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Easing the Natural Gas Crisis

Executive Summary

Heightened natural gas prices have emerged as a key energy-policy challenge for at least the
early part of the 21* century. With the recent run-up in gas prices and the expected continuation
of volatile and high prices in the near future, a growing number of voices are calling for
increased diversification of energy supplies. Proponents of renewable energy and energy
efficiency identify these clean energy sources as an important part of the solution.

Increased deployment of renewable energy (RE) and energy efficiency (EE) can hedge natural
gas price risk in more than one way, but this paper touches on just one potential benefit:
displacement of gas-fired electricity generation, which reduces natural gas demand and thus puts
downward pressure on gas prices. Many recent modeling studies of increased RE and EE
deployment have demonstrated that this “secondary” effect of lowering natural gas prices could
be significant; as a result, this effect is increasingly cited as justification for policies promoting
RE and EE.

This paper summarizes recent studies that have evaluated the gas-price-reduction effect of RE
and EE deployment, analyzes the results of these studies in light of economic theory and other
research, reviews the reasonableness of the effect as portrayed in modeling studies, and develops
a simple tool that can be used to evaluate the impact of RE and EE on gas prices without relying
on a complex national energy model. Key findings are summarized below.

Review of Economic Theory on a Shifting Natural Gas Demand Curve

e Economic theory predicts that increased RE and/or EE deployment can reduce natural
gas prices. Economic theory predicts that increased RE and EE will lead to an inward shift in
the natural gas demand curve, leading to a reduction in natural gas prices. These reductions
in gas prices benefit consumers by reducing fuel costs faced by electricity generators and by
reducing the price of natural gas delivered for direct use in the residential, commercial,
industrial, and transportation sectors. The magnitude of the price reduction will vary based
on a number of factors, including the degree of natural gas displacement with increased RE
and EE deployment, and the shape of the natural gas supply curve (measured by the inverse
price elasticity of natural gas supply). The reduction is likely to be more significant in the
near term than in the longer term.

e The contribution of RE and EE to lowering gas prices may in part be a gain to natural
gas consumers that comes at the expense of gas producers. According to standard
economic theory, lower natural gas prices that result from an inward shift in the demand
curve may not lead to a gain in net economic welfare but rather represent a shift of resources
from natural gas producers to natural gas consumers. Wealth transfers of this type are not a
primary justification for policy intervention on economic grounds. Nonetheless, if
policymakers are concerned about the impact of gas prices on consumers or are concerned
about the macroeconomic impacts of higher gas prices,' then policies to reduce gas demand

! For example, partly in response to recent high natural gas prices, fertilizer manufacturing has shifted overseas,
while fertilizer prices have increased. At the same time, recognition of domestic supply constraints is leading to a
realization that foreign liquefied natural gas (LNG) will become a large part of the U.S. gas supply picture.
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might be considered appropriate; at a minimum, policymakers might view reduced gas prices
as a positive secondary effect of increased RE and EE deployment.

Review of Previous Renewable Energy and Energy Efficiency Studies

e Previous modeling studies consistently find that increased levels of RE and EE will put
downward pressure on natural gas prices. We review five studies by the Energy
Information Administration (EIA), six by the Union of Concerned Scientists (UCS), one by
the Tellus Institute, and one by the American Council for an Energy-Efficient Economy
(ACEEE). Several of these studies conduct multiple analyses, and all except the ACEEE
study use the EIA’s National Energy Modeling System (NEMS). The ACEEE study uses a
model developed by Energy and Environmental Analysis, Inc., and — unlike the other studies
reviewed here — focuses on the ability of RE and EE investments to reduce gas prices in the
short term.” Most of the studies that we review evaluate national renewable portfolio
standard (RPS) proposals, though some evaluate state RPS policies and others also include
EE. These studies consistently find that RE and EE deployment will reduce natural gas
demand, thereby putting downward pressure on gas prices (see Figure ES-1).
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Figure ES-1. Forecasted Natural Gas Wellhead Price Reduction in 2020

e Variations in the magnitude of the gas price reductions among studies are significant.
Even when we control for the fact that the studies evaluate different levels of RE and EE
penetration, we observe that the studies find different levels of gas displacement resulting
from increased RE and EE deployment. This difference is influenced by the relative assumed
cost of coal and gas — i.e., the higher gas-price forecasts of recent years suggest that coal may
out-compete gas for new generation additions, and therefore RE and EE may increasingly
displace coal (rather than gas). We also observe that the studies implicitly assume different

2 Though most of the results presented in this paper derive from a single energy model (NEMS), we benchmark
these results against other commonly used energy models and against an historical literature that reviews the supply
elasticity of energy commodities. These comparisons allow greater confidence in our results.
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shapes for the natural gas supply curve (and therefore different implicit inverse price
elasticities of supply); these variations in results are not always within reasonable bounds.

e Despite the above variations, studies generally show that each 1% reduction in national
gas demand is likely to lead to a long-term (effectively permanent) average reduction in
wellhead gas prices of 0.8% to 2%. Although there are some outliers, 13 of 19 analyses are
consistent with this finding. Some studies predict even larger impacts, especially in the near
term. Reductions in wellhead prices will reduce wholesale and retail electricity rates and will
also reduce residential, commercial, and industrial gas bills.

e Natural gas bill savings for consumers are predicted to be sizable. For studies that
evaluate national RPS proposals (typically 10% or 20% RE), the net present value (NPV) of
national, natural gas bill savings from 2003-2020 reaches as high as $74 billion; nine of
fifteen analyses are within the range of $10 to $40 billion.

e The consumer gas bill savings associated with increased RE and EE, expressed in terms
of $ per MWh of renewable energy, are generally estimated at between $7.50/MWh and
$20/MWh. Considering the predicted reduction in consumer gas bills as well as an assumed
one-for-one pass-through to consumers of reductions in electricity-sector gas costs, Figure
ES-2 shows, by study, the range of consumer benefits delivered from increased RE
generation, expressed in terms of $ per MWh of renewable energy. Results suggest that each
megawatt hour (MWh) of incremental RE and EE provides, on average, national consumer
benefits in the form of gas savings that range from $6/MWh to $35/MWh, with a general
trend toward savings between $7.50 and $20/MWh.
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Figure ES-2. Consumer Gas-Savings Benefits of Increased RE Production (in $/MWh)

e Regional gas price impacts of regionally targeted RE and EE may be more sizable than
the national impacts of these regionally targeted investments, but the regional consumer
savings on an aggregate dollar (or on a dollar per MWh of renewable energy) basis are
more modest. Findings from our own NEMS-based analysis, as well as a review of other

X
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studies, suggest that the gas-price impacts of regionally focused RE and EE investments are
likely to be magnified (relative to the national gas-price impacts) in the region where those
investments take place, due to an assumed near-term alleviation of gas transportation
constraints. That said, the regional aggregate gas bill savings from regionally targeted RE
and EE investments are likely to be far more modest than the national impacts of those
investments. The relatively modest savings are because the regional gas-price reduction
applies to a much lower (i.e., regional instead of national) volume of gas consumption, so the
aggregate dollar savings are smaller.

e Findings from the studies that we surveyed are somewhat consistent with those of other
national energy models and with empirical elasticity estimates from the economics
literature; nonetheless, more research is warranted. The results of the studies reviewed in
this paper, most of which rely on NEMS, appear largely consistent with those of other related
work. Nonetheless, many uncertainties remain, and we strongly recommend increased
research to more completely validate these findings. In the meantime, when estimating the
impact of RE and EE on natural gas prices, it is preferable to consider a range of assumptions
that describe the boundaries of the possible effects rather than relying on the results of any
single modeling run.

Developing and Using a Simplified Analysis Tool to Evaluate RE and EE Impacts

e Based on our findings, we have Text Box ES-1:
developed a simple, transparent Scenarios Evaluated with Simplified Analysis Tool
analysis tool for evaluating the
potential impact of RE and EE o Existing State RPS Policies: the expected impact of the

existing 18 state RPS policies

e The California RPS: the expected impact of the
California RPS (20% RE by 2010)

o New England RPS Policies: the expected impact of

investments on natural gas prices
and bill savings. Many organizations
that evaluate RE and EE investments

al’ld pOllCleS dO not haVe the Capablllty three existing New England RPS po]icies

to run complex, integrated energy e The Newly Established New York RPS: the expected
models, so these organizations rely on impact of the New York RPS (25% RE by 2013)
simple, transparent tools that cannot o State Fund Support for RE Projects: the potential

impact of state fund support for large-scale RE projects

account for secondary natural gas already on line (707 MW) or that have been obligated

effects. National energy models also funds (1,550 MW)

generally cannot flexibly account for ¢ Projections from the American Wind Energy
uncertainties in the level of impact Association (AWEA) of the Near-Term Growth of
expected from increased RE and EE Wind Capacity: 15,000 MW of wind installed by 2009,

with AWEA-derived gas displacement assumptions

investments. This paper describes an ’ . S
e Aggressive Solar Energy Industries Association

Excel-based analysis tool that (SEIA) Goal of 36 gigawatts (GW) of solar by 2020:
overcomes these challenges. We use based on SEIA’s 2004 roadmap

the tool to evaluate a range of RE and e California Natural Gas Efficiency Goals: savings goals
EE scenarios, including those listed in from the California Public Utilities Commission,

Text Box ES-1. 44,400,000 MMBtu by 2013

e Two Possible National Residential Furnace and Boiler

. ) . Efficiency Standards: annual savings by 2035 equal

e In developing and using this 108,300,000 MMBtu and 376,100,000 MMBtu in the
simplified analysis tool, we rely on two scenarios
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basic assumptions that are intended to be consistent with those from recent national
energy models. These assumptions include: 1) a 40% natural gas displacement ratio (each
MWh of renewable energy is assumed to displace 0.4 MWh of natural gas generation); 2)
heat rates for displaced gas-fired generation that drop from 9,000 British thermal units per
kilowatt hour (Btu/kWh) to 7,500 Btu/kWh over time; 3) base-case gas consumption and
wellhead prices from EIA’s Annual Energy Outlook (AEO) 2004; 4) a one-for-one wellhead-
to-delivered gas price reduction; 5) inverse price elasticities of gas supply of 0.8, 1.2, and
2.0, consistent with the central range from the studies reviewed in this paper (meaning that
each 1% reduction in national gas demand results in a 0.8% to 2% reduction in wellhead gas
prices); and, 6) where regional analysis is performed, and to reflect regional gas
transportation constraints, a regional delivered gas price multiplier of three in the first year,
dropping linearly over time to one by year 20. See Section 8 for a more detailed explanation
of these and other scenario-specific assumptions. The range of results provided for each
scenario simply reflects differences in the assumed inverse price elasticity of gas supply. The
plausible range of impacts is greater than this, given uncertainties in gas displacement and
other factors.

The NPV of national consumer gas savings from the EE and RE scenarios that we
evaluate can be significant (Figure ES-3). On a national basis, the NPV of consumer gas
savings (through 2025 for all scenarios except the furnace standards, which are through 2035;
7% real discount rate) ranges from a low of $0.6 billion to a high of $23 billion. Scenarios
that involve the largest amount of RE and EE deployment, combined with high levels of gas
displacement, are those with the largest impacts. For those scenarios that involve regionally
targeted RE and EE investment, Figure ES-4 shows that the regional gas bill impacts are far
more modest than the national impacts of those same investments. Regionally targeted RE
and EE investments have a differentially large impact on regional (versus national) gas
prices, but the resulting total regional gas bill savings are smaller than the total national
savings because the regional gas price savings apply to the more limited regional (versus
national) gas consumption.
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e The consumer gas savings associated with RE and EE, expressed in terms of $ per
MWh of RE, or $ per million-BTU (MMBtu) of gas savings, may also be substantial.
Applying the aggregate annual gas bill savings to the incremental amount of RE and/or EE in
each scenario, we can estimate the average consumer benefits of increased RE or electricity
EE (in $/MWh) or gas EE (in $/MMBtu). Figure ES-5 shows the results, on both a national
and a state/regional basis. At a national level, we find that increased RE (wherever located)
can benefit consumers to the tune of approximately $10 to $65 per MWh (in the case of
increased RE scenarios), or $3 to $9 per MMBtu (in the case of the three gas efficiency
scenarios). These results, like those mentioned previously, suggest that the national consumer
gas-price benefits from RE and EE may well be substantial. On a regional basis, the benefits
are more modest, with a high of ~§5/MWh (for the regional RE scenarios), or $1/MMBtu
(for the California gas efficiency scenario). Again, this reflects the fact that although the
regional gas price will tend to fall more than the national price, this regional gas-price
reduction applies to a much lower (i.e., regional instead of national) volume of gas
consumption. We conclude that if the effect of RE and EE on consumer gas savings is to play
a role in policy debates, it is more likely to play that role in national, rather than state or
regional, discussions.
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1. Introduction

Renewable energy (RE) and energy efficiency (EE) have historically been supported because of
their perceived economic, environmental, economic-development, and national-security benefits.
Recently, extreme price volatility in wholesale electricity and natural gas markets has led to
discussions about the potential risk mitigation value of these clean energy resources. Deepening
concerns about the ability of conventional North American gas production to keep up with
demand have also resulted in a growing number of voices calling for resource diversification
(see, e.g., Bernstein, Holtberg, & Ortiz 2002; Henning, Sloan & de Leon 2003; NARUC 2003;
NPC 2003a).

RE and EE are a direct hedge against volatile and escalating gas prices because they reduce the
need to purchase variable-price natural gas-fired electricity generation, replacing that generation
with fixed-price RE or EE resources (see, e.g., Bolinger, Wiser, & Golove 2003; Awerbuch
2003). In addition to this direct contribution to price stability, by displacing marginal gas-fired
generation, RE and EE can reduce demand for natural gas and thus indirectly place downward
pressure on gas prices.’

Many recent modeling studies of increased RE and EE deployment have demonstrated that this
“secondary” effect of putting downward pressure on natural gas prices could be significant, with
the consumer benefits from reduced gas prices in many cases more than offsetting any increase
in electricity costs caused by RE and/or EE deployment. As a result, this price effect is
increasingly cited as justification for policies promoting RE and EE. Yet, to date, little work has
focused on reviewing the reasonableness of this effect as it is portrayed in various studies, nor
have studies attempted to benchmark that output against economic theory. This paper is a first
attempt to address these two issues.

The remainder of the paper is organized as follows:

e Section 2 reviews economic theory to explain the principles underlying the price-
suppression effect. We describe short- and long-term price dynamics in the natural gas
market, introduce the inverse price elasticity of gas supply, and discuss the nature of the
benefit derived from a reduction in natural gas demand and prices.

e Section 3 examines many of the modeling studies conducted during the past five years that
have measured the price-reduction effect, illustrating the potential impacts of RE and EE
deployment on natural gas demand and wellhead prices and on consumer electricity and gas
bills. We also calculate the effective $/MWh value of increased RE and EE investments that
is a result of the impact of those investments on gas prices.

e Section 4 calculates the long-term inverse price elasticity of natural gas supply implied by
the modeling output of each study that we review. This allows us to compare and assess the
consistency of the national natural gas price response described in the studies.

e Section 5 reviews the few studies that have assessed differential regional impacts of RE and
EE deployment. Most of the studies summarized in this paper focus on national-level
impacts, but differential regional impacts might be expected because of pipeline

3 End-use natural gas efficiency measures as well as improvements in natural gas conversion efficiency would also
directly reduce gas demand.
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transportation constraints. Because there are so few regional studies, we also conduct our
own analysis of regional impacts using the National Energy Modeling System (NEMS).

e Section 6 compares the range of inverse price elasticities from Section 4 with results from
other analyses using NEMS (to test for intra-model consistency) and with other energy
models altogether (to test for inter-model consistency). This analysis allows us to begin to
assess the reasonableness of the national-level impacts described in Section 4.

e Section 7 compares the inverse price elasticities from Section 4 with the limited empirical
economics literature that estimates the historical elasticities for natural gas and other energy
commodities (to test for model consistency with the real world). This allows us to further
assess the reasonableness of the impacts of RE and EE predicted by the modeling studies we
reviewed.

e Section 8 describes a simple, transparent, flexible method for evaluating the potential impact
of RE and EE investments on natural gas prices and bill savings. We developed this model
to offer an alternative to resource-intensive, non-transparent integrated national energy
models. Our method requires only a simple Excel spreadsheet. We apply our simplified
method to estimate the potential beneficial impact on gas prices and bills of a number of RE
and EE deployment programs.

e Section 9 summarizes our key ﬁndings.4

* Although this paper emphasizes the impact of RE and EE on natural gas prices, similar effects would result from
increased utilization of other non-gas energy sources (e.g., coal or nuclear power).
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2. Natural Gas Supply and Demand: A Review of Economic Theory

The subsections below review the economic concepts of supply and demand curves as they relate
to natural gas, introduce the inverse price elasticity of natural gas supply, and discuss the nature
of the benefit derived from a reduction in natural gas demand and prices.

2.1 Supply and Demand Curves

It is not clear whether today’s inflated natural gas prices represent merely a short-term imbalance
between supply and demand or a longer-term effect that reflects the true marginal cost of
production (see, e.g., EMF 2003; Henning, Sloan & de Leon 2003; Holtberg 2002; NPC 2003a).”
In either case, economic theory predicts that a reduction in natural gas demand, whether caused
by enhanced electricity or natural gas efficiency or by increased deployment of RE, will
generally lead to a reduction in the price of natural gas relative to the price that would have been
expected under higher-demand conditions.’

As shown in Figure 1, this

> ) Price
price reduction (Po — Py) Original Demand Supply
results from an inward
shift in the aggregate Shifted Demand /
demand curve for natural — p | N

gas (Qo — Q)).” Because
gas consumers are “price |
takers” in a market in Py /
which price is determined \
by national supply and
demand conditions (with
some regional
differentiation), the price
reduction benefits QA Qo

consumers by reducing gas
prices for electricity
generators (assumed to be passed through in the form of lower electricity prices), and by
reducing the prices of gas delivered for direct use in the residential, commercial, industrial, and
transportation sectors.

Quantity

Figure 1. The Effects of a Shift in Demand for Natural Gas

The magnitude of the price reduction will depend on the amount of demand reduction: greater
displacement of demand for gas will lead to greater drops in the price of the commodity.® As

> This uncertainty is reflected in the large range of prices in recent forecasts (see, e.g., EMF 2003).

%It is worthy of note that natural gas prices may fall over time even with increasing demand if technological
progress allows gas to be extracted at lower prices despite the need to extract resources from increasingly less
attractive resource areas. Our argument here is simply that a reduction in natural gas demand is expected, all else
being equal, to result in lower natural gas prices than would be seen under a higher-demand scenario.

7 Aggregate demand for gas includes electricity-sector demand as well as direct residential-, commercial-,
industrial-, and transportation-sector demands.

¥ We would not generally expect any particular threshold of demand reduction to be required to lower the price of
gas (unless the supply curve was flat over some of its range). Instead, greater quantities of gas savings should simply
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long as gas prices remain within reasonable bounds, RE and EE are expected to displace a large
amount of gas generation; the higher gas-price forecasts of recent years, however, suggest that
coal may out-compete gas for new generation additions, and therefore RE and EE may
increasingly displace coal (rather than gas), muting the impact on gas prices.

Equally important, the shape of the natural gas supply curve — i.e., the relationship between the
level of natural gas production and the price of supply — will also have a sizable impact on the
magnitude of the price reduction.’ The shape of the supply curve for natural gas will, in turn,
depend on whether one considers short-term or long-term effects. Economists generally assume
upward, steeply sloping supply curves in the short term when supply constraints exist in the form
of fixed inputs like labor, machinery, and well capacity. In this instance, gas producers are
unable or unlikely to quickly and dramatically increase (or decrease) supply in response to higher
(or lower) gas prices (Henning, Sloan & de Leon 2003). In the long term, the supply curve will
presumably flatten because supply will have time to adjust to higher (or lower) demand
expectations, for example, in the form of increased (or decreased) exploration and drilling
expenditures (Dahl & Duggan 1998).

Because natural gas is a non-renewable commodity, the long-term supply curve must eventually
slope upward as the least-expensive resources are exhausted. If the pace of technological
innovation in exploration and extraction is rapid, however, the transition to more expensive
reserves may be delayed, and the long-term supply curve may remain relatively flat. The shape
of the long-term supply curve is an empirical question and is subject to great uncertainty and
debate. Nonetheless, economists generally agree that, although both the short- and long-term
supply curves slope upward, the long-term supply curve will generally be flatter than the short-
term supply curve. This implies that the impact of increased RE and EE deployment on natural
gas prices will be greater in the short term than in the long term.'® We return to these issues later
when we review modeling output.

In this paper, we primarily emphasize the long-term impacts of RE and EE investments and thus
focus most of our attention on the shape of the long-term supply curve. We take this approach for
two key reasons. First, RE and EE investments are typically long term in nature, so their most
enduring effects are likely to occur over the long term. Second, the model results presented in
this paper often do not clearly distinguish between short-term and long-term effects, and most
models appear better suited to long-term analysis.'"

Much of this paper focuses on the national impacts of increased RE and EE deployment.
However, the shape of the supply curve for delivered natural gas may vary by region because of

result in higher levels of price reduction. The impact on prices, however, need not be linear over the full range of
demand reductions; it will, instead, depend on the exact — as yet unknown — shape of the supply curve in the region
in which it intersects the demand curve.

’ We assume that the short-term supply curve (which is dependent on technology and the labor market) does not
shift in response to a demand shock.

' Note that the long-term demand curve is also expected to be flatter than the short-term demand curve (EMF
2003). This too will moderate the long-term impacts of RE and EE investments on natural gas prices.

"' In the case of NEMS, for example, reductions in gas demand do not appear to have a differentially large national
impact on natural gas prices in the short term; instead, short-term and long-term effects are similar in national RPS
runs.
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regional variations in supply sources and transportation infrastructure. In particular, where
transportation infrastructure is constrained, the short-term supply curve is expected to slope
steeply upwards. Because we focus primarily on the impacts of RE and EE on national gas
prices, these regional details are effectively summed into the national effects reported in this
paper. In Section 5, however, we describe the limited results available on the regional impacts of
regionally targeted RE and EE investments, and we incorporate a regional-impacts capability
into the simplified analysis tool described in Section 8.

2.2 Measuring the Inverse Price Elasticity of Supply

It is convenient to use elasticity measures to estimate the degree to which shifts in natural gas
demand affect the price of natural gas. The price elasticity of natural gas supply is a measure of
the responsiveness of natural gas supply to the price of the commodity at a specific point on the
supply curve. Price elasticity is calculated by dividing the percentage change in quantity
supplied by the percentage change in price:

E = (%AQ)/(% AP),
where Q and P denote quantity and price, respectively.

In the case of induced shifts in demand for natural gas, however, we are interested in
understanding the change in price that will result from a given change in quantity, or the inverse
price elasticity of supply (‘“inverse elasticity”):

E"' = (%AP)/(% AQ)

Given greater supply responsiveness over the long term than in the short term, the long-term
supply curve should exhibit lower inverse price elasticities of supply than will the short-term
supply curve.

2.3 Social Benefits, Consumer Benefits, and Wealth Transfers

We have made the case that increased deployment of RE and EE can and should lower the price
of natural gas relative to a business-as-usual trajectory. The magnitude of the expected price
reduction is an empirical question that we address in later sections of this paper. Before
proceeding, however, it is important to address the nature of the “benefit” obtained from the
price reduction, because mischaracterizations of this benefit are common and may lead to
unrealistic expectations and policy prescriptions.

In particular, according to economic theory, lower natural gas prices that result from an inward
shift in the demand curve do not necessarily lead to a net gain in economic welfare, but rather to
a shift of resources (i.e., a transfer payment) from natural gas producers to natural gas
consumers. As natural gas producers see their profit margins decline (a loss of producer surplus),
natural gas consumers benefit through lower gas bills (a gain of consumer surplus). Assuming a
perfectly competitive and well-functioning aggregate economy, the net effect on aggregate social
welfare (producer plus consumer surplus) is zero. Wealth transfers of this type are not a standard,
primary justification for policy intervention on economic grounds.
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This effect is shown graphically
in Figures 2 and 3. Figure 2 shows
consumer and producer surplus
before the demand shift, and
Figure 3 shows the impact of the

demand shift on consumer and Consumer
Surplus

Price

Supply

producer surplus. After the shift,
the market price and quantity of
natural gas fall to P and Q;,
respectively, and consumer
surplus changes to include the
cross-hatched area in Figure 3 that
was previously producer surplus. Qo Quantity
This cross-hatched area represents
the price-reduction benefit that
consumers gain, and the
redistribution of wealth from
producers to consumers.

Demand

Figure 2. Consumer and Producer Surplus

Price

\ Transfer from producers

R, d . . till b £ to consumers after
cducing gas prices may st €O Consumer Surplus demand shift

importance in policy circles, after shift Supply
however, where it may be viewed

as a positive ancillary effect of RE
and/or EE deployment. Energy L S A CR— ,
programs are frequently assessed Rnnan.

using consumer impacts as a key
metric. Furthermore, the wealth S
redistribution effect may, in fact, [ Producer Surplus | | . '
result in a social welfare gain if after shift : Shifted Demand
economy-wide macroeconomic Q Q

adjustment costs are expected to

be severe in the case of natural gas  Figure 3. The Effect of a Demand Shift

price spikes and escalation. Such

adjustment costs have been found to be significant in the case of oil price shocks and one might
expect to discover a similar effect for natural gas, though research has not yet targeted this
issue.'” Additionally, if consumers are located within the U.S. and producers are located outside
of the U.S., the wealth redistribution would increase aggregate U.S. welfare, an increasingly
likely situation as the country becomes more reliant on imports of natural gas [especially
liquefied natural gas (LNG)]." Similarly, for state or regional analysis, if gas producers are

Py

- Original Demand

12 Although the literature on the macroeconomic impacts of oil-price escalation is broad, we are aware of no
research that has explored the impact of natural gas price escalation. Extrapolating from studies that have looked at
oil-price shocks, Brown (2003) estimates that a sustained doubling of natural gas prices might reduce U.S. gross
domestic product (GDP) by 0.6-2.1% below what it otherwise would be.

1 See Parry & Darmstadter (2003) for a recent summary of the literature on the costs of oil dependency, including
macroeconomic adjustment costs and inter-country transfers.
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located out of state, the wealth redistribution would benefit the local region.'* Finally, lower
natural gas prices may help preserve U.S. manufacturing jobs,'® lead to displacement of more-
polluting energy sources, and reduce the cost of environmental regulatory compliance. Given
these considerations, we believe that a case can be made for considering the gas-price effects of
increased RE and EE in policy evaluation, though we leave it to others to further debate this

point.

' Note that these statements about inter-country and inter-regional wealth transfers ignore the fact that the
producers’ stockholders may not be located in the same country or region in which the production takes place.

' For example, partly in response to recent high natural gas prices, fertilizer manufacturing has shifted overseas,
while fertilizer prices have increased (EEA 2004).
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3. A Review of Previous Studies of the Impact of RE/EE on Gas Prices

Previous studies of RE and EE policies have estimated the impact of increased deployment of
these resources on natural gas prices. Many of these studies have exclusively evaluated a
renewables portfolio standard (RPS) — a policy that requires electricity suppliers to source an
increasing percentage of their supply from RE over time; other studies have looked at EE and
environmental policies. In most cases national-level policies have been the focus of attention, but
state- or regional-level policies have also been evaluated. The vast majority of these studies rely
on NEMS, which is revised annually and is developed and operated by the U.S. Department of
Energy (DOE) Energy Information Administration (EIA) to provide long-term energy forecasts.

Although the shape of the short-term natural gas supply curve is a transparent, exogenous input
to NEMS, the model (like other energy models reviewed for this study) does not exogenously
define a simple, transparent, long-term supply curve; instead, a variety of modeling assumptions
and inputs are made that, when combined, implicitly define the long-term supply curve. For this
reason, we must evaluate the long-term gas price effect of RE and EE by measuring the inverse
price elasticity of supply in an implicit fashion — i.e., by reviewing modeling results.

We compiled information on a number of the relevant studies,'® including:

o five studies by the EIA focusing on national RPS policies, two of which model multiple RPS
scenarios;

e six studies of national RPS policies by the Union of Concerned Scientists (UCS), three of
which model multiple RPS scenarios, and one of which also includes aggressive energy
efficiency investments;

e one study by the Tellus Institute that evaluates three different standards of a state-level RPS
in Rhode Island (combined with RPS policies in Massachusetts and Connecticut); and

e an American Council for an Energy-Efficient Economy (ACEEE) study that explores the
impact of national and regional RE and EE deployment on natural gas prices.'” '®

' In addition to those mentioned here, a number of additional studies have evaluated this effect, but we were unable
or did not attempt to obtain the detailed data needed to incorporate them into our analysis for this paper. These
include: 1) Interlaboratory Working Group (2000), which evaluated EE and RE policies using NEMS; 2) a study of
the New York RPS conducted by ICF Consulting (ICF 2003) using the Integrated Planning Model (IPM); 3) a study
by the Center for Clean Air Policy to evaluate a state-level RPS and carbon restrictions in New York, using ICF’s
IPM model (CCAP 2003); 4) an analysis by the California Energy Commission of increased RE and EE
investments, using the NANGAS model (CEC 2003); 5) an assessment of a comprehensive basket of carbon
policies, using NEMS (Energy Innovations 1997); 6) an analysis of a host of policies to reduce carbon in the utility
sector, using NEMS (Bailie et al. 2003a); 7) an assessment of the Climate Stewardship Act, using NEMS (Bailie et
al. 2003b); 8) an analysis of a federal RPS by UCS, using RenewMarket, a simplified model based on a subset of the
NEMS model (UCS 1999); 9) an analysis by Resources for the Future (RFF) of alternative national renewable
energy policies, using the energy model Haiku (Palmer & Burtraw 2004); and 10) an analysis of a Colorado RPS by
UCS, using a modified version of NEMS (UCS 2004c).

' The regional scenarios consist of: one that examines EE and RE in California, Oregon, and Washington; another
focused on EE and RE in the northeast and mid-Atlantic regions; a third that analyzes only RE in New York; a
fourth that analyzes RE in Texas; and a fifth that focuses on RE and EE in Texas.

'® In some instances, the studies included in our analysis actually incorporated multiple sensitivity cases in addition
to different RPS standard levels (e.g., different cost caps or policy sunset provisions). In these instances, we selected
just one of the sensitivity cases to report here.
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The EIA, UCS, and Tellus studies were all conducted using NEMS. However, because NEMS is
revised annually and these studies were conducted during different years, they used different
versions of NEMS. In addition, some of the studies summarized in this paper used modified
versions of NEMS with, for example, different renewable energy and energy efficiency potential
and cost assumptions. The ACEEE study used an energy model from Energy and Environmental
Analysis (EEA) and, unlike the other studies, focused on the shorter term impacts of RE and EE
investment in easing gas prices.'” As such, results from the ACEEE study are not entirely
comparable to those reported for the other studies.

Though most of the results presented in this paper derive from a single energy model (NEMS),
biasing the results somewhat, we benchmark these results against other commonly used energy
models (Section 6) and against an historical literature that reviews the supply elasticity of energy
commodities (Section 7). These comparisons allow greater confidence in our results.

The subsections below focus on the national results from these studies, specifically national gas-
consumption and price impacts, gas-generation displacement, national electricity- and gas-bill
impacts, and the $/MWh value of RE and/or EE investments. The regional results of those
studies that also explore regionally targeted RE and/or EE investments (Tellus and ACEEE) are
presented in Section 5.

3.1 National Gas-Consumption and Price Impacts

Table 1 summarizes some of the key national results of these studies.”” Key findings shown in
Table 1 include:

¢ FElectric Bills: Some of the studies predict that increased RE generation (and EE, if
applicable) will modestly increase retail electricity prices on a national average basis, though
more recent studies have sometimes found small price reductions (due to improved
renewable economics relative to gas-fired generation).

e Gas Consumption: Increased RE and EE also cause a reduction in national natural gas
consumption, ranging from less than 1% to nearly 30% depending on the study.

e Wellhead Gas Prices: Reduced gas consumption suppresses natural gas prices, with price
reductions ranging from virtually no change in the national average wellhead price to a 50%
reduction in that price. As one might expect, the more significant reductions in gas

' EEA’s Gas Market Data and Forecasting System is a full supply-demand equilibrium model of the North
American gas market. The model solves for monthly market-clearing gas prices throughout North America, given
different supply/demand assumptions for each of the model’s nodes. On the supply side, prices are determined by
production and storage price curves, and by “pipeline discount” curves. On the demand side, prices are represented
by a curve that captures fuel switching behavior (ACEEE 2003).

%0 Table 1 presents the projected impacts of increased RE and EE deployment in each study relative to some
baseline. The baselines differ from study to study, which partially explains why, for example, a 10% RPS in two
studies can lead to different impacts on renewable generation (in TWh and in % increase in renewable generation,
above the baseline). The impact on renewable generation also varies because of assumed cost caps used in some
studies or sunset provisions that in some studies terminate the RPS in a certain year, leading to fewer modeled
renewable capacity additions in later years of the study because there are fewer years under the RPS in which to
recoup investment costs. Additional variations among model runs include renewable technology and cost
assumptions and the treatment of the federal production tax credit.

10
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consumption and prices are typically found in studies that evaluated aggressive RE and EE
deployment.

Table 1. Summary of Results from Past RE/EE Deployment Studies

Increase in U.S.
RE Generation
TWh (% of total

Reduction in U.S.

Gas Consumption

Gas Wellhead
Price Reduction

Retail Electric
Price Increase

Author RPS/EE generation) Quads (%) $/MMBtu (%) Cents/kWh (%)
EIA (1998) 10%-2010 (US) 336 (6.7%) 1.12 (3.4%) 0.34 (12.9%) 0.21 (3.6%)
EIA (1999) 7.5%-2020 (US) 186 (3.7%) 0.41 (1.3%) 0.19 (6.6%) 0.10 (1.7%)
EIA (2001) 10%-2020 (US) 335 (6.7%) 1.45 (4.0%) 0.27 (8.4%) 0.01 (0.2%)
EIA (2001) 20%-2020 (US) 800 (16.0%) 3.89 (10.8%) 0.56 (17.4%) 0.27 (4.3%)
EIA (2002a) 10%-2020 (US) 256 (5.1%) 0.72 (2.1%) 0.12 (3.7%) 0.09 (1.4%)
EIA (2002a) 20%-2020 (US) 372 (7.4%) 1.32 (3.8%) 0.22 (6.7%) 0.19 (2.9%)
EIA (2003) 10%-2020 (US) 135 (2.7%) 0.48 (1.4%) 0.00 (0.0%) 0.04 (0.6%)
UCS (2001) 20%-2020, & EE (US) 353 (7.0%) 10.54 (29.7%) 1.58 (50.8%) 0.17 (2.8%)

UCS (2002a)

10%-2020 (US)

355 (7.1%)

1.28 (3.6%)

0.32 (10.4%)

-0.18 (-2.9%)

UCS (2002a)

20%-2020 (US)

836 (16.7%)

3.21 (9.0%)

0.55 (17.9%)

0.19 (3.0%)

UCS (2002b)

10%-2020 (US)

165 (3.3%)

0.72 (2.1%)

0.05 (1.5%)

-0.07 (-1.1%)

UCS (2003)

10%-2020 (US)

185 (3.7%)

0.10 (0.3%)

0.14 (3.2%)

-0.14 (-2.0%)

UCS (2004a)

10%-2020 (US)

181 (3.6%)

0.49 (1.6%)

0.12 (3.1%)

-0.12 (-1.8%)

UCS (2004a)

20%-2020 (US)

653 (13.0%)

1.80 (5.8%)

0.07 (1.87%)

0.09 (1.3%)

UCS (2004b)  10%-2020 (US) 277 (5.5%) 0.62 (2.0%) 0.11 (2.6%) -0.16 (-2.4%)
UCS (2004b)  20%-2010 (US) 647 (12.9%) 1.45 (4.7%) 0.27 (6.7%) -0.19 (-2.9%)
Tellus (2002)  10%-2020 (RI) 31 (0.6%) 0.13 (0.4%) 0.00 (0.0%) 0.02 (0.1%)
Tellus (2002)  15%-2020 (RI) 89 (1.8%) 0.23 (0.7%) 0.01 (0.4%) -0.05 (-0.3%)
Tellus, (2002)  20%-2020 (RI) 98 (2.0%) 0.28 (0.8%) 0.02 (0.8%) -0.07 (-0.4%)
ACEEE (2003) 6.3%-2008, & EE (US) NA 1.37 (5.4%) 0.74 (22.1%) NA

Notes:

e The data for the ACEEE study are for 2008, the final year of that study’s forecast. All other data are for 2020.
e All dollar figures are in constant 20008.

e The increase in U.S. RE generation reflects the TWh and % increase relative to the reference case scenario for

the year 2020. The % figures do not equate to the size of the RPS for a variety of reasons: 1) existing RE
generation and new RE generation that comes on line in the reference case may also be eligible for the RPS, and
2) the RPS is not always achieved, given assumed cost caps in some studies.

The reference case in most studies reflects an EIA AEO reference case, with some studies making adjustments
based on more recent gas prices or altered renewable-technology assumptions. The one exception is UCS
(2003), in which the reference case reflects a substantially higher gas-price environment than the relevant AEO
reference case.

The Tellus study models an RPS for Rhode Island, also including the impacts of the Massachusetts and
Connecticut RPS policies. All the figures shown in this table for the Tellus study, as well as ACEEE (2003), are
for the predicted national-level impacts of the regional policies that were evaluated.

Wellhead price reductions translate into reduced bills for natural gas consumers and moderate
the expected RE-induced increase in electricity prices predicted by many of the studies by
reducing the price of gas delivered to the electricity sector. As shown in Figure 4, with some

11
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exceptions, the absolute reduction in delivered natural gas prices for the electricity and non-
electricity sectors largely mirrors the reduction in wellhead gas prices shown in Table 1. This
suggests that changes in wellhead prices flow through to delivered prices for all U.S. consumers
— even those consumers located in regions that do not experience significant RE and EE
development — on an approximate one-for-one basis.
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Figure 4. The Impact of RE/EE Deployment on Wellhead and Delivered Gas Prices

Focusing on just those studies that exclude EE deployment (i.e., all but ACEEE 2003 and UCS
2001),%! Figure 5 presents the impact of increased RE generation on the displacement of national
gas consumption in 2020 (see Appendix A for more detailed annual data on natural gas
displacement). Figure 6, meanwhile, shows the impact of increased RE generation on the
national average wellhead price of natural gas.

21 We exclude the two studies that involve EE deployment here only to simplify the graphical results.

12
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Figure 6. Forecasted Natural Gas Wellhead Price Reduction in 2020

3.2 Gas-Generation Displacement and Effective Heat Rates

Although this is not shown explicitly in the preceding tables and figures, RE and EE are
generally expected to lead to greater reductions in gas consumption (and, therefore, prices) in the
studies that rely on lower gas-price forecasts in the business-as-usual scenario. More recent
studies, which often rely on higher gas-price forecasts (e.g., UCS 2004a, 2004b), generally find
less gas displacement (and greater coal displacement) over time as coal out-competes gas for
new additions; this effect can be seen in the relatively lower gas displacement and price
reduction seen under the 20% RPS in UCS (2004a) and UCS (2004b), shown in Figures 5 and 6.
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This effect is shown graphically in more detail in Appendix A; the newest studies of national
RPS policies find that each MWh of incremental RE displaces as little as 0.34 MWh of natural
gas generation on average, though some earlier studies show an average displacement of more
than 0.75 MWh.? In a high-gas-price environment, this effect may mitigate the benefit of RE
and EE in reducing gas prices.” Although it is possible that increased RE and EE may also put
downward pressure on coal prices, the elasticity of coal prices to altered demand conditions is
likely to be far lower than that of natural gas (see, for example, Figure 15 later in this paper),
suggesting that the impact of RE and EE on coal prices is probably modest relative to their
impact on gas prices.*!

3.3 National Electricity- and Gas-Bill Impacts

Figures 4 through 6, along with Table 1, clearly show that increased RE and EE are predicted to
reduce natural gas consumption and prices while retail electricity prices are predicted to rise in at
least some instances. The net predicted effect on consumer energy bills could be positive or
negative, depending on the relative magnitude of the electricity- and natural gas-bill effects.

Figure 7 presents these offsetting effects for a subset of the studies we reviewed.”® Although
there are variations among the different studies, the NPV of the cumulative (2003-2020)
predicted increase in consumer electricity bills (if any) in the RPS cases compared to the
reference case is often on the same order of magnitude as the NPV of the predicted decrease in
consumer natural gas bills.”® From an aggregate consumer perspective, therefore, the net
consumer cost of these policies is typically predicted to be rather small, with 12 of 15 RPS
analyses even showing net consumer savings (i.e., negative cumulative bill impacts).*’

22 Appendix A also shows the effective heat rate of the gas generation that is displaced in the national RPS analyses,
which averages approximately 9,000 Btu/kWh in the early years, dropping to ~ 7,500 Btu/kWh in the later years.
 Similarly, as RE and EE increase, gas prices are expected to decrease, making gas generation a more potent
competitor to RE and EE.

** Despite this, the impact of RE and EE on coal prices may still merit some additional exploration. Also, RE and EE
may affect oil prices because of a direct (but likely modest) displacement of oil-fired generation or from the indirect
link between gas and oil prices (i.e., reduced gas prices will put downward pressure on oil prices because of the
possibility of fuel substitution).

% Figure 7 shows the energy bill impacts only for the national RPS studies for which these data were available [i.e.,
it excludes Tellus (2002) as well as the two studies in which EE investments were also modeled]. Only “private”
costs are considered (i.e., excluding environmental externalities), and a 7% real discount rate is used. The 7%
discount rate is used to be consistent with recommendations from the Office of Management and Budget. Note,
however, that Awerbuch (2003) and others recommend far lower risk-adjusted discount rates, especially for natural
gas costs. If such discount rates were used, the NPV of consumer gas savings would be even higher than shown in
Figure 7.

*® During the past several years, as forecasted natural gas prices have risen, the aggregate predicted consumer
impacts of an RPS should, all else being equal, have become more positive. To some degree, this is born out by
Figure 7.

27 In several of these studies, RPS cost caps are reached, ensuring that consumers pay a capped price for some
number of proxy renewable energy credits (and leading to increased electricity prices) while not obtaining the
benefits of increased RE generation on natural gas prices. Accordingly, if anything, Figure 7 underestimates the
possible consumer benefits of a well-designed renewable energy program with less-binding cost caps.

14



Easing the Natural Gas Crisis

80
60 +
40 +
20 +
&
S 0 -
o
N 20 4
C
2 40 |
@ 60 | O Change in Consumer Natural Gas Bills
80 L O Change in Consumer Electricity Bills
100 . B Net Impact of RPS on Combined Bills
-120
EIA | EIA | EIA | EIA | EIA | EIA| EIA |UCS |UCS|UCS | UCS|UCS|UCS | UCS | UCSsS
98 99 01 01 02 02 03 | 02a | 02a | 02b | 03 | O4a | 0O4a | 04b | 04b
10% | 7.5% | 10% | 20% | 10% | 20% | 10% | 10% | 20% | 10% | 10% | 10% | 20% | 10% | 20%

Figure 7. NPV of RPS Impacts on Natural Gas and Electricity Bills
(2003-2020, 7% real discount rate)

3.4 The Value of Renewable Energy, in $/MWh

By putting downward pressure on natural gas prices and bills, increased RE and EE provide a
significant benefit to consumers, based on the studies reviewed here. But how large is that
national impact, in dollars per MWh of incremental renewable energy?

Considering the predicted reduction in consumer gas bills as well as an assumed one-for-one
pass-through of reductions in gas costs in the electricity sector to consumers, Figure 8 shows the
range of consumer benefits delivered with increased renewable energy generation, by study (not
including those studies that also include energy efficiency investments), expressed in terms of $
per MWh of incremental renewable energy.”®

Results from these studies suggest that each MWh of incremental renewable energy production
provides, on average, national consumer benefits in the form of gas savings in the range of
$6/MWh to $35/MWh, with a central range of about $7.50 to $20/MWh. Variations in this value
are caused by different implied inverse price elasticities of natural gas supply (see Section 4),
and by differences in the amount of gas displacement caused by renewable energy (see Appendix
A). Even at the low end of the range, however, these benefits are sizable.

%% Note that this “value” is presented in $ per MWh of incremental renewable energy, and not as $/MWh in reduced
consumer bills.
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Figure 8. Consumer Gas-Savings Benefits of Increased RE Production (in $/MWh)*

2 We weight the annual benefit of gas bill savings per MWh by the amount of yearly renewable generation to
derive this weighted average figure. Yearly data are averaged over the following period: from the first year in which
incremental renewable energy supply exceeds 10 billion kWh (such that we ignore early year “noise” in the data) to
the last year of the forecast period, either 2020 or 2025 (depending on the study).
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4. Summary of Implied Inverse Price Elasticities of Supply

Ignoring the different impacts of RE and EE deployment on gas consumption among studies (see
Appendix A and Figure 5), we can compare the natural gas price response among studies by
calculating the inverse price elasticity of supply implied by the results of each study, for each
forecast year. This calculation requires annual data on the predicted average national wellhead
price of natural gas and total natural gas consumption in the United States (U.S.) for both the
business-as-usual baseline scenario and the policy scenario of increased RE and/or EE
deployment.”® With the exception of the ACEEE study, the resulting inverse elasticities can be
considered long-term inverse elasticities.”!

Figure 9 compares long-term implicit inverse elasticities among studies for the years 2000-2025
(excluding the ACEEE 2003 results, which are presented later). If nothing else, the figure shows
that implied inverse elasticities exhibit a great deal of variation. Although some of the studies
show a reasonable level of consistency in the inverse elasticity over time, others show large
swings from year to year. This is especially (though not always) true when the aggregate
reduction in gas demand is small, which leads to substantial “noise” in the modeling results.
Swings in the inverse elasticity of the magnitude shown in some of the studies may not be within
reasonable bounds, and further research is required to better understand these inter-annual trends.

20 —e—FEIA98-10%

—a—EIA99-7.5%
18 —= EIA01-10%
16 EIA01-20%
14 | x— EIA02-10%
12 | —%—EIA02-20%

—e—EIA03-10%
——UCS 01-20%
UCS 02a-10%
UCS 02a-20%
—=—UCS 02b-10%
UCS 03-10%
UCS 04a-10%
UCS 04a-20%
UCS 04b-10%
UCS 04b-20%
o— Tellus 02-10%

Implicit Inverse Price Elasticity of Supply

O - NMILTWONMNODNDOT N®MIETOLONDDOT N®ITW | o Tellus 02-15%
O O OO0 OO0 0O OO0 O ™ ™ ™ ™ v ™ ™ v v v« AN N N AN NN o
OO0 00 0000000000000 O0OO0O0O0OO0 OO0 OO Tellus 02-20%
NN ANANANANANANNNNNNNANANNNNNNNNNANA o

Figure 9. Annual Implicit Inverse P