalination facilities in California are
required to be carbon-neutral under guidelines developed by the State and
Attorney General. This is generally accomplished by developing a renewable
energy supply as well as calculating the carbon offsets realized by mitigating water
imports. This model was approved for Poseidon and is anticipated to apply to
future desalination facilities built in the State.
At present, similar to its recycled water program, Metropolitan helps to support
development of desalination water treatment plants by its member agencies.
Energy intensity of desalination is twice that of CRA supplies which would all need
to be purchased at retail rates resulting in more than over triple the price of power
(approximately 3 cents/kWh vs. 10 cents/kWh: $23 million vs. $69 million,
respectively). Owning/operating energy intensive desalination in Metropolitan’s
water portfolio would be a significant departure from its current business model;
however it may prove to be practical on some level. Areas such as Laguna Beach,
Palos Verdes or the Brentwood region of Los Angeles have Metropolitan points of
connection that lie near the Pacific Ocean. As an example, the nearby port of Los
Angeles grounds may be suitable under a climate change or sustained drought
scenarios. Another possibility is continue to partner with local agencies to provide
project funding through its current program which has a maximum payout of
$250/af over a 20-year period with the possibility of expanding the incentives
further to get the projects built faster.
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2. Recycled water
Metropolitan’s resources program to subsidize recycled water was initiated in
1982. Recycled water programs have been functioning in southern California
beginning with recycled water use in the Montebello forebay in the 1960’s, but
their rate of expansion has fluctuated over the decades due to a variety of reasons.
Water quality, public perception, salt balance, and local priorities have all been
issues controlling recycled water projects, particularly in wet years. However,
public perception in California has changed in the past decade and recent extended
droughts have led to rapid expansions of existing recycled water systems
throughout Southern California, particularly in Los Angeles County. For the first
time in California, indirect potable water reuse is underway in Orange County
where over 25 mgd of recycled water are being fully treated to reverse osmosis
levels, and then injected into groundwater basins to augment local water supply
and serve as a saltwater barrier.
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In southern California, recycled water is made available to local customers at
discounts of 10-50% below retail potable water rates. As of 2009, retail potable
water rates in Southern California typically range from $1200/af to $600/af at the
customer meter. Much of the high-cost water is at the coast (furthest away from
water traditional sources) near low elevation water reclamation plants.
Metropolitan’s 2009 typical treated water rate is approximately $701/af and rising
so shifting to recycled water use has already reached potable water supply parity in
most areas.
A recent study USBR study executed by DWR and the USBR which is presently in
draft form and identifies 34 projects in southern California that could provide up to
450,000 af annually of recycled water projects which is about 35% of Metropolitans
CRA delivery capacity of 1.3 maf per year or 12% of the recent average annual
delivery (USBR, 2002).

3. Stormwater capture and reuse
Another local resource that Metropolitan could elect to expand its support of is
stormwater reuse. Stormwater as a source of water for Southern California is an
alternative which is currently under serious consideration by the local water
agencies (e.g. LA River redevelopment plan) because of the potential for recharge
of very large quantities of water that can be captured and reused. At present,
stormwater during a storm event is directed to the ocean via storm drains, culverts,
channels and concrete-lined rivers. With urban development covering a vast range
of areas with impermeable surfaces, the volume of water flowing directly to the
ocean has increased substantially over the past 100 years in Southern California.
Surfaces such as roads, freeways, parking lots, and buildings impede percolation,
which in turn hinders natural aquifer, replenishment. Furthermore, urban
stormwater is difficult to capture due to the high speeds of runoff from these hard
surfaces.
There are many ways to capture stormwater for reuse. Firstly, these include large
projects where stormwater is captured and then percolated at spreading grounds
for groundwater recharge. Large projects can be designed to capture up to 40,000
af of water per year. Example projects include an Inland Empire Utility Agency’s
water recharge project that will capture 15,000 to 20,000 af/year and the Coachella
Valley Water District’s project in La Quinta that will capture 40,000 af/year via 39
recharge basins on 165 acres.
The majority of the costs associated with a stormwater capture project are incurred
during the initial phases. In general terms, this comprises of finding a suitable
aquifer, establishing its boundaries to protect against contamination, obtaining
rights to the groundwater, and installation of a facility to use the water.
Small-scale neighborhood projects such as the following can be incorporated into
new developments as well as existing sites; rain gardens, green roofs, rain barrels,
cisterns, purposefully incorporating plant beds instead of concrete dividers in
otherwise impermeable parking lots, and the installation of permeable paving to
allow water to pass into the soil instead of running off are all viable options.
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Table F-2 Stormwater Capture Costs
Table F-2 The estimate
for the cost of capturing
stormwater for reuse
based on projects which
are planned and
operated by the Inland
Empire Utility Agencies
and the Coachella Valley
Water District. Since
these numbers are site
specific, individual costs
will vary based on local
hydrology. The estimate
includes the treatment
costs of $155/af which
brings the estimate to
$300 to $400/af when
including the interest on
capital costs and the
pumps installed to
extract the water for use
(Freeman, 2008).
Appendix A
Historic and Future
Energy Pricing and
Drivers Analysis
Appendix B
Discussion of
Regulations
Appendix C
Board Letters
Appendix D
Discussion of Climate
Change
Appendix E
Power Generation
Technologies
Appendix F
Power and Water
Nexus

Initial Capital Cost
Ongoing Operation Cost
Production Capacity in acre-feet
Estimated Cost per acre-foot

$40-63 million
$1-3.5 million
17,500-40,000
$350+

Sources; Los Angeles Economic Development Corporation, Inland Empire Utilities Agency,
Coachella Valley Water District

4. Issues with water reuse and treating low quality sources for
water supply
In a resource constrained world, as the water industry in California is becoming due
to a variety of factors including population growth, lower quality water bodies are
being tapped for treatment and use. Projects such as recycling wastewater into
Title 22 recycled water and treatment of brackish groundwater are now be utilized
and with that, comes new public pressure and water quality monitoring that
traditionally have not been necessary.
Water reuse and conservation are familiar issues within California; recycled
wastewater and low-quality water (water with relatively high contaminant
concentrations such as salt, metals, or nitrate) are currently used for numerous
non-potable applications throughout the State, including irrigation, dust control,
and fire suppression. Several Southern California water districts (e.g. Orange
County) have already implemented groundwater recharge programs, where
tertiary-treated wastewater is injected into groundwater basins to prevent sea
water intrusion, aquifer collapse, and indirectly supplement potable water supplies
(MRWPCA, 2009). Increasing demand, paired with shrinking supply, are
encouraging creative thinking regarding long-term potable water supply. This
includes the feasibility of using recycled waste water as a direct potable water
source.
Emerging contaminants are a public concern. Though current wastewater
treatment methods are sufficient in removing known and regulated contaminants
to conform to EPA primary and secondary drinking water standards, improvements
in testing efficiency and emerging testing technologies are revealing the presence
of chemical and microbial contaminants that previously went undetected in highlytreated wastewater effluent. These “emerging contaminants” are present in
wastewater streams, from municipal, agricultural, and industrial sources.
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Many of these emerging contaminants, such as antibiotics, pharmaceuticals, plant
and animal hormones, flavors, fragrances, and detergents, may limit the ability to
increase use of recycled waste water as a potable water source for multiple
reasons, including: 1) the short-term and long-term effects of exposure are
unknown or speculative; 2) since the contaminants are numerous and have a
variety of chemical structures, there are no established detection methods; 3) at
present, there are no established treatment methods that remove known
contaminants, many of which are present at part per billion or lower
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concentrations and; 4) new chemicals are constantly being created and marketed,
making it virtually impossible to track all potential emerging contaminants, their
effects on human physiology and the environment, or potential interaction with
other chemicals in our body or the environment (RAND, 2009).
Groundwater contamination in California is widespread. In 2000 and 2001, the
USGS collected samples from 72 groundwater wells in differing climatic and
hydrogeologic settings within the continental U.S., Hawaii, and Puerto Rico (USGS,
2009a). These sites were chosen because they are considered susceptible to
human or animal contamination (i.e., adjacent to landfills, leach fields, or animal
feedlots). Samples were analyzed for organic wastewater contaminants (OWC). At
least one OWC was detected in 93% of the samples, and 77 chemicals were
detected in at least one sample. The most commonly detected compounds include
the plasticizer bisphenol A, human and animal steroid cholesterol, reproductive
hormone estriol, insect repellant n,n-dieethytoluamide, and detergent 4nonylphenol monoetholyxlate. Plasticizers, insecticides, steroids, and detergents
represent 75% of detected OWCs (USGS, 2009a). Conclusions indicate that OWCs
are sufficiently persistent and mobile to contaminate groundwater systems,
regardless of climate or hydrogeology (USGS, 2009b).
The EPA and USGS have been researching potential detection methods as part of
the National Emerging Contaminants Reconnaissance launched by the EPA in 2000.
Potential detection methods include:
•

•

Measuring commonly detected contaminants instead of the fecal coliform
E. coli as indicators of unhealthy water conditions. This method has the
added benefit of increasing efficiency, since many detection methods have
faster turn-around times than coliform methods, which require 48-hours
(USGS, 2009b; Glassmeyer, et al., 2005).
Measuring rare earth elements commonly present in wastewater. Rare
earth elements will act as excellent tracers because they are extremely
stable, passing through the human body and environmental system
unchanged, and are easy to detect (USGS, 2009b).

Efforts to regulate emerging contaminants are already underway and are certain to
continue in the near future. Detection method improvements and potential
regulation of endocrine disrupting compounds, emerging contaminants typically
attributed to pharmaceuticals and commercial animal operations, are currently
underway on both the state and national level (Helland, 2006; EPA, 2009a). The
California Department of Public Health has modified the drinking water recycling
criteria to address emerging contaminants in Title 22, Chapter 3, Sections 60301
through 60355, of the California Code of Regulations, commonly referred to as Title
22, (Stone & McKibben, 2008). However, specific testing methods and maximum
contaminant levels for emerging contaminants are not yet addressed in Title 22.
The EPA has instigated regulation from several perspectives, including amending
the Resource Conservation and Recovery Act universal waste provision to include
Pharmaceuticals and Personal Care Products and adding these to the third revision
of the Contaminant Candidate List (Kehoe, 2007; Conerly, 2005).
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5. Future of water treatment and new energy generation
sources
Recognition of the threat posed by emerging contaminants and concern regarding
increasing energy prices has also sparked interest in new, energy-efficient water
treatment technologies and energy generation sources for technologies such as
desalination. The majority of currently-available treatment technologies thought
most capable of removing emerging pollutants – RO, membrane bioreactors, ultrafiltration, and ozonation are extremely energy intensive and ineffective at removing
100% of the contaminants causing concern; even the most promising technologies
remove only approximately 30% of contaminants most likely to face regulation
within the next five years (Reuters, 2009).
a) Solar Water Distillation
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Solar water distillation is an emerging treatment method being actively researched
by the EPA, universities, and corporations. This method can be used to treat ocean
or brackish water to drinking water standards without the high energy cost
associated with current desalination technologies (Figure F-1). Solar distillation is
effective in removing heavy metals, pathogens, and salt from brackish or saline
surface, ocean, and groundwater (Foster, Amos, & Eby, 2005). These plants utilize
solar energy to increase the temperature within a production structure, and
evaporate contaminated feed water through the greenhouse effect. The
evaporated water then condenses on the structure and is collected, while
contaminants are flushed out by additional feed water (Foster, Amos, & Eby, 2005).
Solar desalination plants can be constructed on or off-shore, close to the coastal
line, or marine vessels or platforms to reduce the high capital cost of land purchase
in high-value coastal areas. Although most solar distillation facilities currently in
use are small-scale, technological and design improvements may make large-scale
production feasible and cost effective. Start-up companies such as Solar Water
Energy LLC are marketing 1-acre offshore solar distillation plants capable of
delivering 1 m3 per second (22 MGD) for $50 million capital cost, $0.05 per 1
kiloliter production cost, and a 20% return on investment (Solar Water Energy,
2009).
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Wind-powered desalination plants also offer the potential for a feasible potable
water source without the high energy cost associated with RO. Small-scale windpowered desalination plants are currently
Pairing existing treatment methods with new energy generation sources would
make energy-intensive methods more palatable. Research into large-scale energy
sources is already underway within the United States. Interest in the identification
of clean energy sources has been piqued by government investment in alternative
energy research, looming CO2 and GHG legislation, and rising fuel prices. The
USDOE Energy Efficiency and Renewable Energy (EERE) office is leading
investigations in several alternative energy sources, such as geothermal, biomass,
solar, wind, and hydropower to enhance U.S. energy security, environmental
quality, and economic vitality (USDOE, 2009). Government sponsorship of
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alternative energy research is increasing, as indicated by recent growth of the EERE
research program budgets (USDOE, 2009a). Several ambitious goals were
established for the research program to be overseen by USDOE, including:
•
•
•
•

Reduce CO2 emissions by 10 gigatons by the year 2030 and 45 gigatons by
2050
Offset oil importation by 4 billion barrels by 2030 and 40 billion barrels by
2050 by diversifying the U.S. energy profile
Save consumers $800 billion by 2030 and over $6 trillion by 2050.
Reduce cumulative power sector costs by $500 billion by 2030 and $1.3
trillion by 2050 (USDOE, 2009a)

Breakthroughs in large-scale alternative energy sources can potentially subsidize
Metropolitan’s energy requirements. The feasibility of using hydro, wind, solar,
geothermal, biomass/biofuel, and nuclear power sources to augment or replace
Metropolitan’s current energy source mix is addressed in detail in Section 7.
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Appendix G

Assumptions

Many of the figures and tables contained in this report are derived from more
than one source of data and contain imbedded assumptions and calculations. This
appendix contains detailed lists of assumptions and sources for report figures that
required multiple sources and assumptions to construct. Reference information for
figures that are based on only one source of data or are based solely on internal
Metropolitan data is contained in figure captions. All price data is in nominal U.S.
dollars.

A. Section 4

1. Figure 4-2 U.S. and California Historical Retail Electricity
Prices
• U.S. historical industrial-class retail electricity.
− Data from EIA’s 2008 Annual Energy Review (EIA, 2009e).
• California industrial-class retail electricity prices.
− 1970–2007 data from EIA’s California State Energy Data System (EIA,
2009j).
− 2008 prices from EIA’s Monthly Electric Sales and Revenue Report with
State Distributions Report (EIA, 2009k).
• “CA-US” is the yearly difference between the U.S. and California historical
industrial-class retail electricity prices.
• Dashed linear regression lines show the simple 39-year average price trend for
each data set.
• The values that rest parallel to the linear regression lines and are not bolded
show the slope of the regression line in cents/year.
• The first bolded value that rests parallel to the x-axis represents the % change
in historical price from 1970-2008.
• The second bolded value that rests parallel to the x-axis represents the
average year-to-year % change in historical price from 1970-2008.

B. Section 5

1. Figure 5-1 U.S. Historical and Projected Bituminous Coal and
Natural Gas Prices
• U.S. bituminous coal
− Pre-2009 U.S. bituminous coal prices from EIA’s Annual Energy Review
2008 (EIA, 2009e).
− Projected U.S. bituminous coal prices (2009-2030) based on EIA’s AEO2009
(EIA, 2009b).
• U.S. industrial natural gas
− Pre-2009 U.S. industrial natural gas prices from EIA’s Natural Gas Summary
(EIA, 2009f).
− Projected U.S. industrial natural gas prices (2009-2030) based on EIA’s
AEO2009 (EIA, 2009b).
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• EIA’s projection of U.S. bituminous coal and industrial natural gas
− EIA forecast reference case assumes that carbon sequestration method
development and implementation occur, and only includes the impacts of
laws and regulations in effect before November 5, 2008.
− Projection to 2030 assumes coal production grows at less than 1%/yr;
growth due mainly to added electric production capacity. 2009 low coal
prices are projected to recover and increase through 2030, and reach 2008
price levels in 2023.
− The 3-4 year period of relative price stability for natural gas beginning in
2019 is due to new gas infrastructure addition; specifically the
construction of a gas-to-liquid facility and one to two pipelines from
Alaska.
• Extrapolated U.S. bituminous coal and industrial natural gas
− 2031-2040 U.S. bituminous and natural gas prices were an extension of a
linear regression of EIA’s projection data for each fuel.
− 2009-2012 data was not utilized for the linear regression because it is
assumed to reflect the current recession and not reflective of long-term
trends.
− 2013-2030 data was utilized for the linear regression.
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2. Figure 5-2 U.S. Historical and Projected Price of Retail
Electricity
• U.S. historical industrial-class retail electricity prices
− Historical data from EIA’s 2008 Annual Energy Review (EIA, 2009e).
− Projections from 2009-2030 from EIA’s AEO 2009 (EIA, 2009b).
• EIA’s projection of U.S. retail Electricity
− EIA’s assumptions for projected electricity prices include capital cost
increases for new and retrofit facilities that are equal to a $15/tonne CO2e
charge.
• Extrapolated U.S. retail electricity
− 2031-2040 U.S. industrial-class retail electricity prices were an extension of
a linear regression of EIA’s projection data for each fuel.
− 2009-2012 data was not utilized for the linear regression because it is
assumed to reflect the current recession and not reflective of long-term
trends.
− 2013-2030 data was utilized for the linear regression.

3. Figure 5-3 U.S. and California Historical and Projected Price
of Retail Electricity
• Data sources and assumptions for U.S. industrial-class retail electricity prices
identical to those of Figure 5-2.
• California industrial-class retail electricity
− Prices from 1970–2007 from EIA’s California State Energy Data System
(EIA, 2009j).
− 2008 prices from EIA’s Monthly Electric Sales and Revenue report with
State Distributions Report (EIA, 2009k).
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• Projected California price from 2009-2040 assumes that the divergence of
California and U.S. prices described in Figure 4-2 continues throughout the
modeled time period.
• The light blue shading represents the historical average deviation (range) of
California’s actual electricity prices above and below the linear regression of
historical values (linear regression shown in Figure 4-2). The average
deviation above the linear regression has been $0.011/kWh. The average
deviation below the linear regression has been $0.008/kWh.
• The dark blue shading represents the historical maximum deviation (range) of
California’s actual electricity prices above and below the linear regression of
historical values (linear regression shown in Figure 4-2). The maximum
deviation above the linear regression has been $0.026/kWh. The maximum
deviation below the linear regression has been $0.019/kWh.

4. Figure 5-4 California Projected Average Market Price of
Wholesale Electricity
• Projected California retail electricity prices shown in Figure 5-3 are used. See
above for relevant assumptions and methods.
• On-peak wholesale electricity
− EIA republished Intercontinental Exchange data on wholesale electricity
prices for the SP 15 hub (EIA, 2009p). The average of the weighted peak
price of wholesale electricity was calculated for each year from 2001-2008,
and was compared to the historical retail electricity prices.
− 2001-2002 data was not utilized in the comparison to minimize the
influence of the 2001 California energy crisis.
− Average difference between retail and peak wholesale electricity prices
from 2003-2008 was approximately $0.03/kWh.
− The differential between retail and peak wholesale electricity prices
($0.03/kWh) was used to shift the retail electricity price projections down.
The resulting line is the estimate of average market on-peak wholesale
prices.
• Off-peak wholesale electricity
− EIA’s Annual Electric Power Industry Report (EIA, 2009q) provided data on
average weighted wholesale electricity prices in the WECC region. The
average of the weighted price of wholesale electricity was calculated for
each year from 2001-2008, and was compared to the historical retail
electricity prices.
− 2001-2002 data was not utilized in the comparison to minimize the
influence of the 2001 California energy crisis.
− Average difference between retail and weighted wholesale electricity
prices from 2003-2008 was approximately $0.055/kWh.
− The value of $0.055/kWh as the difference between retail and off-peak
wholesale electricity prices was assumed after consideration of the EIA
data on the WECC region, Metropolitan’s budgetary estimates for
purchased off-peak wholesale electricity, Metropolitan’s average
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supplemental purchase price forecasts, and Metropolitan’s historical
supplemental purchased power costs.
− The differential between retail and off-peak wholesale electricity prices
($0.055/kWh) was used to shift the retail electricity price projections
down. The resulting line is the estimate of average market off-peak
wholesale prices.

5. Figure 5-5 Assumed Carbon Price Projection Under AB-32
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• This figure assesses carbon prices under two main assumptions
− AB-32 is enacted and is not superseded by any federal regulation
− Carbon prices are significant
• Provisions of a cap-and-trade program under AB-32 have not been formalized
• To approximate the cost of implementing AB-32 and assuming high carbon
prices result, economic analysis of proposed federal cap-and-trade programs
were utilized.
• From EIA’s Analysis of Senate Amendment 2028, the Climate Stewardship Act
of 2003 (EIA, 2003), carbon prices projected in 2010 to be $22/tonne and in
2025 to be $60/tonne.
• The slope between these two points as assumed here to be the slope for
carbon price growth over time.
• The Climate Stewardship Act of 2003 (EIA, 2003) assumed that a cap-andtrade program would be implemented starting in 2010. Emission reduction
goals of this act include: reaching 2000 levels by 2025.
• Emission reduction goals of California AB-32: 2000 levels by 2010, 1990 levels
by 2020, and 80% below 1990 level by 2050.
• Emission reduction goals of California AB-32 are stricter than the goals of the
Climate Stewardship Act of 2003.
• Because initial goal set by AB-32 reaches the goal of the Climate Stewardship
Act 15 years earlier and AB-32 sets progressively stricter caps, it is assumed
that the market value of carbon will be higher under AB-32 than projected
under the Climate Stewardship Act.
• To account for the expected higher value of carbon under AB-32, the line
resulting from connecting the price points detailed in EIA analysis of the
Climate Stewardship Act was shifted up.
• The assumed shift is $20/tonne.

6. Figure 5-9 Probability of Annual Energy Generation Falling
Below 1.0 GWh at Hoover Dam
• USBR CRSS model adapted for Metropolitan’s operations by Metropolitan’s
water resources staff
− Corrections to the model made
− Model runs and simulation of future conditions were performed
− Further development of this analysis is anticipated in the future to be
vetted in the scientific community
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7. Figure 5-10 Average Annual Energy Generation from Hoover
Dam
• USBR CRSS model adapted for Metropolitan’s operations by Metropolitan’s
water resources staff
− Corrections to the model made
− Model runs and simulation of future conditions were performed

8. 5-11 Probability of Dropping Below Minimum Power Pool in
Each Year Modeled
• Triangles reproduced from Barsugli, et al., 2009.
• Black line is best fit for the triangles; based on MS Excel R2 values.
• Red line is assumed water deliveries based on scenario assumptions and staff
recommendations.

C. Section 7

1. Figure 7-1 Hypothetical Electricity Cost Projection for CRA
and Retail System in Scenario 2
• Assumed 1.05 maf of annual CRA deliveries throughout the analysis period
− Metropolitan staff recommendation
• 2.0 MWh needed to pump 1.0 af
− Metropolitan staff recommendation
− From historical energy intensity of pumping CRA water
• 1,050,000 MWh of baseline deliveries of firm Hoover power
− Metropolitan staff recommendation
− From current allocation and generation capacity of Hoover Dam given
current reservoir elevations).
• 5% reduction in baseline deliveries of Hoover power starting in 2018
− From a publication in the 74th volume of the Federal Registrar regarding
Post-2017 allocation of Hoover power (Federal Register, 2009).
• 2.2% reduction of overall Hoover power availability by 2040
− From projections by Metropolitan’s Water Resources Group, assuming no
significant climate change.
• 2.2% reduction in Hoover power availability assumed to decline linearly from
2010 to 2040.
• 240,000 MWh from Parker indefinitely
− Metropolitan staff recommendation
− From analysis of historical levels of Parker power during years with 1-1.1
maf of CRA water deliveries
• 220,000 MWh of free benefit energy through 2017
− Metropolitan staff recommendation
− From formula in the Service and Interchange Agreement and historical
levels of benefit energy during years with 1-1.1 maf of CRA water
deliveries)
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• In 2018, benefit energy is reduced to zero MWh and Metropolitan is no longer
able to bank energy
− Expiration of the Service and Interchange Agreement in 2017
• Assumed that any difference between Metropolitan’s electricity consumption
and power output supplied from Hoover, Parker, or benefit energy will be met
with purchased off-peak wholesale electricity
− Metropolitan staff recommendation
• Assumed $0.015/kWh cost of electricity from Hoover Dam
− From historical cost range of Hoover power from $0.015-0.02/kWh.
− Price of Hoover power includes payback of cost associated with
construction and annual operation of dam.
− There is no peak pricing for power from Hoover dam.
• Assumed $0.01/kWh cost of electricity from Parker Dam
− From historical cost range of Hoover power.
− Metropolitan contributed to the capital construction costs of Parker Dam
and therefore does not reimburse the government for construction costs
of Parker.
• Off-peak wholesale electricity prices from 2018-2040 will reflect the prices
and assumptions in Figure 5-4.
• Off-peak wholesale electricity prices from 2010-2017 will be $15/MWh less
than those detailed in Figure 5-4
− From Metropolitan’s Average Supplemental Purchase Price estimations,
and the fact that until 2018 Metropolitan can buy off-peak power in winter
months (off-peak wholesale electricity in winter months is less expensive
than off-peak during summer months) and bank the energy with SCE
under provisions of the Service and Interchange Agreement.
• Assumed 6.0 GWh average pre-ozone baseline consumption per treatment
plant
− Average treatment plant consumption from 1997-2004 is 6.08 GWh
(rounded to 6.0 GWh).
• Assumed 80% increase in treatment plant energy use once ozone comes
online
− Increases in load at Jensen when ozone became operational
(Metropolitan’s 2005-2007 energy consumption data for Jensen was
broken down by ozone facilities and other plant facilities; energy
consumption of ozone facilities at Jensen is 60%-100% of the energy
consumption of Jensen’s other plant facilities over the time period).
• Jensen, Mills, and Skinner ozone facilities operational in or before 2009.
• Zero net MWh consumption at Diemer starting in 2010
− Metropolitan staff recommendation
− Due to integration of the Yorba Linda small hydroelectric plant and Diemer
• Ozone facilities at Diemer operational in 2013.
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• The Yorba Linda plant is assumed to meet Diemer load once ozone is
operational
− Expected Diemer’s load of 10.8 GWh remains less than the 1990-2008
average production at Yorba Linda of 28.7 GWh.
• Ozone facilities at Weymouth operational in 2014.
• 29 GWh baseline energy consumption for all other facilities
− From historical Metropolitan data.
• 0.5% annual increase in electricity demand at all retail facilities assumed
− Due to annual projected increase in water demand in Metropolitan’s 2005
Regional Urban Water Master Plan.
• Electricity prices for all retail facilities are California retail prices as detailed in
Figure 5-3 plus a 7% increase based on increased costs to attain a 33% RPS
requirement (Gillette, et al., 2009).

2. Figure 7-2 Hypothetical Retail Electricity Cost Projection –
Scenario 2
• See assumptions for Figure 7-1 related to retail facilities.

3. Figure 7-3 Hypothetical Electricity Cost Projection with
Regulatory Changes
• Cost projection applies to CRA operations and all retail facilities.
• Assumptions for Figure 7-1 provide baseline for this Figure.
• The cap-and-trade program enacted to meet goals set forth by AB-32 results
in significant carbon prices (Figure 5-5).
• Assume an increase in California electricity prices of $0.015/kWh at $60/tonne
− Analysis by the EIA of the Climate Stewardship Act of 2003 stated that
$60/tonne carbon prices will result in an average increase in electricity
prices of $0.03/kWh (EIA, 2003).
− More than 50% of U.S. electricity derived from coal
− Approximately 50% of California’s electricity derived from natural gas, and
to a lesser extent, coal (Appendix A)
− CO2e emissions related to burning coal to generate electricity is twice that
of natural gas. Therefore, fewer emission allowances are needed for
natural gas plants.
• Metropolitan’s purchased electricity comes from both in-state and out-ofstate sources.
• The added cost of carbon allowances is incorporated into the price of
purchased retail and in-state wholesale electricity.
• It is assumed that Metropolitan will need to purchase allowances to account
for the carbon associated with its imported electricity.
• Assume that 70% of purchased electricity is imported
− Metropolitan imports a significant quantity of its purchased wholesale
electricity from out of state
• The exact sources and fuels of imported electricity are not known
• Carbon intensity of imported electricity is assumed to be 1,000 pounds
CO2e/MWh; based on CAISO estimates (CAISO, 2007).
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• Carbon prices per tonne from Figure 5-4 are assumed to apply to imported
electricity.

4. Figure 7-4 Hypothetical Retail Electricity Cost Projection in
the Regulatory-Driven Scenario 3
• See assumptions for Figure 7-3 related to retail facilities.

5. Figure 7-5 Worst-Case Annual Hoover Hydropower
Generation
•
•

•

Appendix A
Historic and Future
Energy Pricing and
Drivers Analysis
Appendix B
Discussion of
Regulations
Appendix C
Board Letters
Appendix D
Discussion of Climate
Change
Appendix E
Power Generation
Technologies
Appendix F
Power and Water
Nexus
Appendix G

Figure from preliminary model runs conducted by Metropolitan’s Water
Resources Group.
1955 model hydrology run assumes that future hydrology begins in 2010 and
follows the hydrologic sequence of wet vs. dry years as historically calculated
along the Colorado River beginning in 1955 (i.e., that flow in 1955 occurs in
2010, that flow in 1956 occurs in 2011, and so on).
Average hydrology curve represents the aggregate average result in a given
future year of all model runs assuming a sequentially-increasing starting
point between 1906 and 2008 (e.g., the 1955 hydrology curve represent the
result of modeling present and future Colorado River flow as if today were
1955; similar runs were produced for all years between 1906 and 2008, and
then aggregated to produce the average curve shown).

6. Figure 7-6 Hypothetical Electricity Costs with Climate
Change – 1955 Hydrology
Cost projection applies to CRA operations and all retail facilities.
Assumptions for Figure 7-3 provide baseline for this Figure.
Climate change is predicted to occur.
Assumed that climate change will reduce Colorado River flows by 20%.
A 20% reduction in flow is projected to impact Hoover power production, but
not Metropolitan’s water availability; based on the modeling results
conducted by Metropolitan’s Water Resources Group.
• From 2010-2017, Metropolitan receives 28.5% of total Hoover power
availability; based on the current contract.
• From 2018-2040, Metropolitan receives 95% of what it would have received
under the current contract; based on publication in the Federal Register
regarding Post-2017 allocation of Hoover power (Federal Register, 2009).
• On-peak and off-peak wholesale prices are those detailed in Figure 5-4, plus
carbon prices as detailed in Figure 7-3.

•
•
•
•
•

Assumptions

Assuming 1955 Hydrology:
• Total Hoover power availability based on results of run 49, 1955 Hydrology.
• Availability of Hoover power declines due to climate change-induced drop in
reservoir levels and starting in 2018, Metropolitan needs to purchase on-peak
wholesale power.
• When Metropolitan needs to purchase on-peak wholesale power, it is
assumed that 56% of the purchased wholesale power is on-peak and 44% is
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• off peak; based on the breakdown of off-peak and on-peak power purchases
shown in Figure 4-5.
• Total on-peak needs are assumed to be 56% of total load; based on the
breakdown of off-peak and on-peak power in Figure 4-5.
For the dotted line representing average of runs:
• Total Hoover power availability based on the average of all preliminary
modeling results conducted by Metropolitan’s Water Resources Group
assuming a 20% reduction in runoff.
• Hoover and Parker are assumed to provide 90% of their power on-peak
− From Metropolitan Staff recommendation
− From the fact that Hoover and Parker produce mostly on-peak power
(power generating capabilities decline, the percentage of total power
produced on-peak will increase) and Parker has a low off-peak
requirement.
• If 90% of Hoover and Parker power is not enough to meet on-peak load, it is
assumed that Metropolitan purchases market on-peak power
• All other purchased power is assumed to be off-peak.

D. Appendix A

1. Figure A-4 California and U.S. Historical Industrial Natural
Gas Prices
• Yearly average U.S. industrial natural gas prices from EIA’s Natural Gas
Summary (EIA, 2009f).
• Yearly average California industrial natural gas prices from 1967-1996 from
EIA’s Historical Natural Gas Annual 1930 Through 2000 (EIA, 2001).
• Yearly average California industrial natural gas prices from 1997-2008 from
EIA’s Natural Gas Summary (EIA, 2009f).

2. Figure A-5 Percent Difference in Year-to-Year California and
U.S. Industrial Natural Gas Prices
• Prices based in assumptions for Figure A-4.
• For both U.S. and California, the percent change from one year to the next
was determined (i.e., percent change from 2001-2002, with 2001 as the base).

3. Figure A-6 California vs. U.S. Industrial Natural Gas Price
Trends
• Prices based in assumptions for Figure A-4.
• In Figure A-6a, third-order polynomial best fit regressions based on the
highest R2 values obtained in MX Excel (California and U.S. data only).
• In Figure A-6a, linear best fit regression based on the highest R2 value
obtained in MS Excel (Difference between California and U.S. data only)
• In Figure A-6b, data points represent 3-year moving averages (i.e., average
price from 1967-1969, 1970-1972, etc.).
• In Figure A-6b, third-order polynomial best fit regressions based on the
highest R2 values obtained in MX Excel (California and U.S. data only).
2
• In Figure A-6b, linear best fit regression based on the highest R value
obtained in MS Excel (Difference between California and U.S. data only)
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• In Figure A-6c, data points represent 5-year moving averages (i.e., average
price from 1967-1971, 1972-1976, etc.).
• In Figure A-6c, third-order polynomial best fit regressions based on the
2
highest R values obtained in MX Excel (California and U.S. data only).
• In Figure A-6c, linear best fit regression based on the highest R2 value
obtained in MS Excel (Difference between California and U.S. data only)
• Moving averages were analyzed to evaluate and minimize short-term volatility
in the regression.

4. Figure A-7 California Historical Retail Electricity Price
• 1970-2007 California industrial-class retail electricity prices from EIA’s
California State Energy Data System (EIA, 2009j).
• 2008 California industrial-class retail electricity prices from EIA’s Monthly
Electric Sales and Revenue report with State Distributions Report (EIA, 2009k).

5. Figure A-8 California Historical Retail Electricity and
Industrial Natural Gas Prices
• California industrial-class retail electricity prices based on assumptions for
Figure A-7.
• California industrial natural gas prices based on assumptions for Figure A-4.
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6. Figure A-9 California vs. U.S. Retail Electricity Price Trends
• Prices based in assumptions for Figure A-7 and 5-2.
• In Figure A-6a, third-order polynomial best fit regressions based on the
highest R2 values obtained in MX Excel (California and U.S. data only).
• In Figure A-6a, linear best fit regression based on the highest R2 value
obtained in MS Excel (Difference between California and U.S. data only)
• In Figure A-6b, data points represent 3-year moving averages (i.e., average
price from 1967-1969, 1970-1972, etc.).
• In Figure A-6b, third-order polynomial best fit regressions based on the
highest R2 values obtained in MX Excel (California and U.S. data only).
• In Figure A-6b, linear best fit regression based on the highest R2 value
obtained in MS Excel (Difference between California and U.S. data only)
• In Figure A-6c, data points represent 5-year moving averages (i.e., average
price from 1967-1971, 1972-1976, etc.).
• In Figure A-6c, third-order polynomial best fit regressions based on the
highest R2 values obtained in MX Excel (California and U.S. data only).
• In Figure A-6c, linear best fit regression based on the highest R2 value
obtained in MS Excel (Difference between California and U.S. data only)
• Moving averages were analyzed to evaluate and minimize short-term volatility
in the regression.

7. Figure A-10 U.S. Historical and Projected Bituminous Coal
Price
• Prices based on assumptions for bituminous coal as in Figure 5-1.
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8. Figure A-11 U.S. Historical and Projected Industrial Natural
Gas Price
• Prices based on assumptions for natural gas as in Figure 5-1.

9. Figure A-12 U.S. Historical and Projected Price of Retail
Electricity
• Prices based on U.S. retail electricity assumptions as in Figure 5-2

10. Figure A-13 California and U.S. Historical and Projected
Price of Retail Electricity
• Prices based on U.S. retail electricity assumptions as in Figure 5-3.

11. Figure A-14 California Projected Average Market Price of
Wholesale Electricity
• Prices based on assumptions as in Figure 5-4.

E. Appendix D

1. Figure D-8 Probability of Annual Energy Generation Falling
Below 1.0 GWh at Hoover Dam
• Figure based on assumptions as in Figure 5-9.

2. Figure D-9 Average Annual Energy Generation from Hoover
Dam
• Figure based on assumptions as in Figure 5-10.

3. Figure D-10 Probability of Dropping Below Minimum Power
Pool in Each Year Modeled
• Figure based on assumptions as in Figure 5-11.

F. Appendix E

1. Figure E-5 California-Specific Levelized Cost of Power for
Various Generation Types
• Energy Efficiency data
− From on Lazard’s Levelized Cost Analysis report (Lazard, 2008)
• Hydro – In Conduit data
− From CEC’s 2007 report on Comparative Costs of California Central Station
Electricity Generation Technologies (Klein and Rednam, 2007)
• Conventional Combined Cycle (CC) data
− From Lazard’s Levelized Cost Analysis report (Lazard, 2008)
• Conventional CC – Duct Fired data
− From Lazard’s Levelized Cost Analysis report (Lazard, 2008)
• Biomass WWTP
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− From CEC’s 2007 report on Comparative Costs of California Central Station
Electricity Generation Technologies (Klein and Rednam, 2007).
Biomass – AD Food data
− From CEC’s 2007 report on Comparative Costs of California Central Station
Electricity Generation Technologies (Klein and Rednam, 2007).
Geothermal –Dual Flash data
− The values with incentives based on Lazard’s Levelized Cost Analysis report
(Lazard, 2008);
− The high value without incentives based on Lazard’s Levelized Cost
Analysis report (Lazard, 2008)
− Low value without incentives based on CEC’s 2007 report on Comparative
Costs of California Central Station Electricity Generation Technologies
(Klein and Rednam, 2007)
Hydro – Small Scale data
− From CEC’s 2007 report on Comparative Costs of California Central Station
Electricity Generation Technologies (Klein and Rednam, 2007).
Biomass – AD Dairy data
− From CEC’s 2007 report on Comparative Costs of California Central Station
Electricity Generation Technologies (Klein and Rednam, 2007).
Wind – Class 5 data
− Both with and without incentives from Lazard’s Levelized Cost Analysis
report (Lazard, 2008).
Fuel Cell – Molten Carbonate data
− From Lazard’s Levelized Cost Analysis report (Lazard, 2008).
Advanced Nuclear data
− The lowest values is from CEC’s 2007 report on Comparative Costs of
California Central Station Electricity Generation Technologies (Klein and
Rednam, 2007)
− Lazard’s Levelized Cost Analysis report (Lazard, 2008) gave a high value of
$126/MWh.
− The high value was doubled due to data from (Schlissel and Biewald, 2008)
that listed the overnight cost for advanced nuclear at approximately
$8,000, while both the CEC and Lazard reports assumed overnight costs of
approximately $2,800
Solar – PV (Thin Film) data
− Both with and without incentives from Lazard’s Levelized Cost Analysis
report (Lazard, 2008).
Solar – Parabolic Trough data
− Both with and without incentives from the ‘solar thermal’ category of
Lazard’s Levelized Cost Analysis report (Lazard, 2008).
Solar – PV (Single Axis – Crystalline) data
− Both with and without incentives from on Lazard’s Levelized Cost Analysis
report (Lazard, 2008)
Geothermal Enhanced data
− From the National Renewable Energy Laboratory’s Updated U.S.
Geothermal Supply Characterization (Petty and Porro, 2007).

