














Attachment B: Scenario assumptions

A. Technical assumptions

1. All scenarios:

* A 12 percent peak margin is maintained for all hours in the year.

* No changes are made to the generation portfolio of PacifiCorp until 2020. It is assumed that any
deficits projected by PacifiCorp will be met by purchases.

* Generation elements added after 2020 are for Utah demand only.

¢ Allrenewable resources are in-state resources.

* Existing wind capacity is modeled as a new in-state resource, for convenience. This results in
somewhat higher cost estimates.

* DSM Class | capacity in 2010 will continue to be available up to 2020.

* Interruptible capacity will grow from the 2010 value in proportion to growth in peak demand.

* Existing PacifiCorp hydropower and geothermal capacity in the East section attributable to Utah
(125 MW at 75 percent of the East section total of 156 MW) is maintained as part of existing
capacity throughout the 2010 to 2050 period.

* PacifiCorp, like other utilities, engages in both sales and purchases of electricity. The supply
scenarios and demand projections in this study exclude all such transactions. This gives rise to
some anomalies in the 2010 to 2019 period, but these are not relevant to the cost and planning
discussion. It is assumed that gaps would be met by purchases in this period. After 2020, this
study assumes that all generation needed is within Utah.

* Additions to capacity planned by PacifiCorp in the March 2010 IRP update for the 2010 to 2020
period are maintained in all scenarios. About 75 percent of the planned eastern section
additions are allocated to the PacifiCorp’s Utah service area.

2. Business-as-Usual scenario:

* Asnoted the BAU scenario is NOT the trajectory of PacifiCorp investments in the future. Rather,
it is a reference scenario that has continued major reliance on coal, with natural gas providing a
supplementary role, as at present.

* Existing fossil fuel plants are retired at 60 years.

* No CO, emission controls or constraints are assumed.

3. Nuclear/CCS scenario:

* The nuclear and coal with carbon capture and storage capacity will be about equal.

* Nuclear reactors are not assumed to have the currently sold large unit sizes. Rather, it is implicit
that if large sizes are built, the excess power will be sold out of state or that smaller sizes will be
available. This assumption provides a rather optimistic view of nuclear power financially, as
discussed in Chapter VI.
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* Existing fossil fuel plants are retired at 40 years, but the retirements between 2010 and 2020 are
kept at 60 years.

* A medium level of efficiency will be achieved relative to the BAU scenario.

* CCS will result in the storage of 80 percent of CO, emissions from coal with CCS plants.

4. Renewable scenarios

¢ Allrenewable resources will be within the state of Utah.

* Existing fossil fuel plants are retired at 40 years, but the retirements between 2010 and 2020 are
kept at 60 years.

* Asomewhat higher level of efficiency than the Nuclear/CCS scenario will be achieved.

* CCSwill result in gradually rising CO, storage, up to 80 percent of CO, emissions from combined
cycle natural gas-fired power plants by 2050 in the Renewables/Natural Gas/CCS scenario.

* Wind and solar resources will be added in proportion to each other and to storage to maintain
the reliability requirement of 12 percent reserve margin over the peak hour. Note that in the
case of the renewable scenarios, the peak demand is a relational system peak, as explained in
Chapter 2. That s, it occurs when the solar, wind, and storage resources are the lowest in
relation to the demand. It may occur at times of relatively low demand, or it may not. It will
vary from one year to the next.

* Year-to-year variations in solar and wind data are not taken into account.

B. Economic parameters

Table B-1 Capital costs used for constructing the base case cost estimates

All-in capital costs, $/kW, except cavern

Nuclear (Note 1) $8,000
Coal no CCS, BAU $3,000
Natural gas combined cycle $1,250
Wind $2,200
Concentrating solar power, no storage (Note 2) $2,200
Geothermal Utah average $5,300
CAES compressor $300
CAES expander $400
CAES balance of system $300
CAES cavern $/kWh (Note 3) S3

Notes: 1. Nuclear cost estimates for new projects vary a great deal and have been esimtated in the range of $6,000
to $10,000 per kW (all-in costs, including allowance for funds during construction). The Florida Power and Light
analysis [delivered] to the public utilies commission of that state estimates all-in costs for nuclear as 75 percent
larger than overnight costs."” Hence a range of $4,000 to $6,000 for all-in costs translates into a cost range of
about $7000 to $10,000. The Progress Energy project in Florida is estimated at $22 billion for 2,200 MW, but this
includes about $3 billion for transmission. Net of transmission, the cost is over $8,600 per kW. It should be noted
that both projects are heavily subidized by a Construction Work in Progress charge to ratepayers. The South Texas
Project of 2,700 MW is estimated at $18.2 billion, or about $6,740 per kW, but it should be noted that even before

12> EpL 2007, p. 250 of the 251 page pdf file
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project construction began costs estimates rose more than three-fold from less than $6 billion in 2007 to $18.2
billion in late 2009.'%°

2. No concentrating solar power plants are included in this study until 2020 (in the eUtah scenario) and until 2025
in the Renewables/natural gas scenario. The estimated cost used for CSP in the 2020 to 2050 period is projected
for the 2020 to 2030 decade. See, for instance, CEC 2009, p. 20.

3. The CAES cavern cost is per kWh. For CAES, EPRI-DOE 2004 has been used as the basic source.””’ The capital
costs for CAES in the EPRI-DOE report have been doubled for 2010, in keeping with the cost escalation of wind and
NGCC, and kept constant thereafter. No cost reduction due to extensive deployment is assumed. The cavern cost
for solution-mined salt caverns in the EPRI-DOE report is estimated at $1.75 per kWh for a 10-hour storage cavern,
with costs going down for larger storage times and vice versa (EPRI-DOE 2004 Table 15-1 (p. 15-3)). Since the
storage amounts in this report are longer than 10 hours, a reference value of $1.50 was assumed in the context of
the study and doubled to $3/kWh to bring it in line with the costs of most other energy projects.

Table B-2 Parameters: Parameters used for different energy technologies
Net cost of . Capacity Total O&M, including
Technology capital Life, years factor fuel, $/MWh

Nuclear 12% 40 90% 20
Combined cycle natural gas 8% 30 80%/35% 39.50

See note 6
Wind 8% 25 29% 10
Csp 8% 25 27% 25
Geothermal 8% 40 85% 20
Coal no CCS 8% 40 80% 28.80
CAES Expander/Compressor 8% 25 Variable variable
Cavern 8% 40 Variable

Notes: 1. The 8 percent cost of capital is in the middle of the range for an average Default Investor Owned Utility
and a Merchant plant. (CEC 2009 Table 18 (p. 51))

2. 0&M costs, base case, assume natural gas fuel cost of $5 per million Btu and coal costs of $1.38 per million Btu,
as per the advice of the Advisory Board of this project. The nuclear fuel cost of $7 per MWh is about the present
industry average. The non-fuel nuclear O&M cost for the base case is assumed at $13 (and $10 for the low case).
For other O&M costs, the Energy Information Administration’s Annual Energy Outlook input data and National
Renewable Energy Laboratory data were consulted. (NREL 2008 p. 28 (for wind), EIA 2010a (levelized cost
section—all types), Stoddard et al 2006 Table 5-3 (for CSP), and CEC 2009, all types)

2. CAES: Heat rate = 4,500 Btu/kWh Non-fuel O&M costs vary by component and are a few dollars per MWh.
Total O&M costs, including fuel, are shown here; fuel costs are also separately shown.

3. The natural gas cost in the base case is $5 per million Btu and the heat rate used is 6,500 Btu/kWh (52.5 percent
efficiency) for new plants. GE advertises new natural gas combined cycle power plants as having 60 percent
efficiency, which gives a heat rate of 5,690 Btu/kWh.128 However, there was no readily available installed cost
estimate for these plants and hence the higher heat rate was used in the estimates in this report. For coal 0&M
costs

4. Solar and wind: Capacity factors are for the combination of sites selected. For CSP, the value used is near the
upper end of the capacity factors estimated for single axis dry-cooled parabolic trough CSP plants in UREZ Il (UREZ
2010, p. 4-4). For wind, the capacity factor used is in the middle of those cited in UREZ | 2008, Table 7, for sites
with winds averaging 7 meters per second or more.

2% Hamilton and Caputo 2009

27 EPRI-DOE 2004

See the GE Energy website at

http://www.gepower.com/prod serv/products/gas turbines cc/en/h system/index.htm, viewed on November
30, 2010.
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5. For technologies with a lifetime of less than 40 years, the present value of a replacement prorated for the
remaining years is added to the capital cost. For example, the expander cost of $400 per kW is increased by $56.
The present value of $400 invested 25 years hence, discounted at 6 percent is $93.20. But this has a life of 25
additional years, or 10 years beyond the 40 year reference time. So only (15/40)*93.20 = $55.92 is added to the
capital cost of the expander. A similar calculation is done for other combined cycle, wind, and concentrating solar
power plants, as well as the compressor part of the CAES.

6. Combined cycle natural gas plants are used in a baseload mode in the three renewable scenarios at 80 percent
capacity factor and in the intermediate load mode in the Nuclear/CCS scenario at 35 percent capacity factor. The
capital charges are adjusted accordingly. For simplicity, total O&M costs are not changed since they are
dominated by fuel costs in both cases.

Table B-3: Demographic, economic, and electricity growth parameters for the scenarios

Average electricity growth BAU 1.91%
Assumed BAU ratio electricity to economic growth 0.53
Implicit economic growth rate 3.61%
Average population growth rate 1.81%
Per person economic growth rate 1.80%
Size of economy in 2050 relative to 2010 4,12
Utah GDP in 2010, $ $111,000,000,000
Utah GDP in 2050, $ $457,796,169,539
Utah population, 2010 2,927,643
Utah population, 2050 5,989,089
PacifiCorp electricity and economy fraction in Utah 80%
GDP per person in 2010, $ $37,002
GDP per person in 2050, $ $76,438
PacifiCorp generation cost per MWh in 2010 (Note 3) $41.19
PacifiCorp generation cost, 2010 (estimated) $1,000,698,611
2010 generation cost as % of GDP 1.13%
2010 households 958,165
2050 households 2,200,285
2010 generation cost per person (all sectors) $342

Sources: State of Utah population projections. Also see the notes.

Notes: 1. The ratio of 0.53 of electricity growth rate to economic growth rate is based on the 2000 to 2007
historical rate. This may overestimate demand relative to economic growth since the trend has been for this ratio
to decline.

2. The generation cost per person is NOT the annual individual direct cost of residential electricty. Rather, it
represents the total electricity generation expenditures per person for all sectors in Utah—residential, commercial,
industrial, and agricultural. In other words, it represents direct personal expenditures on electricity as well as
indirect expenditures in other sectors.

3. Generation cost of $41.19 for 2009 was provided by PacifiCorp, personal communication with Arjun Makhijani, 6
December 2010. This value is assumed constant for existing generation for the BAU scenario and for other
scenarios until 2033 (inclusive), when all existing coal plants are retired in these scenarios. This means that we
assume no new investments in existing plants, though some may be planned, for instance for pollution control.

For non-BAU scenarios during 2034 to 2050, a value is derived using a heat rate of 9,000 Btu for the mix of
remaining natural gas generating stations, using the prices of gas as recommended by the Board ($3 to $10), with a
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base case value of $5 per million Btu, with a $10 per MWh non-fuel O&M cost. The results for 2050 are not
sensitive to these assumptions.

C. Parameters for sensitivity calculations

Cost parameters used in the sensitivity calculations are described below. Note that when no variation is
mentioned the parameters are kept the same as in the base case, which has been described in detail
above. Six cases were tested:

1. High fossil fuel and nuclear O&M costs: natural gas = $10 per million Btu, coal = $3 per million
Btu, nuclear fuel = $17 per MWh and nuclear O&M = $27 per MWh. The high nuclear fuel and
O&M cost is taken from the Keystone Joint Fact Finding, which had the participation of the
nuclear industry as well as other experts.'*

2. Low fossil fuel and nuclear O&M: natural gas = $3 per million Btu, coal = $1 per million Btu,
nuclear fuel = $7 per MWh and nuclear O&M = $10 per MWh.

3. High nuclear capital cost and risk: capital cost = $10,000/kW (all-in, including allowance for
funds during construction) and cost of capital = 14 percent.

4. Low nuclear capital cost: $7,000/kW and 10 percent cost of capital.

High solar and wind cost; concentrating solar power cost = $3,000/kW and wind = $2,500/kW.

6. Low solar and wind capital cost: concentrating solar power cost = $1,500/kW and wind =
$1,500/kW.

g

129 Keystone 2007 p. 11
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