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Key Analysis Components 
 

PSE developed seven scenarios and seven sensitivities in order 

to capture a wide spectrum of possible futures at a time when 

old economic trends have been interrupted, and new ones have 

yet to be established.  

 

I. Overview, 3-2 
 
II. Scenarios 3-4 
 
III. Sensitivities, 3-11 
 
IV. Key Assumptions, 3-17  
 
 Price Forecasts  
 
 Emissions Cost Assumptions  
 
 Resource Cost Forecasts 
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I. Overview 
 

Planning scenarios and sensitivities are key components of PSE’s resource planning 

process. Using them allows us to evaluate the costs and risks associated with a multitude 

of possible futures, resource combinations, and the timing of resource additions. Other 

key inputs to the analysis include demand forecasts (described in Chapter 4), resource 

alternatives (described in Chapters 5 and 6) and the price forecasts, emissions 

assumptions, and resource cost forecasts described in section three of this chapter. 

 

This planning cycle, developing scenarios and sensitivities for long-term planning was 

particularly challenging. Old economic trends have been interrupted, and new ones have 

not yet been established. Policy issues with great importance to utility operations remain 

undecided, such as CO2 costs. Many familiar constraints, however, remain: Technology 

has not yet significantly increased the types of renewable resources that are capable of 

generating utility scale power, and infrastructure limitations still restrict our options. 

 

In fact, economic conditions shifted so much during the two-year planning cycle that in 

early 2009, we decided it was necessary to develop two additional pessimistic scenarios 

to reflect deteriorating conditions. Altogether, the following seven scenarios were 

developed to test the performance of a variety of portfolios in different potential futures.  

 2007 Trends 

 Green World 

 2007 Business as Usual (2007 BAU) 

 High Growth 

 Low Growth  

 2009 Trends 

 2009 Business as Usual (2009 BAU) 

 

In order to test how a single important unknown might affect resource decisions, we also 

tested the following sensitivities.  

 Very High and Very Low Gas Prices 

 High and Low Resource Costs 

 High and Low Renewable Portfolio Standards (RPS)  

 Transportation Load effects 
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All sensitivities were tested in the 2007 Trends reference scenario, except for one. The 

Very Low Gas Price sensitivity was tested in the 2007 Business as Usual scenario. 

 

Figure 3-1 illustrates the seven planning scenarios.  

 

 

Figure 3-1 

Planning Scenarios 

 

DRAFT 2009 IRP



 

3 - 4 

 

II. Scenarios 
 

Scenarios help us understand how logical changes in market conditions would affect 

costs and risks of different resource plans. They are different “pictures” of the future that 

allow us to incorporate fundamental changes for important issues that are observed 

today, but whose outcome is unknown. They depict different potential price paths that key 

variables may take as events unfold. Scenarios reflect integrated sets assumptions that 

would occur together, such as high economic growth leading to high demand for 

resources, and therefore, high resource costs.  They reflect uncertainty about the 

performance of the national and regional economies, environmental regulation, natural 

gas prices, and energy policy.  

 

Reference case scenarios give us a starting set of assumptions so that other scenarios 

can be described by how they differ from it. People often assume that the reference case 

created for a planning exercise like this one is a close reflection of current trends, and in 

less volatile times this is often coincidentally true – but not this time. This reference case 

was developed in late 2007 under very different economic conditions; despite how 

conditions have changed, its value as a reference case remains. The reference case still 

makes it possible for us to compare meaningful differences between scenarios.  

 

Below, we describe the seven scenarios created for PSE’s 2009 IRP electric and gas 

planning analysis. Five of these were developed at the beginning of the 2-year process in 

late 2007 and early 2008. Two additional scenarios were created in the spring of 2009 to 

reflect increasingly pessimistic economic conditions. Subjective probabilities are not 

assigned to the likelihood of any particular scenario occurring, in other words, it is 

important to remember that no scenario is judged to be more likely to occur than any 

other.  

 

1)  2007 Trends 

The 2007 Trends scenario establishes a starting-point baseline for comparison with other 

scenarios, so it is described it in the greatest detail. Modifications made in the other 

scenarios and sensitivities are deviations from these reference points. 

 

Resource costs. The estimated cost of generic resources is based on bids received in 

response to our formal 2007 Requests for Proposals (RFPs), along with information 
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obtained during 2008 as part of the PSE’s ongoing market activity. Bid prices received 

were not firm and were occasionally revised upward. The cost of each resource is 

escalated at varying rates over the 20-year time horizon.   

 For gas combined-cycle plants and wind plants, PSE developed cost escalation 

rates using studies produced by ION Consulting as a starting point.  

 For solar capital costs, we used escalation rates from the “Annual Energy 

Outlook 2008” published by the Energy Information Administration (EIA). 

 For conventional coal and IGCC escalation costs, we relied on the Producer’s 

Price Index and the cost of resources.   

 Biomass and geothermal cost escalation rates were kept constant in real terms; 

in other words, the nominal cost rises at the same rate as inflation.  

 A 2.5% annual inflation rate was assumed in this analysis.  

In general, the cost assumptions used in this reference case are higher than those used 

in the 2007 Integrated Resource Plan. For the most part, they represent the “all-in” cost 

to deliver a resource to our customers; lower estimates available from public sources 

such as the EIA are often do not reflect “all-in” cost elements. PSE’s activity in the 

resource acquisition market during the past five years informs our cost assumptions, and 

our extensive discussions with developers, vendors of key project components, and firms 

that provide engineering, procurement, and construction services lead us to believe the 

estimates used here are appropriate and reasonable.  

 

Heat rates. PSE applies the improvements estimated by EIA to known current heat rates 

in the 2007 Trends scenario. New equipment heat rates are expected to improve slightly 

over time, as they have in the past.   

 

Regional demand growth. Demand growth varies by area in the Western Electric 

Coordinating Council (WECC). These regional demands affect PSE costs because we 

compete for resources with other WECC sub-regions.  

 For the Northwest states, demand growth is based on the 2006 Northwest 

Regional Forecast published by the Pacific Northwest Utilities Coordinating 

Council (PNUCC).  

 For the non-northwest regions, PSE uses estimates provided by the AURORA 

model developer EPIS.  
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According to these sources, the annual demand growth in the WECC ranges from 2.5% 

in the southwest to 1.4% in the northwest.  

 

PSE demand growth. PSE-specific demand growth incorporates assumptions about 

regional demand growth, but also includes many factors specific to our service territory. 

Development of PSE demand forecasts is discussed in detail in Chapter 4.  For this 

reference scenario, we assume the 2007 Base Case demand forecast. 

 

Gas prices. Gas price forecasts are a combination of forward marks in the near term and 

Global Insight forecasts for the longer term.  

 From 2010 through 2013, PSE used the three month average of forward marks 

for the period ending July 1, 2008. Forward marks reflect the price of gas being 

purchased at a given point in time for future delivery.  

 Beyond 2013, PSE uses long-run, fundamentals-based gas price forecasts 

acquired from Global Insight. Global Insight’s modeling assumptions and 

resulting forecasts are first compared with other forecasts for reasonableness. 

Emissions costs. This scenario assumes a CO2 charge of $37 per ton starting in 2012, 

increasing to $130 per ton by 2029.  

 

Production tax credits. The Production Tax Credit (PTC) is a federal subsidy related to 

production of energy. Currently, the PTC amounts to approximately $21 (in 2010 dollars) 

per MWh for ten years of production after a project is placed into service. The PTC is 

indexed for inflation and is currently scheduled to expire at the end of 2012. This scenario 

assumes PTCs remain at the current rate through 2013, and that no further PTCs are 

available for new resource development as of 2014. 

 

Investment tax credits. The Investment Tax Credit (ITC) is another federal subsidy 

related to production of renewable energy. Currently, the ITC amounts to approximately 

30% of the capital cost for solar resources and 10% of the capital cost for biomass and 

geothermal resources; it is scheduled to expire at the end of 2016. Through 2016, this 

scenario assumes ITCs remain at current levels; beginning in 2017 and for the remainder 

of the time horizon, they drop to 10% for solar and remain unchanged for biomass and 

geothermal.  

 

DRAFT 2009 IRP



 

3 - 7 

Renewable portfolio standards. Renewable portfolio standards (RPSs) exist in 29 

states and the District of Columbia, including most of the states in the WECC1 and British 

Columbia. They affect PSE because they increase competition for development of such 

resources.  Each state and territory defines renewable energy sources differently, sets 

different timetables for implementation, and establishes different requirements for the 

percentage of load that must be supplied by renewable resources.  

 

To model these varying laws, we first identify the load forecast for each state in the model 

and the benchmarks of each state’s RPS (e.g. 3% in 2015, then 15% in 2020). Then, state 

by state, we apply those requirements to the load forecast. No retirement of existing 

WECC renewable resources is provided for, which perhaps underestimates the number of 

new resources that need to be constructed. After existing and expected renewable energy 

resources are accounted for, new renewable energy resources are matched to the load to 

meet the RPS. With internal and external review for reasonableness, these resources are 

created in the AURORA database. Technologies included wind, solar, biomass and 

geothermal. Creation of RPS resources was guided by estimates of potential production 

by states that appear in the “Renewable Energy Atlas of the West,” which can be found at 

www.EnergyAtlas.org. These vary considerably depending on local conditions; Arizona, 

for example, has little wind potential but great solar potential. Appendix I, Electric Analysis, 

includes a table that identifies renewable portfolio standards by jurisdiction. 

 

Build constraints. PSE added constraints on coal technologies to the AURORA 

optimizing model in order to reflect current political and regulatory trends. Specifically, we 

limited conventional coal to the central states and only to meet each state’s own load 

growth. For certain other states, coal resources were reduced even further due to 

regulatory restraints or uncertainties. For instance, Washington state law RCW 80.80 

(Greenhouse Gases Emissions-Baseload Electric Generation Performance Standard) 

clearly prohibits construction of new coal-fired generation in the state without carbon 

capture and sequestration. Left alone, the AURORA model would have identified coal as 

a least cost resource and created a large number of coal units in the WECC on an 

economic basis – more than seems reasonable given present-day trends and attitudes.  

 

                                                           
1 At http://www.eere.energy.gov/states/maps/renewable_portfolio_states.cfm#chart, the 

U.S. Department of Energy website includes a summary of state RPS requirements with 

links to more detailed information. 
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2)  Green World 

The Green World scenario investigates the consequences of a future in which, relative to 

the 2007 Trends reference case,  

 emission costs are much higher,  

 gas prices are much higher,  

 demand for electricity is lower because of price and social preference, 

 and resource costs are higher.  

Demand growth. A low growth rate has been applied for the WECC region and the 2007 

Low Growth demand forecast has been applied for PSE.  

 

Gas prices. In this scenario, gas prices are expected to move higher due to developers 

of new generation resources moving from coal to gas to satisfy legal requirements and 

thereby increasing demand. The region’s use of gas-fired generation also increases as 

more intermittent renewable energy generation comes online (wind and solar). For Green 

World, PSE applies Global Insight’s long-run high forecast.  

 

CO2 emission costs. CO2 emission charges rise from $55 per ton in 2012 to $150 per 

ton in 2029 – much higher relative to the reference scenario. Quantitative values for the 

charges were estimated based on the Wood Mackenzie report cited in the Emissions 

Cost Assumptions section of this chapter.  

 

Production tax credits. In Green World, PTCs are extended through 2015.  

 

Resource costs.  Green World models high resource cost assumptions as more 

stringent environmental regulation is assumed to drive up the cost of raw inputs, including 

industrial manufacturing, siting, and construction.  

 

3) 2007 Business as Usual (2007 BAU) 

2007 Business as Usual is characterized by  

 continued political discussion about important energy policies, but no actions 

actually being taken;    
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 emissions costs that are less stringent than other scenarios;   

 and less constraint of conventional coal plants than other scenarios. 

While this scenario may seem unlikely at a time when the state of Washington is moving 

to enact carbon trading regulations, consideration of this future is important to 

understanding the risks associated with pursuing resource strategies based on significant 

carbon costs. It also provides an opportunity to consider how resource strategies might 

change should we find ourselves in such a world.   

 

CO2 emission costs.  This scenario assumes CO2 costs of $0.32/ton, i.e., nearly zero. 

The cost is based on Washington state law RCW 80.70 – Carbon Dioxide Mitigation.   

 

Production tax credits. PTCs are not extended beyond 2009 in Business as Usual. (This 

scenario was developed before PTCs were extended through 2012.) 

 

Build constraints.  Conventional coal plants are assumed to be more widely available 

than in the other scenarios in AURORA market price forecasts. Coal is still significantly 

constrained, primarily to meeting load growth in certain coal producing states. Out-of-state 

coal plants and the transmission resources they require are considered commercially 

viable resources for PSE’s portfolio analysis in this scenario. 

 

4)  High Growth 

This scenario models more robust long-term economic growth than assumed in the 

reference case, and is characterized by  

 higher demand for energy in the region and in PSE’s service territory, 

 higher natural gas prices, 

 and higher resource costs.  

Demand growth.  This scenario includes a high growth rate for demand in the WECC 

region and, more specifically, the 2007 High demand forecast for PSE.  

 

Natural gas prices. Global Insight’s long-run high forecast is applied. 

 

Resource costs. In this scenario, more robust economic growth drives higher demand for 

generation resources (relative to the reference case), which in turn is assumed to result in 
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high resource costs.  

 

5)  Low Growth 

This Low Growth scenario was created before the economic downturn became acute. It 

models the impact of weaker long-term economic growth than assumed in the reference 

case. This creates  

 lower demand for energy in the region and PSE’s service territory 

 lower natural gas prices due to lower energy demand 

 lower cost of energy resources because demand for power plants is depressed 

by lower economic growth 

Demand growth.  A low growth rate has been applied for the WECC region, and the 2007 

Low Growth demand forecast has been applied for PSE.  

 

Natural gas prices. Global Insight’s long-run low forecast is applied. 

 

Resource costs. Lower resource costs are expected to result from lower demand for 

energy in this scenario.  

 

6)  2009 Trends 

This scenario was created in early 2009 to reflect altered economic conditions and reflects 

the following conditions 

 low demand growth,  

 low gas prices, 

 CO2 costs similar to the reference case, 

 and low resource costs.     

Demand growth.  A low growth rate has been applied for the WECC region, and the 2009 

Low Growth Update demand forecast has been applied to PSE’s service territory.  

 

Production tax credits. PTC assumptions are based on current legislation, so wind PTCs 

extend through 2012 and biomass PTCs extend through 2013.  
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Natural gas prices.  To better reflect the gas market as of early 2009, forward marks 

based on the three-month average for the period ending March 2, 2009 is used for gas 

prices from 2010 through 2013, thereafter Global Insight’s long-run low forecast applies.  

 

CO2 emission costs.  2009 Trends uses the same emissions costs as the reference 

scenario ($37 per ton starting in 2012, increasing to $130 per ton by 2029). 

 

Resource costs. Low resource costs are expected to result from lower demand for 

energy.  

 

7)  2009 Business As Usual (2009 BAU) 

This scenario is the most pessimistic of the seven. Here, low economic activity leads to  

 low demand,  

 low gas prices,  

 and no CO2 legislation is enacted.   

 

Demand growth. A low growth rate has been applied for the WECC region; the 2009 Low 

Growth demand forecast update is applied to PSE’s service territory  

 

Natural gas prices. This scenario uses the Very Low Gas Price sensitivity described 

later in this chapter. 

 

CO2 emission costs. Negligible CO2 costs of $0.32 per ton are assumed, the same 

emissions cost modeled in the 2007 BAU scenario. 

 

Resource costs.  Low resource costs are expected to result from lower demand for 

energy.  
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 II. Sensitivities 
 

During this planning cycle, a number of discrete variables have grown increasingly 

difficult to forecast. For this reason, PSE decided to apply sensitivity analysis to to 

examine how changes in a single factor would affect the resource plan. Isolating specific 

impacts of certain variables makes it possible to perform an “all else equal” risk analysis.  

PSE performed sensitivity analysis along with integrated scenario analysis for both the 

electric and gas portions of this IRP. All of the following sensitivities were tested in the 

2007 Trends reference case, with one exception. The Very Low Gas Price sensitivity was 

modeled in the 2007 Business As Usual scenario. 

 

A. High and Low Renewable Portfolio Standards 

All of the scenarios described above assume meeting current Washington state RPS 

requirements. PSE wanted to know how changes to that standard might impact resource 

builds. To test for this sensitivity, we created high and low variations on Initiative 937.  

 Current targets are 3% of load by 2012, 9% of load by 2016, and 15% by 2020.   

 The high RPS sensitivity assumes targets of 4% by 2012, 10% by 2016, 16% by 

2020 and 20% by 2025.   

 The low RPS sensitivity assumes that the law is changed and only the first level, 

3%, is required. 

 

B. High and Low Resource Costs  

Resource costs have grown increasingly volatile in the recent past. While our market 

experience gives us confidence in the resource cost estimates and escalation rates 

developed for the scenarios described above, PSE wanted to examine this question: 

Holding all other variables constant, how will changes in resource costs affect plan 

decisions?  Cost escalation rates were developed for all resource alternatives, and then 

high and low resource cost assumptions were created to test in the 2007 Trends 

reference scenario.  
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C. High and Low Gas Prices  

Market prices for natural gas have been extremely volatile; between July and November 

2008, Sumas prices fell from a high of $14.64 per MMBtu to a $6.66 per MMBtu. By April 

2009, prices were down to $3 per MMBtu. This price level is outside the ranges depicted 

in the Global Insight long-run forecasts used in the scenarios. To encompass a broader 

range of future price possibilities, we developed very high and very low gas price 

sensitivities by increasing the Global Insight high prices beyond 2013 and assuming a 

symmetrical low price. (Unlike the Global Insight forecasts, these are not based on future 

supply and demand scenarios.) 

 The very high gas price sensitivity models a 20-year levelized2 price of $14.42 

per MMBtu, $4.41 higher than the Global Insight price used for the 2007 Trends 

reference scenario. 

 The very low gas price sensitivity models a 20-year levelized price of $5.60 per 

MMBtu, $4.41 per MMBtu lower than the Global Insight price used in the 2007 

Trends reference scenario.    

 

Figure 3-2 shows the full range of levelized gas prices modeled in this IRP, including CO2 

cost (per MMbtu) if applicable to the scenario.  

 

Figure 3-2 

Range of Levelized Gas Prices and CO2 Costs Modeled in the 2009 IRP 

                                                           
2 Levelized prices are average prices over the 20-year planning period.  
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D. Transportation Loads 

Support for plug-in hybrid electric vehicles (PHEVs) and vehicles powered by 

compressed natural gas at the federal and regional levels may increase the number of 

alternative-fuel vehicles operated in our service territory. We wanted to examine the 

impact that new transportation loads could have on PSE demand forecasts. 

 

To calculate these loads, PSE relied on census data and assumptions in a Northwest 

Power and Conservation Council study titled “Impact of Plug-in Hybrid Vehicles on 

Northwest Power System: A Preliminary Assessment.” While the study focuses on 

PHEVs, PSE believes that its assumptions are broad enough to reasonably be used to 

gauge the discrete additions to both electric and gas loads caused by switching 

transportation fuels. 

 

Electric transportation load. Figure 3-3 compares the demand curve with and without 

the transportation load, based on the following assumptions.  

 PHEVs will begin to enter the marketplace by 2010 and increase to 20% of the 

vehicles in the service territory by 2029, or about 500,000 PHEVs. 

 The vehicles have a 40-mile, all-electric range. 

 The vehicles will charge in the evenings and take eight hours to charge at a rate of 

1.25 KW per hour.   

 Total demand is discounted to reflect the possibility that not all vehicles may need a 

full charge or be charging at the same time.  
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Figure 3-3  

Transportation Adds 595 MW to Electric Peak Capacity Resource Need 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gas transportation load. To test how gas demand would be affected, PSE used the 

same assumptions described above for PHEVs, except that the vehicles’ fuel was 

compressed natural gas rather than electricity. Figure 3-4 shows the incremental 

increase in gas load needed to meet these requirements. 
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Figure 3-4  

Transportation Adds [  ] to Gas Peak Capacity Resource Need 

 

Figure 3-5 summarizes all scenarios and sensitivities used in the analysis. 

 

 

0

200

400

600

800

1,000

1,200

1,400

1,600

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

20
23

20
24

20
25

20
26

20
27

20
28

20
29

M
D

th
/D

ay

2007 Base 2007 Base + Transportation Loads

DRAFT 2009 IRP



 

3 - 17 

2
0
0
7
 T

re
n

d
s

G
re

e
n

 W
o

rl
d

L
o

w
 G

ro
w

th
H

ig
h

 G
ro

w
th

2
0
0
7

 B
u

s
in

e
s
s
 

A
s
 U

s
u

a
l

2
0
0
9
 T

re
n

d
s

2
0
0
9
 B

u
s

in
e
s

s
 

A
s

 U
s
u

a
l

V
e
ry

 H
ig

h
 G

a
s

V
e
ry

 L
o

w
 G

a
s

R
e
s
o

u
rc

e
 C

o
s
ts

H
ig

h
 R

P
S

L
o

w
 R

P
S

T
ra

n
s

p
o

rt

B
e
st

 e
st

im
a
te

 o
f 

cu
rr

e
n
t 
re

so
u

rc
e

 
co

st
s 

a
n
d
 

ch
a

ra
ct

e
ri

st
ic

s,
 

fu
e
l p

ri
ce

s,
 s

ta
te

 
la

w
s 

a
n
d
 

m
o
d
e
ra

te
 f

e
d
e

ra
l 

e
n
vi

ro
n
m

e
n

ta
l 

p
o

lic
ie

s

S
u

p
p
o
rt

 f
o

r 
st

ro
n
g

e
r 

e
n
vi

ro
n

m
e

n
ta

l 
le

g
is

la
tio

n
 a

t 
th

e
 

fe
d

e
ra

l l
e
ve

l, 
w

ith
 

co
n
tin

u
a

tio
n

 o
f 

st
a

te
 le

ve
l R

P
S

L
o
w

e
r 

re
g
io

n
a

l 
a
n

d
 P

S
E

 d
e
m

a
n
d
 

lo
a
d
 g

ro
w

th
 

b
a
se

d
 o

n
 lo

w
e

r 
lo

n
g
-t

e
rm

 
e

co
n
o

m
ic

 g
ro

w
th

.

H
ig

h
e
r 

re
g

io
n
a
l 

a
n
d
 P

S
E

 d
e
m

a
n
d

 
lo

a
d

 g
ro

w
th

 
b
a
se

d
 o

n
 r

e
la

te
d

 
lo

n
g
-t

e
rm

 
e
co

n
o
m

ic
 g

ro
w

th
.

B
e
st

 e
st

im
a
te

 o
f 

cu
rr

e
n

t 
co

st
s 

w
ith

 
cu

rr
e
n
t 

e
n

vi
ro

n
m

e
n
ta

l 
p
o
lic

ie
s

L
o

w
e
r 

re
g
io

n
a

l 
a

n
d
 P

S
E

 d
e
m

a
n
d
 

lo
a
d
 g

ro
w

th
 

b
a
se

d
 o

n
 lo

w
e

r 
lo

n
g
-t

e
rm

 
e

co
n

o
m

ic
 g

ro
w

th
.

L
o
w

e
r 

re
g
io

n
a
l 

a
n
d
 P

S
E

 d
e
m

a
n
d

 
lo

a
d

 g
ro

w
th

 
b
a

se
d
 o

n
 lo

w
e
r 

lo
n
g
-t

e
rm

 
e
co

n
o
m

ic
 g

ro
w

th
.

Im
p
a
ct

 o
f 

ve
ry

 
h

ig
h
 g

a
s 

p
ri

ce
s 

Im
p

a
ct

 o
f 

V
e
ry

 
L

o
w

 G
a
s 

P
ri
ce

s

Im
p
a
ct

 o
f 

re
so

u
rc

e
 c

o
st

s 
g
re

a
te

r 
o
r 

lo
w

e
r 

th
a

n
 r

e
fe

re
n

ce

H
ig

h
e
r 

R
P

S
 t
h

a
n
 

I-
9

3
7

L
o
w

e
r 

R
P

S
 t

h
a
n
 I

-
9
3

7

Im
p

a
ct

 o
f 

p
lu

g
-i
n
 

e
le

ct
ri

c 
h
yb

ri
d
 

ve
h

ic
le

s 
(P

H
E

V
) 

lo
a
d
s

E
P

IS
 A

ve
ra

g
e
s:

C
A

: 
1
.9

7
%

S
W

: 
2
.5

%

P
N

W
: 

1
.4

3
%

R
M

: 
1
.8

6
%

B
a
se

: 
2

%
R

e
fe

re
n

ce
L
o
w

: 
1
.9

%
L

o
w

: 
1

.9
%

H
ig

h
: 
2

.1
%

R
e

fe
re

n
ce

U
p
d
a

te
d

 L
o
w

U
p
d

a
te

d
 L

o
w

R
e

fe
re

n
ce

R
e
fe

re
n

ce
R

e
fe

re
n
ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

B
a

se
 +

 T
ra

n
sp

o
rt

 
lo

a
d

F
o
rw

a
rd

 m
a

rk
s 

fo
r 

2
0

1
0
-

2
0
1
3

, 
a
n
d

 G
lo

b
a
l 

In
si

g
h
ts

 lo
n
g
-r

u
n
 

fu
n
d
a

m
e

n
ta

l f
o
re

ca
st

R
e
fe

re
n

ce
G

lo
b
a

l I
n
si

g
h
ts

 
lo

n
g
-r

u
n

 h
ig

h
 

fo
re

ca
st

G
lo

b
a
l I

n
si

g
h
ts

 
lo

n
g
-r

u
n
 lo

w
 

fo
re

ca
st

G
lo

b
a
l I

n
si

g
h

ts
 

lo
n
g
-r

u
n
 h

ig
h

 
fo

re
ca

st
R

e
fe

re
n
ce

G
lo

b
a
l I

n
si

g
h
ts

 
lo

n
g
-r

u
n
 lo

w
 

fo
re

ca
st

, 
w

ith
 

u
p
d

a
te

d
 f

o
rw

a
rd

 
m

a
rk

s

V
e

ry
 L

o
w

 G
a
s 

P
ri
ce

 F
o

re
ca

st
$
5
.6

0
/M

M
B

tu

V
e

ry
 H

ig
h
 G

a
s 

p
ri
ce

 f
o
re

ca
st

s
$
1
4
.4

2
/M

M
B

tu

V
e

ry
 lo

w
 G

a
s 

p
ri
ce

 f
o

re
ca

st
$
5
.6

0
/M

M
B

tu
R

e
fe

re
n
ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e

fe
re

n
ce

G
lo

b
a
l I

n
si

g
h
t

R
e
fe

re
n

ce
R

e
fe

re
n
ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e

fe
re

n
ce

R
e
fe

re
n

ce
R

e
fe

re
n
ce

R
e

fe
re

n
ce

R
e
fe

re
n

ce
R

e
fe

re
n
ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e

fe
re

n
ce

P
S

E
 m

a
rk

e
t 

b
a
se

d
 

e
st

im
a
te

s
R

e
fe

re
n

ce
H

ig
h

 R
e
so

u
rc

e
 

C
o
st

s
L
o
w

 R
e
so

u
rc

e
 

C
o

st
s

H
ig

h
 R

e
so

u
rc

e
 

C
o
st

s
R

e
fe

re
n
ce

L
o
w

 R
e
so

u
rc

e
 

C
o
st

s
L
o

w
 R

e
so

u
rc

e
 

C
o
st

s
R

e
fe

re
n
ce

R
e
fe

re
n

ce
H

ig
h
 o

r 
L
o

w
 

R
e

so
u

rc
e

 C
o
st

s
R

e
fe

re
n
ce

R
e
fe

re
n
ce

R
e

fe
re

n
ce

L
ie

b
e
rm

a
n
-

W
a
rn

e
r 

B
ill

 
(E

P
A

) 
S

ta
rt

 in
 

2
0
1
2

W
o
o
d
 M

a
ck

e
n
zi

e
 

S
ta

rt
 in

 2
0

1
2

R
C

W
 8

0
.7

0
 -

 
C

a
rb

o
n
 M

iti
g
a
tio

n
 

P
la

n

L
ie

b
e

rm
a
n
-

W
a

rn
e
r 

B
ill

 
(E

P
A

) 
S

ta
rt

 in
 

2
0
1
2

R
C

W
 8

0
.7

0
 -

 
C

a
rb

o
n

 M
iti

g
a
tio

n
 

P
la

n

L
ie

b
e
rm

a
n
-

W
a
rn

e
r 

B
ill

 
(E

P
A

) 
S

ta
rt

 in
 

2
0
1
2

2
0
1

2
: 
$
3

7
2

0
1
2
: 

$
5
5

2
5
0

 M
W

 o
r 

g
re

a
te

r
2
0

1
2
: 
$

3
7

2
5
0
 M

W
 o

r 
g

re
a
te

r
2
0
1

2
: 
$
3

7

2
0
2

0
: 
$
6

7
2
0
2
0

: 
$
1
2

9
2
0

2
0
: 
$

6
7

2
0
2

0
: 
$
6

7

2
0
2
9
: 

$
1
3
0

2
0
2
9

: 
$
1
5

0
2

0
2
9
: 

$
1
3
0

2
0

2
9
: 
$

1
3
0

W
o
o

d
 M

a
ck

e
n
zi

e
2

0
1
0
: 
$

2
2
9

2
0
2
0

: 
$
1
3

9
0

2
0
2
9

: 
$
3
7

9
6

W
o
o

d
 M

a
ck

e
n
zi

e
2
0
1
0

: 
$
2
4

1
3

2
0
2
0

: 
$
1
8

6
5

2
0
2
9

: 
$
2
4

8
6

$
2
1
:2

0
1

0
-2

0
1
3

$
2

1
:2

0
1
0
-2

0
1
5

F
o
r 

a
ll 

e
lig

ib
le

 
te

ch
n

o
lo

g
ie

s
F

o
r 

a
ll 

e
lig

ib
le

 
te

ch
n
o
lo

g
ie

s

G
e
o
th

e
rm

a
l a

n
d
 

B
io

m
a

ss
: 
1
0
%

M
e
e
t 
C

u
rr

e
n
t 
S

ta
te

 R
P

S
 

th
ro

u
g
h

 2
0

2
9

R
e
fe

re
n

ce
R

e
fe

re
n
ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e

fe
re

n
ce

R
e
fe

re
n

ce
R

e
fe

re
n
ce

R
e

fe
re

n
ce

R
e
fe

re
n

ce
R

e
fe

re
n
ce

H
ig

h
e
r 

R
P

S
 

T
a
rg

e
ts

 R
P

S
 c

a
p
p

e
d
 a

t 
3
%

R
e

fe
re

n
ce

2
0
1

0
: 
$
8

.0
0

In
cr

e
a
se

 a
t 
sa

m
e
 r

a
te

 a
s 

w
in

d
 c

a
p
ita

l c
o
st

: 
2
0
1
1

-
2

0
2
9

2
0
0
7
 T

re
n

d
s

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e
fe

re
n

ce

R
e
fe

re
n

c
e
 

A
s
s

u
m

p
ti

o
n

s

P
la

n
n

in
g

 S
c

e
n

a
ri

o
s

R
e
fe

re
n

ce

R
e
fe

re
n

ce

R
e
fe

re
n

ce

R
e
fe

re
n
ce

$
1
.6

0
/t
o

n
 f

o
r 

2
0
%

 o
f 

to
ta

l C
O

2

R
e

fe
re

n
ce

R
e
fe

re
n

ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e
fe

re
n

ce

2
0
0
7
 B

u
si

n
e

ss
 

A
s 

U
su

a
l

R
e
fe

re
n

ce

R
P

S

S
O

2

C
O

2

R
e
fe

re
n
ce

E
m

is
s
io

n
s
 

(N
o

m
in

a
l 

$
/T

o
n

)

P
ro

d
u

c
ti

o
n

 T
a
x
 

C
re

d
it

s
 (

$
/M

W
h

)

R
e
fe

re
n

ce
In

v
e
s
tm

e
n

t 
T

a
x
 

C
re

d
it

R
e
fe

re
n
ce

S
o
la

r:
 3

0
%

 2
0
1
0

-2
0
1

6
, 

th
e
n

 1
0
%

N
o

x

R
e
fe

re
n
ce

R
e

fe
re

n
ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e

fe
re

n
ce

R
e
fe

re
n

ce

2
0
0
7
 B

u
si

n
e

ss
 

A
s 

U
su

a
l

R
e
fe

re
n

ce

B
u

il
d

 C
o

n
s

tr
a
in

ts
R

e
fe

re
n
ce

R
e
fe

re
n
ce

L
im

ite
d
 a

m
o

u
n
t 
o

f 
co

a
l 

a
n

d
 I
G

C
C

 b
u
ild

s 
to

 m
e
e
t 

lo
a
d
 g

ro
w

th
 o

n
ly

. 
N

o
 n

e
w

 
n
u
cl

e
a
r 

b
u

ild
s.

R
e
fe

re
n

ce
R

e
fe

re
n
ce

R
e
n

e
w

a
b

le
 E

n
e
rg

y
 

C
re

d
it

 (
$

/M
W

h
)

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e
fe

re
n

ce
R

e
fe

re
n
ce

R
e

fe
re

n
ce

R
e

fe
re

n
ce

P
T

C
 e

n
d
s 

in
 

2
0
0

9

R
e

fe
re

n
ce

H
ig

h
e

r 
a
m

o
u
n
t 

o
f 

co
a
l a

n
d
 I
G

C
C

 
b
u
ild

s 
a
llo

w
e

d
 

(A
U

R
O

R
A

).
 

C
h

a
n
g
e

s 
to

 R
C

W
 

8
0
.8

0

R
e

fe
re

n
ce

$
1
.6

0
/t
o
n

 f
o
r 

2
0
%

 o
f 

to
ta

l C
O

2

R
e

fe
re

n
ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e

fe
re

n
ce

T
h

e
m

e

W
E

C
C

 D
e
m

a
n

d
 

(A
U

R
O

R
A

)
L
o
w

 G
ro

w
th

R
e

fe
re

n
ce

2
0
0
7

 T
re

n
d
s

R
e

fe
re

n
ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e

fe
re

n
ce

R
e

fe
re

n
ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e

fe
re

n
ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

S
e
n

s
it

iv
it

e
s

R
e

fe
re

n
ce

2
0
0
7
 T

re
n

d
s

R
e

fe
re

n
ce

R
e

fe
re

n
ce

2
0
0
7

 T
re

n
d
s

R
e
fe

re
n
ce

R
e
fe

re
n
ce

P
T

C
 e

n
d
s 

in
 

2
0
0
9

R
e
fe

re
n

ce

C
o

a
l 

P
ri

c
e

P
S

E
 D

e
m

a
n

d

G
e
n

e
ri

c
 R

e
s
o

u
rc

e
 

C
o

s
t 

($
/K

W
) 

G
a
s
 P

ri
c

e

L
o
w

 G
ro

w
th

H
ig

h
 G

ro
w

th

R
e
fe

re
n
ce

L
o

w
 G

ro
w

th

R
e
fe

re
n

ce

R
e
fe

re
n

ce
R

e
fe

re
n
ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e
fe

re
n

ce

R
e
fe

re
n

ce

R
e
fe

re
n

ce

L
o
w

 G
ro

w
th

R
e
fe

re
n
ce

R
e
fe

re
n
ce

2
0
0
7
 B

u
si

n
e
ss

 
A

s 
U

su
a
l

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

2
0

0
7
 T

re
n
d

s

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e
fe

re
n
ce

R
e

fe
re

n
ce

F
ig

u
re

 3
-5

 
S

ce
n

ar
io

s 
an

d
 S

en
si

ti
vi

ti
es

 

DRAFT 2009 IRP



 

3 - 18 

III. Key Assumptions 
 

A. Price Forecasts 

Electric price forecasts. Electric market price forecasts for each of the seven scenarios 

and for the Very High and Very Low Gas Price sensitivities were created using the 

AURORA model. AURORA calculates these forecasts based on economic, marketplace, 

and demand assumptions that are specific to each scenario and sensitivity.  

 

The market price forecasts shown in Figure 3-6 below3 congregate tightly around two key 

input assumptions: CO2 costs and natural gas prices. Throughout the analysis, these two 

factors have the largest influence on overall electric portfolio costs, a reflection of the high 

proportion of generation that is fueled by natural gas.  

 

Figure 3-6 
Comparison of Market Power Price Forecasts 
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3 Tables showing the monthly prices for all of the forecasted scenarios appear in the 

Appendix I, Electric Analysis. 

DRAFT 2009 IRP



 

3 - 19 

 

Scenario Levelized price 

per MWh 

Levelized Gas 

$/MMBtu 

CO2 cost per 

ton 

Green World $124 $12.53 $55 to $150

Very High Gas $120 $14.42  $37 to $130

High Growth $106 $12.53 $37 to $130

2007 Trends $91 $10.01 $37 to $130

2007 BAU $65 $10.01 $0.32

Low Growth $50 $7.24 $0.32

Very Low Gas $41 $5.60 $0.32

 

 

Gas price forecasts. Gas price assumptions were a combination of forward market 

prices, followed by fundamental forecasts acquired from Global Insight, a well known 

macroeconomic and energy forecasting consultancy.  Global Insight performs a 

comprehensive gas market analysis that includes regional, North American, and 

international factors (including Canadian markets and LNG imports).  Figure 3-7, below, 

illustrates the range of 20-year levelized gas prices used in the analysis. 

Figure 3-7  
Gas Price Forecasts 

(20-Year Levelized Sumas Prices – nominal $) 
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B.  Emissions Cost Assumptions 

Emissions costs, other than the capital and operating costs of certain pollution control 

equipment, are not a significant energy price factor today; however, in the near future, at 

least by 2012, we expect new regulations regarding greenhouse gases (CO2 for modeling 

purposes.) At this time, the people with whom we work to track legislative and regulatory 

issues believe that a regional or national cap and trade system is a reasonable measure 

and proxy for assumptions concerning future green house gas regulation.  To capture a 

range of uncertainty around CO2, PSE used a range of estimates as inputs. 

 

Low CO2 cost. These assumptions were based on existing Washington law RCW 80.70.  

This law applies to new fossil fuel fired thermal generation built within the state.  For 

modeling purposes, a reasonable simplification is that compliance requires payment of 

$1.63/ton of CO2 to cover 20% of emissions, or $0.32/ton. We apply this $0.32/ton to CO2 

emissions for the entire WECC. Low CO2 cost was modeled in the Low Growth, 2007 

BAU, and 2009 BAU scenarios. 

 

Moderate CO2 cost. This assumed a cap and trade regulatory scheme and used the 

ADAGE model CO2 prices published by the Environmental Protection Agency. These 

prices were then used to develop estimated prices that ranged from $37 per ton in 2012 

to $130 per ton in 2029. In this environment, CO2 costs are reflected in gas prices and 

power prices. Moderate CO2 cost was included in 2007 Trends, 2009 Trends, and High 

Growth scenarios. 

 

High CO2 cost. This was modeled using a cap and trade regulatory scheme and Wood 

Mackenzie’s “Carbon Casebook 2.” These prices were used to develop estimated prices 

that ranged from $55 per ton in 2012 to $150 per ton in 2029.  In this regulatory 

environment CO2 costs are reflected in gas prices and power prices. High CO2 cost was 

modeled in Green World. 

 

To find out when (and whether) these CO2 prices would change dispatch choices enough 

to reduce emissions in the WECC below 1990 levels, PSE applied the different scenarios 

across the entire region and used AURORA to calculate the resulting emissions. In 

Figure 3-8, below, the dashed horizontal line represents an estimate of 1990 emission 

levels. Here, Green World and Low Growth reach 1990 levels before 2020; 2007 Trends 

reaches 1990 levels after 2024; and High Growth and 2007 Business as Usual do not 

reach the target at all. 
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Figure 3-8 
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C. Resource Cost Forecasts  

PSE develops forecasts for several resource costs because the differing future economic 

conditions depicted by scenarios and sensitivities have different implications for resource 

costs. Included are forecasts for natural gas spot markets, electric spot markets, costs of 

different kinds of power plants and transmission, and costs of different natural gas 

transportation and storage alternatives. Table 3-8 below summarizes the supply-side 

resource costs used in the analysis. 
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