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1.0 Executive Summary

This report examines the feasibility of a pumped storage project in Egypt. The
study was performed for the United States Agency for International Development
(USAID) and was administered by the Hydro Power Plants Executive Authority
(HPPEA) in conjunction with the Egyptian Electricity Authority (EEA). The Study
was performed by Ebasco Overseas Corporation in association with Black and Veatch
International (BVI), Sheladia Associates, Inc.,, Arab Consulting Engineers, and
Sabbour Associates.

1.1 Introduction
The objective of the study is to assist the HPPEA in evaluating the advisability
of undertaking the project. The study integrates the technical, environmental,
financial, and economic aspects of the pumped storage project.
The study is being performed in three separate but related phases:
® Phase 1 consists of an appraisal of the future generating capacity require-
ments based on demand and energy forecasts, identification of capacity
additions to meet an appropriate reserve capacity level, an evaluation of
alternative capacity additions, including pumped storage, to meet the
projected demand and energy forecast and identification of the least cost
alternative project.
® Phase 2 will be dependent upon pumped storage hydro capacity being identi-
fied in Phase 1 as the least cost alternative capacity. Phase 2 will consist of
the evaluation of the potential sites for a pumped storage hydro plant and
the consultant’s selection of the best site for the plant.
® Phase 3 will consist of the preparation of a full engineering/economic
feasibility study of the pump storage site identified in Phase II

1.2 Background

Pumped storage hydro plants use lower cost off-peak generation to pump water
into an upper reservoir. That same water is then used on peaks to displace higher
cost generation. The pumped storage hydro project is envisioned to be on the west
side of the Gulf of Suez approximately 85 km south of Suez City. The upper
reservoir would be on the El Galala Plateau. The Gulf of Suez would be used as the
source of water and would be desalinated to fill the lower reservoir and to provide
makeup water during plant operation.

091693 1-1
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The data and assumptions used to perform this study were developed in close
cooperation with the EEA and the HPPEA. As agreed upon in discussions and cor-
respondence with EEA and HPPEA, two base cases were evaluated for the genera-
tion expansion plan. One case assumed that all combined cycle and combustion tur-
bines would use natural gas. The second case assumed that the combustion turbines
would run on No. 2 oil. The pumped storage project was substituted into each base
plan, replacing equivalent combustion turbine capacity.

The economic evaluation was accomplished by performing a generation
production cost run including the years 1995 through 2024. Production costs include
fuel, operation and maintenance, and unit startup expenses. Annual capital costs
were combined with production costs to determine a total annual generation cost.
The basis of the comparison was the 1993 cumulative present worth of the annual
cash flows for the study period.

Screening curve analysis indicated that combined cycle units are the most
economical baseload option. However, prudent utility practice precludes the addition
of one type of unit to the exclusion of all others. Thus, as agreed with EEA,
combined cycle capacity was limited to a maximum of 15 percent of the total
capacity. Similarly, coal fueled capacity was limited to S percent of the total installed
capacity.

A pumped storage project provides benefits other than fuel savings. The pumped
storage project does not have the capacity derate experienced by combustion turbines
due to high ambient temperature, and, at the same time, has a higher reliability
(lower forced outage rate) than do combustion turbines. Consequently, more combus-
tion turbine capacity than pumped storage capacity is required to achieve equivalent
reliability. To account for the temperature derate and the difference in reliability,
the capital cost of the combustion turbines was adjusted accordingly.

Electrical generation systems must be prepared tc respond to generation outages.
To accomplish this, utilities keep more thermal generation on line than is required
to serve the load. This excess on-line generation is called spinning reserve. Pumped
storage units can be brought on line in very short order, thus reducing, but not
eliminating, this need for spinning reserve.

1.3 Economic Evaluation

The economic evaluation indicates that under the base assumptions, the pumped
storage project in the natural gas expansion plan has a comparative 1993 cumulative
present worth cost over the study period years 1995 through 2024 which is

091693 1-2



351 million higher than the same plan without pumped storage. Figure 1-1 presents
the differential annual comparative cash flows.

Figure 1-1 indicates that the project costs approximately $10 million more
annually for the first 20 years. There is a large step in the year 2023 at which point
the project provides a savings of approximately $26 million. The pumped storage
plan has six fewer gas turbines installed in 2003 than the plan without pumped
storage. In 2023 these six additional gas turbines must be replaced in the plan
without pumped storage because their life is assumed to be 20 years. Because the
pumped storage life is assumed to be 50 years, the six gas turbines do not need to
be replaced in the pumped storage case. Therefore, additional capital must be
expended in the plan without pumped storage in 2023, making it more expensive at
that point.

Consideration of the remaining years of life of the pumped storage project from
2025 through 2052, called the end-effects period, is important to the present worth
evaluation of the project, as demonstrated on Figure 1-1. The end-effects period
evaluation takes into consideration the higher capital cost due to escalation of the
replacement combustion turbines in 2023 and again in 2043, as well as the production
cost savings of the pumped storage project from 2025 through 2052.

The end-effect period produces a 1993 cumulative present worth savings for the
pumped storage plan of $§56 million. Thus, over the assumed 50 year life of the
pumped storage project, the 1993 present worth total generation cost savings of the
pumped storage plan is $5 million, as shown in Table 1-1.

The economic evaluation of the second expansion plan with combustion turbines
burning No. 2 oil indicates that the plan with pumped storage provides a comparative
1993 cumulative present worth savings over the years 1995 through 2024 of
$49 million over the plan without pumped storage. Figure 1-2 shows the differential
annual comparative costs for both plans.

Figure 1-2 indicates that in the plan with combustion turbines on No. 2 oil, the
pumped storage project produces lower annual cash flows beginning in 2008. The
project also becomes more economical on a cumulative present worth basis in 2013.

Consideration of the end-effects period adds a 1993 cumulative present savings
of $143 million for the pumped storage plan. Table 1-1 shows a 1993 present worth
total generation cost savings of $192 million for the pumped storage plan over its
assumed 50 year life.

As previously stated, pumped storage projects can provide benefits beyond pure
fuel savings. Such supplementary benefits are frequently identified as dynamic
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benefits and have been assessed in this study. The total potential dynamic benefit
available to the storage alternative is estimated at $35 million.

The construction of a pumped storage project in lieu of equivalent combustion
turbines will provide a larger positive economic benefit to the Egyptian economy.
During the assumed construction period, this benefit will inject $143 million (1993
dollars) more into the local economy while, during the same period, providing
approximately 3,000 additional person years of employment. The Total Economic
Evaluation, summarized in Table 1-2, includes the dynamic and socioeconomic
benefits in addition to the total generation savings. Inclusion of these items increases
the pumped storage benefits to $188 million and $375 million for the two base
expansion plans.

1.4 Conclusions

® In the natural gas expansion plan the pumped storage project has a small
primary benefit present worth savings of $5 million over the lifetime of the
project. Inclusion of secondary benefits increases the present worth savings
to $188 million.

® In the plan with combustion turbines on No. 2 oil, the pumped storage proj-
ect produces significant present worth savings of $192 million over the life-
time of the project. Inclusion of secondary benefits increases the present
worth savings to $375 million.
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Table 1-1
Economic Evaluation
1993 Present Worth
($ Million)

Natural Gas

No. 2 Oil

Cumulative Present Worth of
Pumped Storage Cost Savings

49
143
192

Study Period (51)
End Effects Period 56
Life of Project Benefit S
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Table 1-2
Total Economic Evaluation
1993 Present Worth
($ Million)

e a————— —————————1|

Natural Gas No. 2 Oil
Cumulative Present Worth
Total Generation Cost Savings | S 192
Dynamic Benefits 35 35
Socioeconomic Benefits 148 148
Total Project Benefit 188 375
1-6
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2.0 Introduction

2.1 General

This report presents the results of Phase I of the Pump Storage Hydroelectric
Power Station Study (Study). The Study was performed for the United States Agency
for International Development (USAID) in conjunction with the Government of the
Arab Republic of Egypt acting through the Egyptian Electricity Authority (EEA) and
the Hydro Power Plant Executive Authority (HPPEA). HPPEA is designated for
planning and implementation of construction projects related to hydraulic generation
of electric energy. Upon completion of a hydroelectric power station, the facilities
are transferred to EEA for operation and maintenance. The Study was performed
by Ebasco Overseas Corporation (Ebasco) in association with Black & Veatch Inter-
national (BVI), Sheladia Associated, Inc., Arab Consulting Engineers, and Sabbour
Associates. Phases II and III of the Study, if approved by USAID, will be performed
later.

2.2 Background

The basic concept of pumped storage hydro involves pumping water from a lower
reservoir for storage into an upper reservoir, and then generating electricity by using
the same water flowing from the upper reservoir through turbine generators back
into the lower reservoir. The cycle is repeated on a daily or weekly basis,

The economic benefit of pumped storage comes from pumping with low-cost off-
peak energy (generally at night) and generating on peak to displace high-cost energy.
Since both pumping and generating cycles involve inefficiencies, the net result is a
loss of energy in the overall pumped storage cycle. If the total cycle efficiency is
greater than the ratio of low-cost to high-cost energy, then there is the potential for
fuel vost savings. Additional production costs may be saved by such things as
reduced operation and maintenance costs, reduced unit startup costs, reliability
enhancement, voltage and VAR support, load following, and a reduced spinning
reserve requirement. However, for pumped storage to be economical, sufficient
production costs must be saved to cover the capital cost and other fixed costs
associated with the project.

HPPEA is contemplating the construction of a 600 MW pumped storage hydro
power station on the west side of the Gulf of Suez. A number of sites are under
consideration at this time. Site selection is the subject of Phase IJ of the study.
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Several alternative pumped storage development schemes have been considered.
For the purpose of this study, the closed cycle type of development has been
assumed. Makeup water will be obtained from the Gulf of Suez and will be
desalinated.

2.3 Methodology
2.3.1 General

‘The study identifies electricity production costs associated with the optimal
expansion plan without pumped storage through the year 2024. Production costs
include fuel and O&M costs as well as capital costs for any new generation projects
incorporated. Production costs are modeled by POWRPRO which is described in
Appendix A. The optimal pumped storage hydroelectric power station expansion
plan is evaluated against the production and capital costs of the optimal non-
pumped storage expansion plan. The basis for the economic evaluation is a compari-
son of the cumulative present worth of total annual cosi. for both plans through the
study period.

2.3.2 Existing and Committed Facilities

Section 3.0 describes the existing and committed facilities on the Unified Power
System (UPS), which includes both thermal and hydroelectric generation. Section 3.0
also describes units which are committed to be in operation by the year 2000.
Appendix B describes the existing transmission system and substations.

2.3.3 Load Forecast

The load forecast is the basis for the generation capacity expansion plan and the
production costs required to serve future UPS requirements. EEA provided the load
forecast that was used as the base case. A description of the load forecast
methodology is given in Section 4.0.

2.3.4 Load Model Development

Section 5.0 describes the process which was undertaken to build an hourly load
fite for the study period. The hourly load file is developed using historical hourly
load data and the projected fiscal year peak de nand and energies.
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2.3.5 Capacity Expansion Requirements

Section 6.0 discusses the capacity expansion requirements through 2024
Capacity expansion is based on the load forecast, existing unit retirements, and a
20 percent reserve margin.

2.3.6 Evaluation Criteria

Evaluation criteria including economic assumptions and fuel price projections are
provided in Section 7.0. The economic criteria were used to determine fixed costs
associated with various capacity addition projects. The fuel cost projections were
based on estimates made by the World Bank . The fuel cost projections were used
during production cost modeling to calculate total system fuel costs associated with
the optimal generation expansion plans with and without pumped storage.

2.3.7 Generation Expansion Alternatives

Section 8.0 describes various types of generation which were tested to economi-
cally satisfy future generation requirements. This section provides capital costs as
well as all operating characteristics required for production cost modeling.

2.3.8 Economic Evaluation

Section 9.0 contains the economic evaluation which compares the optimal gener-
ation expansion plans with and without the pumped storage project. [Initially,
optimal expansion plans without pumped storage were developed. The optimum
expansion plans without pumped storage were developed considering both production
costs and financing costs associated with new generation additions. The production
cost model POWRPRO was used to provide production cost, including fuel,
operation and maintenance, and startup costs. POWRPRO is a chronological
(hourly) production cost model which has the ability to model pumped storage
generation units.

The pumped storage expansion plans were then developed. These plans also
included both production costs and capital costs. Costs in future years were
discounted by the present worth factor. The optimal generation expansion plans with
and without the pumped storage unit were compared on the basis of 30 years of
present worth production anu financing costs (1995 through 2024).

091693 2-3
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The optimal expansion plans with and without the pumped storage project were
also evaluated for sensitivity to changes in certain selected parameters,

2.4 Dynamic Benefits of Pumped Storage
Section 10.0 discusses the dynamic benefits of pumped storage:
Reduced spinning reserve.
Load following enhancement.
Unit commitment savings.
Reduced system minimum loading.
Voltage and power factor correction.
Frequency regulation.
Reduced thermal plant cycling,
Improved system reliability.
The value for the dynamic benefits is estimated in Section 10.0.

2.5 Environmental Evaluation

Section 11.0 presents the bene<fits and environmental effects of the combustion
turbine versus pumped storage alternatives. The differences in social and economical
impacts between combustion turbine construction and pumped storage construction
are also considered.

091693 2-4

-\V



3.0 Description of Existing Capacity

The Unified Power System (UPS) consists of approximately 11,330 MW of
installed capacity. Approximately 24 percent (2,715 MW) is hydro; the remaining
76 percent (approximately 8,615 MW) is fossil fueled. Only about 9,462 MW is avail-
able to serve load because of unit derates and average available water flow.

3.1 Thermal Units

The UPS oil and gas fueled facilities consist of steam and combustion turbine
units. Approximately 18 percent is combustion turbine capacity, and the remainder
is steam capacity. A summary of the units including size, fuel type, commercial
operation date, and projected date of retirement is provided in Table 3-1.

3.2 Hydroelectric Resources

Hydro facilities for the UPS consist of a block of capacity located in the Upper
Egypt zone. The block consists of 13 units at the Aswan Dam and 12 units at the
High Dam. Approximately 2,045 MW of hydroelectric capacity is available during
an average water year. A summary of the units, including size and commercial
operation date, is provided in Table 3-1. The hydroelectric resource model for the
study is described in Appendix C.

3.3 Committed Capacity Expansion Plan

UPS committed generation expansion plan consists of adding approximately
5,194 MW of capacity by 2000. Approximately 13 percent (690 MW) of the capacity
additions consist of converting existing combustion turbines to combined cycle;
3.5 percent (184 MW) consists of new hydroelectric unit resources. The remainder
of the additions consist of natural gas and heavy oil fueled steam units. Summaries
of the committed generation expansion plan and projected hydroelectric unit
additions are provided in Table 3-2 and Table 3-3.

Table 3-4 presents the derivation of the total new capacity for 1793. Table 3-4
shows one new unit (Tulkha Ext 1) and three combined cycle conversions
(Demiatta 1, 2, and 3) in 1993, for a total net available capacity of 1,293.3 MW.
However, the existing Demiatta GTs 1 through 6 were converted into combined cycle
units. Thus, 615 MW must be subtracted from 1,293.3 MW to provide a net increase
of 681.3 MW in 1993,

Similarly, Tables 3-5 and 3-6 present the net increase in capacity for 1994 and
1995 respectively. Later years do not have any unit conversions so that net additions
are simply taken from Table 3-2.
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Table 3-1
. Summary of Capacity for the Unified Power System
Deita Zone
Year of
Gross Gross Net Conversion
Rated Awvallable Available | Commercial | to
‘ Capacity | Capacity Capacity Operation Combined Retirement
Unit Name Fuel Type (MW) (MW) (MWwW)* Date Cycle Date
Kafar El Dawar 1 HFO 110 80 745 1980 2015
Kafar El Dawar 2 HFO 110 80 4.5 1980 2015
Kafar Ei Dawar 3 HFO 110 80 745 1984 2019
Kafar E! Dawar 4 HFO 110 80 745 1986 2021
Talkha 4 HFO 30 3 35 1966 2001
Talkha 5 HFO 30 25 235 1966 2001
Talkha 6 HFO 30 25 235 1967 2002
Talkha CC 1 NG,HSD 284 230 2229 1989 2014
Damanhour 1 HFO 15 10 9.3 1960 1995
Damanhour 2 HFO 15 10 93 1960 1995
Damanhour 3 NG,HFO 65 40 368 1968 2003
Damanhour 4 NG,HFO 65 40 36.8 1968 2003
Damanhous § NG,HFO 65 40 368 1969 2004
Damanhour 6 NG,HFO 300 270 255.0 1990 2025
Damanhour GTI NG,HSD A 20 195 1985 194 2019
Damanhour GT2 NG,HSD 24 20 195 1985 1994 2019
Damanhour GT3 NG,HSD A 20 195 1985 1994 2019
Damanhour GT4 NG,HSD 24 20 195 1985 19%4 2019
Mahmoudia GT1 NG,HSD 45 36 3.1 1981 2001
Mahmoudia GT2 NG,HSD 45 36 35.1 1981 2001
Mahmoudia GT3 NG,HSD 45 36 35.1 1981 2001
Mahmoudia GT4 NG.HSD 45 36 35.1 1982 2002
Mahmoudia GTS NG.HSD A 20 195 1983 194 2019
Mahmoudia GT6 NG,HSD 24 20 195 1983 1994 2019
Mahmoudia GT7 NG,HSD 24 20 195 1983 1994 2019
Mahmoudia GT8 NG,HSD 24 20 195 1983 1994 2019
Mahmoudia GT9 NG,HSD A 20 195 1983 1994 2019
Mahmoudia GT10 | NG,HSD 24 20 195 1983 194 2019
_Mahmoudia GTi1 NGHSD 24 | 20 195 1983 1994 2019
091693 32




Table 3-1 (Continued)

Summary of Capacity for the Unified Power System

Delta Zone (Continued)

Year of

Gross Gross Net Conversion

Rated Available Available | Commercial | to

Capaaity | Capaaty Capacity Operation Combined Retirement
Unit Name Fuel Type (MW) (MW) (MW)* Date Cycle Date
Mahmoudia GT12 NG,HSD 24 20 195 1983 1994 2019
Demiatta | NG,HSD 125 105 1025 1989 1993 2018
Demiatta 2 NG,HSD 125 105 1025 1989 1993 2018
Demiatta 3 NG,HSD 125 105 1025 1989 1993 2018
Demiatta 4 NG,HSD 125 105 1025 1989 1993 2018
Dematta S NG,HSD 125 105 1025 1989 1993 2018
Deniiatta 6 NG.HSD 125 105 1025 1989 1993 2018
Delta Zone 2,559 2,049 1,964.8

ratings,

091693
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Table 3-1 (Continued)

Summary of Capacity for the Unified Power System

Canal Zone
Year of

Gross Gross Net Conversion

Rated Available Availlable | Commercial | to

Capacity | Capacity Capacity Operation Combined Retirement
Unit Name Fuel Type (MW) (MW) (MwW)* Date Cycle Date
Abu Soltan 1 NG,HFO 150 135 1275 1983 2018
Abu Soltan 2 NG,HFO 150 135 1275 1983 2018
Abu Soltan 3 NG,HFO 150 135 1275 1984 2019
Abu Soltan 4 NG,HFO 150 135 1275 1986 2021
Attaka 1 NG.HFO 150 135 1275 1985 2020
Attaka 2 NG,HFO 150 135 1275 1985 2020
Attaka 3 NG,HFO 300 270 255.0 1987 2022
Attaka 4 NG.,HFO 300 270 2550 1989 2024
Suez 1 COAL,HFO 22 20 18.2 1965 2000
Suez 2 COAL,HFO 2 20 18.2 1965 2000
Suez 3 COAL,HFO 2L 20 18.2 1965 2000
Suez 4 COAL.,HFO 22 20 18.2 1965 2000
Suez 5 COAL,HFO 97 97 89.2 1990 2025
Suez GT1 NG,HFO 17 10 86 1976 1996
El Shabab GT1 NG,HSD 3 25 4.3 1982 2002
El Shabab GT2 |} NG,HSD 33 r1 43 1982 2002
Et Shabab GT3 NG,HSD 3 i 243 1982 2002
Port Said GT1 NG,HSD 21 16 15.6 1977 1997
Port Said GT2 NG,HSD 23 16 155 1977 1997
Ismaiha GT1 HSD 20 16 15.6 1977 1997
Canal Zone 1,866 1,660 1,565.6

ratings.

091693

*Net avatlable capacity is calculated by applying typical auxiliary load requircments to the gross available capacity
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Table 3-1 (Continued)
Summary of Capacity for the Unified Power System
—_—e e
Alexandna Zone
Year of

Gross Gross Net Conversion

Rated Available Available Commercial to

Capaaity Capacity Capacity Operation Combined Retirement
Unit Name Fuel Type MW) (MW) (MW)* Date Cycle Date
Abu Kir 1 NG,HFO 150 135 1275 1983 2018
Abu Kir 2 NG,HFO 150 135 1275 1983 2018
Abu Kir 3 NG, HFO 150 135 1275 1984 2019
Abu Kir 4 NG,HFO 150 135 1275 1984 2019
Abu Kir 5 NG,HFO 300 270 2550 1991 2026
El Siouf | HFO 27 23 217 1961 1996
El Siouf 2 HFO 27 23 217 1961 1996
El Siou* 3 HFO 30 23 215 1969 2004
El Siouf 4 HFO 30 23 215 1969 2004
El Siouf GT1 NG,HSD 20 2 216 1980 2000
El Siouf GT2 NG,HSD 3 22 213 1981 2001
El Siouf GT3 NG,HSD 33 22 213 1981 2001
El Siouf GT4 NG,HSD 3 22 213 1982 2002
El Siouf GTS NG,HSD 33 22 213 1983 2003
El Siouf GTé NG,HSD 3 22 213 1983 2003
El Siouf GT7 NG,HSD 33 2 21.3 1983 2003
Alexandna Zone 1233 1,056 1,001.0

*Net available capacity is calculated by applying typical auxiliary load requirements to the gross available capacity ratings.
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Table 3-1 (Continued)
Summary of Capacity for the Unified Power System

e ere————————————————————
e —— ——

Cairo Zone
Year of

Gross Gross Net Conversion

Rated Available Available Commercial o

Capacity Capacity Capacity Operation Combined Retirement
Unit Name Fuel Type (MW) (MW) (MW)* Date Cycle Date
Shoubra | NGHFO s 300 2843 1984 2019
Shoubra 2 NG,HFO 315 300 284.3 1985 2020
Shoubra 3 NG,HFO 35 300 2843 1985 2020
Shoubra 4 NGHFO 315 300 284.3 1988 2023
Shoubra GT1 NG 35 0 0.0 1986 2006
Cairo West 1 HFO 88 75 70.6 1966 2001
Cairo West 2 HFO 88 75 70.6 1966 2001
Cairo West 3 HFO 88 75 70.6 1966 2001
Cairo West 4 HFO 88 75 70.6 1979 2014
Cairo South 3 HFO 60 55 520 1957 REHAB 93 | 2003
Cairo South 4 HFO 60 55 520 1957 1995 2020
Cairo South § HFO 60 55 520 1965 1995 2020
Cairo South 6 HFO 60 55 520 1965 1995 2020
Cairo South GT1 NG,HSD 110 %0 878 1989 1995 2020
Cairo South GT2 NG,HSD 110 %0 878 1989 1995 2020
Cairo South GT3 NG,HSD 110 9% 878 1989 1995 2020
E!l Tebbin 1 HFO 15 13 123 1958 1993
El Tebbin 2 HFO 15 13 123 1958 1993
E!l Tebbin 3 HFO 15 13 123 1959 1994
El Tebbin GT1 NG,HSD 23 20 195 1979 1999
El Tebbin GT2 NG,HSD px] 20 195 1979 1999
Heliopolis GT1 NG,HSD 13 10 9.8 1980 2000
Heliopolis GT2 NG,HSD 13 10 9.8 1980 2000
Heliopolis GT3 NG,HSD 13 10 9.8 1980 2000
Helwan GT1 NG,HSD 24 20 195 1980 2000
Helwan GT2 NG,HSD 24 20 195 1980 2000
Helwan GT3 NG,HSD 24 20 195 1980 2000
Helwan GT4 NG,HSD 24 20 195 1980 2000
Helwan GTS NG,HSD 4 20 195 1980 2000

—_——t——
091693 3-6




e ————————— ]

F» ov———— :
Table 3-1 (Continued)
Summary of Capacity for the Unified Power System
Cairo Zone (Continued)
Year of
Gross Gross Net Conversion
Rated Available Available Commercial to
Capacity Capacity Capacity Operation Combined Retirement
Unit Name Fue! Type (MW) (MW) (MW)* Date Cycle Date
Wadi Houf GT1 NG,HSD 33 27 26.3 1985 2005
Wadi Houf GT2 NG, HSD 33 27 263 1985 2005
Wadi Houf GT3 NG,HSD 33 27 26.3 1985 2005
Cairo Zone 2564 2,280 21726

*Net available capacity is calculated by applying typical auxiliary load requirements to the gross available capacity ratings.
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Table 3-1 (Continued)
Summary of Capacity for the Unified Power System
Upper Egypt Zone
Year of
Gross Gross Net Conversion
Rated Available Awvailable Commercial to
Capacity Capacity Capacity Operation Combined Retirement
Unit Name Fuel Type (MW) (MW) (Mwy* Date Cycle Date
Asuit 1 HFO 30 4 225 1966 2001
Assuit 2 HFO 3 4 225 1967 2002
Assuit 3 HFO 30 24 25 1967 2002
Assuit EXT 1 NG,HFO 300 300 285.0 1992 2027
Aswan |- Hydro 46 1960
Aswan 1-2 Hydro 46 1960
Aswan 1-3 Hydro 46 1960
Aswan 14 Hydro 46 1960
Aswan 1-5 Hydro 46 1960
Aswan 1-6 Hydro 46 1960
Aswan 1.7 Hydro 46 1960
Aswan 1-8 Hydro 12 1960
Aswan 1-9 Hydro 12 1960
Aswan 2.1 Hydro 68 1985
Aswan 2-2 Hydro 68 1985
Aswan 2-3 Hydro 68 1985
Aswan 24 Hydro 68 1985
High Dam 1 Hydro 175 1967
High Dam 2 Hydro 175 1967
High Dam 3 Hydro 175 1967
High Dam 4 Hydro 175 1968
High Dam 5§ Hydro 175 1968
High Dam 6 Hydro 175 1969
High Dam 7 Hydro 175 1969
High Dam 8 Hydro 175 1969
High Dam 9 Hydro 175 1970
e — e
091693 3-8
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Table 3-1 (Continued)
Summary of Capacity for the Unified Power System

Upper Egypt Zone (Continued)

]

Year of

Gross Gross Net Conversion

Rated Available Available Commercial to

Capacity Capacity Capacity Operation Combined Retirement
Unit Name Fuel Type (MW) (MW) (MwW)* Date Cycle Date
High Dam 10 Hydro 175 1970
High Dam 11 Hydro 175 1970
High Dam 12 Hydro 175 2045° 2045.0
Upper Egypt Zone 3108 417 23975
Total All Zones 11,330 9,462 9,101.3

e ———

*Net available capacity is calculated by applying typical auxliary load requirements 1o the gross available capacity ratings.

**Total hydro.

091693
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Table 3-2
Through 2000

Summary of Committed Capacity for the Unified Power System

Gross Gross Net
Rated Available Available Commercial
Capacity Capacity Capacity Operation Retirement
Unit Name Fuel Type (MW) (MW) (MW)* Date Date
Talkha EXT 1 NG.HFO 210 210 1995 1993 2028
Talkha EXT 2 NGHFO 210 210 199.5 1997 2032
Cairo West EXT 1 NG,HFO 300 300 285.0 1994 2029
Cairo West EXT 2 NG,HFO 300 300 285.0 1995 2030
Kunmat 1 NG,HFO 600 600 5700 1996 2031
Kurimat 2 NG,HFO 600 600 5700 1997 2032
Assuit EXT 2 NG.HFO 300 300 285.0 1995 2030
Demiatta CC1
Demiatta 1 (existing) 125
Demiatta 2 (existing) 125
Steam Turbine (new) 125
NG 375 375 365.6 1993 2018
Demiatta CC2
Demiatta 3 (existing) 125
Demiatta 4 (existing) 125
Steam Turbine (new) 125
NG 375 375 365.6 1993 2018
Demiatta CC3
Demiatta 5§ (existing) 125
Denmuatta 6 (existing) 125
Steam Turbine (new) 125
NG 375 375 365.6 1993 2018
Cairo South CCl NG 165 165 160.9 1995 2020
Cairo South CC2
Cairo South GT1 (existing) 110
Cairo South 4 (existing) 55
NG 165 165 160.9 1995 2020
Cairo South CC3
Cairo South GT2 (existing) 110
Cairo South 5 (existing) 55
NG 165 165 160.9 1995 2020
Cairo South CC4
Cairo South GT2 (existing) 110
Cairo South 6 (existing) 55
NG 165 165 160.9 1995 2020

*New available capacity is calculated by applying typical auxiliary load requirements to the gross available capacity ratings.

091693
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Table 3-2 (Continued)
Summary of Committed Capacity for the Unified Power System
} Through 2000

Gross Gross Net
Rated Available | Available Commercial Retirement
Capacity Capacity Capacity Operation Date
Unit Name Fuel Type (MW) (MW) (Mw)* Date
Damanhour CCl
Damanhour GT | (existing) 242
Damanhour GT 2 (existing) 4.2
Damanhour GT 3 (existing) 4.2
Damanhour GT 4 (existing) 24.2
Steam Turbine (new) 5C
NG 146.8 146.8 143.1 1994 2019
Mahmoudia CCl
Mahmoudia GTS (existing) 24.2
Mahmoudia GTé6 (existing) 4.2
Mahmoudia G17 (existing) 24.2
Mahmoudia GT8 (existing) 4.2
Mahmoudia GT9 (cxisting) 4.2
Mahmoudia GT10 (existing) 24.2
Mahmoudia GT11 {existing) 242
Mahmoudia GT12 {existing) 24.2
Steam Turbine (new) 100
NG 293.6 293.6 286.3 1994 2019
Sidi Knr 1 NG,HFO 300 300 285.0 1998 2033
Sidi Krir 2 NG,HFO 300 300 285.0 1998 2033
Sidi Krir 3 NG,HFO 300 kit 285.0 1999 2034
Sidi Krir 4 NG,HFO 300 300 285.0 1999 2034
Ayoun Mousa 1 NG HFO 300 300 285.0 2000 2035
Ayoun Mousa 2 NG,HFO 300 300 285.0 2000 2035

*Net available capacity 1s calculated by applying typical auxiliary load requirements to the gross available capacity ratings.

091693
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Projected Hydroelectric Unit Additions

Table 3-3

Gross Gross Net
Rated Available Aviilable Commercial
Capacity Capacity Capaaity Operation Retirement
Unit Name Fuel Type (MW) (MW) (MW) Date Date
Esna Hydro 87 87.0 194
Naga Hammadi Hydro 57 565 2003
Assuit Hydro 40 40,0 2010
091693 3-12
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Table 3-4
1993 Capacity Additions

Net Available

1993 Units Capacity (MW)
Tulkha Ext 1° 199.5
Demiatta CC1® 465.6
Demiatta CC2° 365.6
Demiatta CC3¢ _365.6
Total Final Capacity 1,296.3
Converted Units

Demiatta GT1 (102.5)
Demiatta GT2 (102.5)
Demiatta GT3 (102.5)
Demiatta GT4 (102.5)
Demiatta GTS (102.5)
Demiatta GT6 (102.5)
Total Converted Capacity (615)
Total New Capacity 681.3

*New unit,
®Conversion of Demiatta 1 and 2 GTs to CCl.
‘Conversion of Demiatta 3 and 4 GTs to CC2.

dConversion of Demiatta 5 and 6 GTs to CC_33.
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Table 3-5
1994 Capacity Additions

1994 Units

43

Net Available
Capacity (MW)

Cairo West Ext 1°

285.0

Esna (hydro)" 87.0
Damanhour CC1* 143.1
Mahmoudia CC1"™* 2863
Total Final Capacity 801.4
Converted Units

Damanhour GT1 (1€.5)
Damanhour GT2 (19.5)
Damanhour GT3 (19.5)
Damanhour GT4 (19.5)
Mahmoudia GTS (19.5)
Mahmoudia GT6 (19.5)
Mahmoudia GT7 (19.5)
Mahmoudia GT8 (19.5)
Mahmoudia GT9 (19.5)
Mahmoudia GT10 (19.5)
Mahmoudia GT11 (19.5)
Mahmoudia GT12 (19.5)
Total Converted Capacity (234)
Total New Capacity 567.4

*New unit.

**Conversion of Damanhour 1 through 4 GTs to CCl.

***Conversion of Mahmoudia 5 through 12 GTs to CC1.
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Table 3-6
1995 Capacity Additions

e
— —

Net Available

1995 Units Capacity (MW)
Cairo West Ext 1* 285.0
Assuit Ext 2* 285.0
Cairo South CC1* 160.9
Cairo South CC2* 160.9
Cairo South CC3¢ 160.9
Cairo South CC4* _160.9
Tota! Final Capacity 1,213.6
Converted Units

Cairo South GT1 (87.8)
Cairo South Steam 4 (52.0)
Cairo South GT2 (87.8)
Cairo South Steam 5 (52.0)
Cairo South GT3 (87.8)
Cairo South Steam 6 (52.0)
Total Converted Capacity (419.4)
Total New Capacity 794.2

*New unit,

091693
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‘Conversion of Cairo South GT2 and Steam 5 to CC3.
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4.0 Load Forecast

4.1 General

The objective of the load forecast was to develop a projection of the Unified
Power System’s (UPS) annual net energy for load and peak demand for the study
period. The expected (base case) load forecast is used as the basis for developing
the generation expansion plan and evaluating the pumped storage hydroelectric
project. EEA supplied Ebasco with three load forecast scenarios: a base medium
scenario; a base medium adjusted scenario (adjusted for price elasticity impacts); and
a base low scenario. These three load forecast scenarios are presented in Table 4-1
and shown graphically on Figure 4-1. The base medium adjusted scenario was used
as the base case load forecast for this study. Hereafter, the base medium adjusted
scenario will be referred to as the base load forecast. Ebasco also developed an
alternate load forecast scenario to be used for sensitivity and risk analyses. The
alternate load forecast is discussed in Section 4.5. Both the base and alternate load
forecasts are shown on Figure 4-2. The following sections discuss the development
of the base case and alternate load forecasts.

4.2 UPS Historical Data
The following sections piesent the UPS historical data that were used as the
basis for EEA’s load forecast.

4.2.1 Historical Sales

The load forecast developed by EEA is based on the following customer sectors:
VHYV (very high voltage) Industrial.

Non-VHYV Industrial.

Agriculture.
Public Utilities.
Commercial.
Residential.
Government,

Table 4-2 lists the historical sales by customer sector and total UPS sales for
Fiscal Years 1980/81 through 1990/91. The fiscal year is from the previous July 1
through the present June 30; i.e., fiscal 1993 is from July 1, 1992, through June 30,
1993. The historical sales data indicate that two customer sectors, residential and
non-VHYV industrial, make up a significant portion of the total UPS sales. Residen-
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tial sales accounted for approximately 33 percent of total UPS sales in 1990/91, while
non-VHYV sales accounted for approximately 29 percent,

4.2.2 Historical Growth

Table 4-3 lists the annual growth rates in sales for each customer sector and total
UPS sales for Fiscal Years 1980/81 through 1990/91. Table 4-4 lists the average
annual growth rates for each customer sector and total UPS sales and gross peak
demand for the periods 1980/81 through 1985/86 and 1985/86 through 1990/91.
The data in these tables indicate that EEA experienced significant average annual
growth in the first half of the 1980s: 10.8 percent for total UPS sales and 11.0
percent for gross peak demand. However, the growth rates in the last half of the
1980s have been less: 6.7 percent for total UPS sales and 5.5 percent for gross peak
demand. Total UPS sales increased by 5.2 percent during Fiscal Year 1990/91.

4.3 Baseload Forecast
This section briefly discusses the methodology and results of the baseload
forecast developed by EEA.

4.3.1 Methodology

EEA developed their forecast of customer sector sales using RATS, a software
package made available to EEA by Stone & Webster. RATS uses multiple linear
regression to determine the historical relationships between customer sector
electricity consumption and a set of econometric (independent) variables. The
independent variables tested were population and gross domestic product (GDP) and
the price of electricity. Other independent variables tested were variations of
population and GDP, such as inverse population and GDP per population. Various
regression relationship forms were tested, including direct linear, log-linear, and log-
log.

Once the historical relationships were developed, customer sector sales were
projected through Fiscal Year 2001/02, based on the regression equations and pro-
jections of the selected independent variables. Customer sector sales were then
adjusted for electric tariff increases, according to their expected response to the tariff
increases.

Total UPS sales were calculated as the sum of the customer sector sales adjusted
for price elasticity impacts less isolated system (ISO) sales. UPS noncoincident peak
demand was developed by an hours-use model, which computes a peak demand for
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each customer sector on the basis of a projected hours-use value for each customer
sector. Total system losses (transmission, distribution) and generation auxiliary
consumption were also forecasted by EEA. Total UPS gross energy is the sum of
total UPS sales plus total losses and generation auxiliary consumption. Total UPS
coincident gross peak demand is the sum of all noncoincident peak demands for each
customer sector plus total losses and generation auxiliary consumption, multiplied by
a projected coincidence factor. This process resulted in EEA’s projection of total
UPS gross peak demand and energy through Fiscal Year 2001/02. EEA then used
a trend projection to develop UPS gross demand and energy through Fiscal Year
2014/15.

4.3.2 Independent Variables

Table 4-5 lists the historical values of population and GDP used to develop the
regression equations. EEA used RATS to test these independent variables to deter-
mine their significance in explaining historical customer sector electricity con-
sumption.

4.3.3 Baseload Forecast (Gross)

Table 4-6 lists the results of the baseload forecast for the period from 1991/92
through 2014/15. Customer sector sales projections for this forecast are based on a
projected GDP with an annual growth rate of 5.0 percent and the effect of rapidly
increasing electricity prices. Table 4-6 lists the projections of total UPS sales, non-
sales energy, and UPS gross energy and peak demand. Nonsales energy consists of
transmission and distribution losses and generation auxiliary consumption.

4.3.4 Baseload Forecast (Net)

Table 4-7 lists the baseload forecast on a net basis. The gross demand and
energy forecast was converted to net for the purpose of production cost modeling for
UPS. Total UPS sales is total sector sales less sales to the isolated systems. The
projection of net energy includes transmission and distribution losses, but not
generation auxiliary consumption. HPPEA indicated that generation auxiliary con-
sumption is 4.0 percent of total gross UPS energy. UPS net energy is UPS gross
energy less the energy associated with generation auxiliary ~onsumption. UPS net
demand is UPS gross demand less the coincident demand associated with generation
auxiliary consumption. Coincident demand for generation auxiliary consumption was

091693 4-3
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calculated on the basis of EEA’s assumptions for the hours-use and coincidence
factor associated with this quantity,

4.3.5 Long-Range Baseload Forecast

The projections of UPS net demand and energy are extended through the Year
2025 to allow adequate time to assess the feasibility of pumped storage capacity on
EEA'’s system. Table 4-8 lists the long-range base net load forecast. The long-range
forecast after the Year 2014/15 is based on increasing UPS net energy at 4.50 per-
cent, the same annual increase as for the Year 2014/15. The UPS net load factor
was assumed to remain constant at 68.4 percent for this period. UPS net demand
is calculated on the basis of the projections of net energy and net load factor.

4.4 lLoad Forecast Review

Ebasco reviewed the methodology and results of EEA’s current peak demand
and energy forecast. In addition, EEA asked Ebasco to attempt to develop a relation-
ship between consumption and the price of electricity. The following sections discuss
the review and the results of the price elasticity analysis.

4.4.1 Methodology Review

Ebasco reviewed the methodology used by EEA to prepare the load forecast.
The use of econometric multiple linear regression coupled with an hours-use model
is an acceptable methodology. In EEA's load forecasts, electricity consumption for
all customer sectors is dependent solely on GDP based on regression study. Ebasco
believes that while GDP may be a good measure of commercial and industrial activ-
ity, population or a combination of population and other variables may be a better
indicator of residential consumption, especially if the statistical relationship is valid.
However, the RATS model used by EEA is limited by its sole statistical significance
(the Student test or t statistic). This limitation does not allow RATS to test for
various combinations of independent variables; therefore, GDP was chosen as the
best indicator of customer sector consumption.

4.4.2 Ebasco Methodology

Ebasco concentrated its efforts on the residential sector, since this is the largest
consumer group. SPSSPC + Version 2.0, a commercially available statistical soft-
ware package from SPSS Inc. was used to perform the analyses. SPSS is not a load
forecasting package like RATS; rather, it is a statistical analysis package. SPSS per-
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forms most statistical calculations in addition to least squares multiple linear
regression analysis.

The historical data were analyzed by multiple linear regression techniques to
determine the statistical relationships between customer class consumption (depend-
ent variable) and econometric and demographic (independent) variables such as
population and GDP. The relationships (equations) developed by this method
express changes in the dependent variable (such as commercial consumption) as a
function of one or more influencing factors. The underlying assumption of these
equations for projections is that the dependent variable will be affected in the future
by the same key factors (independent variables) as in the past, and that the relation-
ships will remain the same. Also, projections of the independent variables must be
available in order to project the dependent variable into the future.

The historical relationship between the dependent and one independent variable
developed by the method of simple least squares linear regression has the following
form:

Y = a+bx+e,
where
Y = dependent variable,
a,b = coefficient terms,
X = independent variable, and
e = error term.

The line represented by a least squares equation represents the set of points that
minimize the sum of the squares of the differences between the actual data and the
points on the line. Multiple linear regression is an extension of this concept with
additional independent variables and their corresponding coefficients.

An important consideration in regression analysis is the selection of variables.
Independent variables are used to explain historical changes or variations in the
dependent variable. Therefore, sufficient historical data for both dependent and
independent variables must be available to develop a meaningful statistical relation-
ship. Also, the independent variables must have the potential to be projected into
the future, so that the equations developed can be used to project the dependent
variable.

The statistical validity of equations developed by the technique of multiple linear
regression must be tested. Some of the more common statistical tests are discussed
below:
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® Adjusted R? is the coefficient of determination corrected for reduced
degrees of freedom due to the inclusion of additional independent variables
in the regression equation. The coefficient of determination is the
proportion or percentage of variation in the dependent variable that is
explained by the independent variables.

e The F statistic is a test of the significance of the relationship between the
dependent variable and the entire set of independent variables.

® The Student test (t statistic) is used to evaluate the individual significance
of the regression coefficients. This test is not a good measure of the overall
significance if the regression relationship contains more than one inde-
pendent variable.

4.4.3 Historical Independent Variables

Table 4-9 lists the historical independent variables used by Ebasco to develop
equations for customer sector consumption. Actual residential rates were converted
to constant 1990/91 values by Consumer Price Index deflators supplied by EEA.

4.4.4 Price Elasticity

Historical residential sector sales were tested for price elasticity. Price elasticity
is the ratio of two percentages: a percent change in price causes a percent change
in the amount of a product consumed. For example, if a 10 percent price increase
caused a 1.0 percent decrease in use, then the price elasticity is minus 0.1. Price
elasticity, as opposed to conservation, is a short-term phenomenon. It reflects the
immediate reduction in use due to a price increase. Conservation includes the long-
term effects of replacing existing equipment with more efficient equipment.

An additional consideration is that price elasticity changes through time. For
instance, as the real price of electricity increases, it may be relatively easy for the
consumer to reduce usage initially. However, each additional consumption reduction,
for a corresponding real price increase, becomes more difficult. Therefore, the price
elasticity generally decreases as the real price of the electricity continues to change,
until a point is reached where there will be very little reduction in consumption with
additional increases in the real price. Conversely, if the price of electricity decreases
in rea] terms (as was the case in the 1980s for residential customers), then use should
increase more rapidly than would otherwise be expected from additional customers
alone. However, there is a saturation point where consumers would not use addi-
tional electricity even if the price were extremely low.
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4.4.4.1 Residential Sector. A significant historical regression relationship relating
residential sector consumption to the constant residential rate and population was
developed. The equation has the following form:

Residential GWh = -15,914 + 532.92 * POP - 37.267 * RESRATE,

where
RESRATE = the residential rate in constant 1990/91 value,
POP = population in millions,
F statistic = = 488.2, and
Adjusted R* = 0.9909.

The historical increase in residential consumption was caused by the combined
impacts of both real price reductions and population increases. The effect of
population increases must be removed in order to determine the impact of real price
reductions on historical residential consumption. The residential consumption
equation was used to estimate historical price elasticity by holding population
constant and changing the real price of electricity. The equation was then used to
hindcast (estimate the historical data) with the population parameter held constant
at the 1981/82 value. This procedure provides an estimate of the increase in
consumption due only to the decrease in the real price of electricity. The data
indicate that the real residential rate decreased 56.6 percent from 1981/82 to
1990/91, and the consumption due to the price reductions alone increased by 36.4
percent. It was also noted that for similar decreases in the real price, subsequent
consumption increases attributed to price decreases were smaller. This indicates that
a saturation level was reached, beyond which consumption would not be very sensi-
tive to further price reductions.

Estimates of the expected impact of increases in the real price of electricity on
future residential consumption were based on the following assumption: consump-
tion impacts due to real price increases are approximately the same as for real price
decreases. Therefore, the full impact of real price increases on residential con-
sumption would be realized at a real price point based on the historical relationship.
In other words, the full impact of real price decreases was realized when the real
price reached approximately 60 percent of the initial 1981/82 value. It is assumed
that the full impact of real price increases on residential consumption will also reach
a point of diminishing impact. The base value for residential rates in 1981/82 was
7536 mill/kWh. It is estimated that the full impact will be realized at the point
when the real price of electricity increases to approximately 120 mill/ kWh. After
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this point in the projection of residential consumption, t*¢ real price of electricity is
held constant.

The impact of future real price increases on residential consumption is only an
estimate. It is difficult to predict the human equation. Nonetheless, this is a method
to determine the impact of price increases on consumption. The equation provides
price elasticities from -0.10 to -0.35 for the period 1991/92 through 2000/01. These
values fall within the published range of expected price zlasticity values.

4.5 Alternate Load Forecast

This section discusses the alternate load forecast that will be used as a sensitivity
analysis in this study. The alternate forecast was developed by substituting Ebasco’s
projection of residential sector consumption for the residential sector consumption
in the baseload forecast. Ebasco’s residential sector projection is based on the
regression equation presented in Subsection 4.4.4.1.

4.5.1 Independent Variable Projections

Table 4-10 lists projections of the independent variables used to project residen-
tial sector sales. Population projections were based on data approved by the Central
Agency for Public Mobilization and Statistics. The annual growth rate for population
was assumed to be 2.80 percent in 1991/92. The annual growth rate was decreased
by 0.10 percent each year until it coincided with the long-term population growth rate
of 1.4 percent provided by the Central Agency for Public Mobilization and Statistics.
The population growth rate reached 1.4 percent in Fiscal Year 2005/06.

The projected real price of electricity for the residential sector was provided by
EEA. These real price increases are required to bring EEA rates in line with the
actual cost of producing electricity. The projection of the real price for the
residential sector becomes constant at 120 mill/kWh (approximately 60 percent
above the 1980/81 constant value), at which point the impact of price on consump-
tion is expected to have reached its maximum.,

4.5.2 Alternate Forecast Results (Gross)

Table 4-11 lists the projection of UPS gross demand and energy for the alternate
forecast. Total sector sales is the sum of Ebasco’s residential consumption projection
and the baseload forecast’s consumption projections for the nonresidential customer
sectors. Total UPS sales are total sector sales less sales to the isolated system. Total
UPS nonsales energy (percent of gross generation) is projected by EEA and consists
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of transmission and distribution losses and genera:ion auxiliary consumption. UPS
gross generation is the sum of total UPS sales, losses, and generation auxiliary
consumption. UPS gross peak demand is the sum of the noncoincident demands
from each customer sector, system losses, and generation auxiliary consumption
adjusted by an EEA forecasted coincidence factor. EEA projects noncoincident
customer sector demands with an hours-use model.

The alternate forecast is similar to EEA’s base low forecast, being approximately
1,200 MW lower in 2014/15. The alternate load forecast is intended to be used only
for sensitivity analyses for this Study and is suitable for this purpose.

4.5.3 Alternate Forecast Results (Net)

Table 4-12 lists the alternate forecast on a net basis. The demand and energy
associated with generation auxiliary consumption were removed from the gross
demand and energy forecast to produce UPS net requirements. As in the baseload
forecast, generation auxiliary consumption was assumed to be 4.0 percent of total
gross generation. The remaining nonsales energy is for transmission and distribution
losses.

4.5.4 Long-Range Alternate Projection

Table 4-13 lists the long-range projection of the alternate forecast. The long-
range projection is based on increasing the net energy at 4.23 percent, the same
annual increase as for the Year 2014/15. The UPS net load factor was assumed to
remain constant at 68.1 percent. The load factors differ slightly from those in base
net load forecast because the two load forecasts have different residential com-
ponents. Calculations of UPS net demand are based on the projections of net energy
and net load factor.

091693 4-9
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Table 4-1

EEA Gross Load Forecast Scenarios

Base Medium Adjusted Base Medium* Base Low "

Fiscal Energy Demand Energy Demand Energy Demand “

Year (GWh) (MW) (GWh) (MW) (GWh) (MW) 4
1992/93 48,032 7,781 47,638 7,717 46,864 7,587
1993/94 50,985 8,282 49,909 8,106 48,996 7,952
1994/95 54,356 8,852 52,141 8,490 51,801 8,430
1995/96 58,320 9,520 54,499 8,895 54,747 8,930
1996/97 62,515 10,225 57,226 9,359 57,817 9,450
1997/98 67,282 11,643 60,550 9,938 61,347 10,063
1998/99 72,359 11,914 64,319 10,590 65,077 10,712
1999/00 717,736 12,834 68,722 11,346 68,974 11,389
|| 2000/01 83,434 13,808 73,690 12,196 73,051 12,096
2001/02 89,414 14,826 79,067 13,110 77,260 12,822
] 2002/03 95,800 15,885 84,730 14,049 81,713 13,607
“ 2003/04 102,410 16,981 90,576 15,018 86,207 14,356
I' 2004/05 109,374 18,135 96,735 16,040 90,862 15,131

I 2005/66 116,702 19,350 103,216 17,114 95,678 15,933 B
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Table 4-1 (Continued)

EEA Gross Load Forecast Scenarios

e ———e e er———————

Base Medium Adjusted Base Medium* Base Low

Fiscal Energy Demand Energy Demand Energy Demand {
Year (GWh) (MWw) (GWh) (MW) (GWh) (MW)
2006/07 124,288 20,608 109,925 18,227 100,557 16,746
2007/08 132,118 21,906 116,851 19,375 105,484 17,566
2008/09 140,177 23,243 123,978 20,557 110,442 18,392 h
2009/10 148,448 24,614 131,293 21,770 115,412 19,219

" 2010/11 156,909 26,017 138,777 23,010 120,375 20,046
2011/12 165,382 27,422 146,271 24,253 125,310 20,868
2012/13 173,817 28,820 153,731 25,490 130,197 21,682
2013/14 182,160 30,204 161,110 26,713 135,015 22,484
2014/15 190,357 31,563 168,360 27,916 139,740 23,271

*Selected as the baseload forecast for the study.

|
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I\ Table 4-2 "
Historical Customer Sector Sales, GWh

" Fiscal Year VHV Non-VHV Agricultural Public Commercial Residential Government | Total UPS* "
1980/81 4,186 5,023 777 1,159 423 3,355 672 15,595
1981/82 4,139 5,514 836 _ 1,324 564 4,124 723 17,223
1982/83 4,152 6,233 897 1,683 701 5,055 821 19,524
1983/84 4,774 6,688 1,007 1,739 885 6,237 929 22,179
1984/85 4,624 7,167 1,108 1,752 1,043 7,121 965 23,674
1985/86 4910 7,903 1,197 1,964 1,194 8,059 983 26,092
1986/87 5371 8,315 1,166 2,192 1,380 8,864 1,041 28,197
1987/88 5,935 8,838 1,221 2,207 1,441 9,844 1,051 30,349
1988/89 6,270 9,421 1,265 2,165 1,526 10,440 1,218 32,107
1989/90 6,629 10,011 1,299 2,403 1,679 11,220 1,229 34,257
1990/91 6,667 10,488 1,367 2,612 1,813 12,062 1,285 36,033

*Total sector sales less sales to the isolated system.
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Table 4-3

Historical Customer Sector Annual Growth, percent

Fiscal Year VHV Non-VHV Agricultural |. Public Commercial Residential Government | Total UPS*

1981/82 -1.1 98 7.6 142 333 229 76 104
1982/83 03 130 73 271 243 226 13.6 134
1983/84 150 13 123 33 26.2 234 132 136
1984/85 -3.1 12 10.0 0.7 179 142 39 6.7
1985/86 6.2 103 8.0 12.1 145 132 19 10.2
1986/87 94 52 26 116 156 10.0 59 8.1
1987/88 105 63 47 0.7 44 11.1 10 7.6
1988/89 5.6 6.6 3.6 -19 59 6.1 159 58
1989/90 5.7 6.3 27 110 10.0 15 09 6.7
1990/91 0.6 48 52 8.7 8.0 15 4.6 52

*Total sector sales less sales to the isolated system,




Table 4-4
Historical Average Annual Growth, percent
Period

Customer Sector 1980/81 to 1985/86 | 1985/86 to 1990/91
VHV 3.2 6.3
Non-VHV | 9.5 5.8
Agriculture 9.0 27
Public 11.1 5.9
Commercial 23.1 8.7
Residential 19.2 8.4
Government 7.9 5.5
Total UPS Sales* 10.8 6.7
UPS Peak** 11.0 5.5

*Total sector sales less sales to the isolated system.

**Gross system peak.
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Table 4-5

Historical Independent Variables

Fiscal Population
Year GDP (millions)
1980/81 42,752 42.11
1981/82 47,393 43.33
1982/83 50,931 44.50
1983/84 54,058 45.77
1984/85 57,643 46.99
1985/86 59,202 48.35
1986/87 60,702 49.86
1987/88 63,127 5130
1988/89 64,688 52.92
1989/90 65,524 54.50
1990/91 67,490 56.20
4-15
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Baseload Forecast of UPS Gross Demand and Energy

Table 4-6

ISO Total UPS UPS
Fiscal Total Sector | Sales Sales® Nonsales** | Total UPS Total UPS Load |
Year Sales (GWh) | (GWh) | (GWh) (percent) Energy (GWh) | Demand (MW) | Factor
1992/93 39,961 374 39,587 16.9 47,638 7,717 0.7047 I’
1993/94 41,973 449 41,524 16.8 49,909 8,106 0.7028
1994/95 43,973 539 43,433 16.7 52,141 8,490 0.7011
1995/96 46,099 647 45,452 16.6 54,499 8,895 0.6975
1996/97 48,560 776 47,783 16.5 57,226 9,359 0.6980
1997/98 51,270 650 50,620 16.4 60,550 9,938 0.6955
1998/99 54,335 500 53,835 16.3 64,319 10,590 0.6933
1999/00 57,939 350 57,589 16.2 68,722 11,346 0.6895
2000/01 62,026 200 61,826 16.1 73,690 12,196 0.6898
2001/02 66,517 100 66,417 16.0 79,067 13,110 0.6885
2002/03 71,173 0 71,173 16.0 84,730 14,049 0.6885
2003/04 76,084 0 76,084 16.0 90,576 15,018 0.6885
2004/05 81,257 0 81,257 16.0 96,735 16,040 0.6885
2005/06 86,702 0 86,702 16.0 103,216 17,114 0.6885
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Baseload Forecast of UPS Gross Demand and Energy

Table 4-6 (Continued)

.l ISO Total UPS UPS

Fiscal Total Sector | Sales Sales* Nonsales** Total UPS Total UPS Load

Year Sales (GWh) | (GWh) | (GWh) (percent) Energy (GWh) | Demand (MW) | Factor
2006/07 92,337 0 92,337 16.0 109,925 18,227 0.6885
2007/08 98,154 0 98,154 16.0 116,851 19,375 0.6885
2008/09 104,142 0 104,142 16.0 123,978 20,557 0.6885
2009/10 110,286 0 110,286 16.0 131,293 21,770 0.6885
2010/11 116,573 0 116,573 16.0 138,777 23,010 0.6885
2011/12 122,867 0 122,867 16.0 146,271 24,253 0.6885
2012/13 129,134 0 129,134 16.0 153,731 25,490 0.6885
2013/14 135,332 0 135,332 16.0 161,110 26,713 0.6885
2014/15 141,422 0 141,422 16.0 168,360 27,916 0.6885

*Total sector sales less sales to the isolated system.

**Includes transmission and distribution losses, and generation auxiliary consumption.
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Baseload Forecast of UPS Net Demand and Energy

Table 4-7

Generation Aux Generation
Consumption Aux
Gross UPS | Gross UPS Consumption Net UPS Net UPS
Fiscal Energy Demand Coincident with | Energy Demand
Year (GWh) (MW) (percent) | (GWh) Peak (MW)* (GWh) (MW)
1992/93 47,638 1,717 4.0 1,906 262 45,732 7,454
1993/94 49,909 8,106 4.0 1,996 275 47,913 7,831
1994 /95 52,141 8,490 4.0 2,086 287 50,055 8,203
1995/96 54,499 8,895 4.0 2,180 300 52,319 8,595
1996/97 57,226 9,359 4.0 2,289 315 54,936 9,044
1997/98 60,550 9,938 4.0 2,422 334 58,128 9,604
1998/99 64,319 10,590 4.0 2,573 354 61,746 10,236 I
1999/00 68,722 11,346 40 2,749 379 65,973 10,968
2000/01 73,690 12,196 4.0 2,948 406 70,743 11,790
2001/02 79,067 13,110 4.0 3,163 436 75,905 12,675
2002/03 84,730 14,049 40 3,389 467 81,340 13,582
2003/04 90,576 15,018 4.0 3,623 499 86,953 14,519
| 2004/05 96,735 16,040 4.0 3,869 533 92,866 15,507
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‘Baseload Forecast of UPS Net Demand and Energy

Table 4-7 (Continued)

Generation Aux Generation
Consumption Aux )
Gross UPS | Gross UPS Consumption Net UPS Net UPS
Fiscal Energy Demand Coincident with | Energy Demand
Year (GWh) (MW) (percent) | (GWh) Peak (MW)* (GWh) (MW)
2005/06 103,216 17,114 40 4,129 569 99,088 16,546
2006/07 109,925 18,227 4.0 4,397 605 105,528 17,621
2007/08 116,851 19,375 4.0 4,674 644 112,176 18,731
2008/09 123,978 20,557 40 4,959 683 119,019 19,874
2009/10 131,293 21,770 4.0 5,252 723 126,041 21,046
2010/11 138,777 23,010 40 5,551 764 133,226 22,246
2011/12 146,271 24,253 40 5,851 806 140,420 23,447
2012/13 153,731 25,490 4.0 6,149 847 147,581 24,643
2013/14 161,110 26,713 4.0 6,444 887 154,665 25,826
2014/15 168,360 27,916 4.0 6,734 927 161,625 26,988
ﬂ *Based on hours-use of 6,100 and coincidence factor of 84 percent. I
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Long Range UPS Base Forecast

Table 4-8

UPS Net Net Load UPS Net
Fiscal Energy Factor Demand
Year (GWh) (percent) (MW)
2015/16 168,898 68.4 28,203
2016/17 176,499 68.4 29,472
2017/18 184,441 68.4 30,798
2018/19 192,741 68.4 32,184
2019/20 201,414 68.4 33,632
2020/21 210,478 68.4 35,146
2021/22 219,949 68.4 36,727
2022/23 229,847 68.4 38,380
2023/24 240,190 68.4 40,107
2024/25 250,998 68.4 41,912
2025/26 262,293 68.4 43,798 ]
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Table 4-9
Historical Independent Variables
Residential Electricity i
Fiscal Population Rate (mill/kWh, constant
Year (millions) 1990/91 value)
1980/81 42.11 --
1981/82 43.33 75.36
1982/83 44.50 68.55
1983/84 45.77 61.56
1984/85 46.99 53.71
1985/86 48.35 58.37
1986/87 49.86 48.07
1987/88 51.30 42.90
1988/89 52,92 37.24
1989/90 54.50 33.64
1990/91 56.20 32.66
091693 4-21
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Table 4-10
Independent Variable Projection
‘ Residential
Electricity Rates
Fiscal Population | (mill/kWh, constant
Year (millions) 1990/91 value)
1992/93 | 59.33 45.20
1993/94 | 60.88 56.40
1994/95 | 62.40 70.40
1995/96 | 63.90 87.80
1996/97 | 65.37 109.50
1997/98 | 66.80 120.00
1998/99 | 68.21 120.00
1999/00 | 69.57 120.00
2000/01 | 70.89 120.00
2001/02 | 72.17 120.00
2002/03 | 73.39 120.00
2003/04 | 74.57 120.00
2004/05 | 75.69 120.00
2005/06 | 76.75 120.00
2006/07 | 77.82 120.00
2007/08 | 78.91 120.00
2008/09 | 80.02 120.00
2009/10 | 81.14 120.00
2010/11 | 82.27 120.00
2011/12 | 83.42 120.00
2012/13 | 84.59 120.00
2013/14 | 85.78 120.00
2014/15 | 86.98 120.00
4-22
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Table 4-11 "
Alternate Load Forecast of UPS Gross Demand and Energy
Total UPS Total UPS | Total UPS
Fiscal Total Sector ISO Sales | Sales* Nonsales** Energy Demand UPS Load
Year Sales (GWh) | (GWh) (GWh) (percent) (GWh) (MW) Factor
1992/93 40,229 374 39,855 16.9 47,960 7,769 0.7047
| 1993/94 41,658 449 41,209 16.8 49,530 8,045 0.7028
1994 /95 42,863 539 42,324 16.7 50,809 8,273 0.7011 LW
1995/96 44,020 647 43,373 16.6 52,006 8,512 0.6975
1996/97 45,107 776 44331 16.5 53,091 8,683 0.6980
1997/98 46,802 650 46,152 16.4 55,205 9,061 0.6955
1998/99 49,113 500 48,613 163 58,080 9,563 0.6933
1999/00 51,780 350 51,430 16.2 61,373 10,161 0.6895
2000/01 54,757 200 54,557 16.1 65,026 10,762 0.6898
2001/02 57,980 100 57,880 16.0 68,905 11,425 0.6885
2002/03 61,329 61,329 16.0 73,011 12,123 0.6875
2003/04 64,820 64,820 16.0 77,167 12,858 0.6851
I 2004/05 68,458 68,458 16.0 81,498 13,551 0.6866
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Table 4-11 (Continued) 1]
Alternate Load Forecast of UPS Gross Demand and Energy
Total UPS Total UPS | Total UPS
Fiscal Total Sector ISO Sales | Sales* Nonsales** Energy Demand UPS Load
Year Sales (GWh) | (GWh) (GWh) (percent) (GWh) (MW) Factor
2005/06 72,249 0 72,249 16.0 86,011 14,308 0.6862
2006/07 76,189 0 76,189 16.0 ©0,701 15,093 0.6860
2007/08 80,274 0 80,274 16.0 95,564 15,903 0.6860
2008/09 84,499 0 84,499 16.0 100,594 16,740 0.6860
2009/10 88,858 0 88,858 16.0 105,783 17,603 0.6860
2010/11 93,341 0 93,341 16.0 111,121 18,491 0.6860
2011/12 97,872 0 97,872 16.0 116,515 19,389 0.6860
2012/13 102,427 0 102,427 16.0 121,937 20,291 0.6860
2013/14 106,981 0 106,981 16.0 127,359 21,193 0.6860
2014/15 111,508 ¢ 111,508 16.0 132,748 22,090 0.6860

*Total sector sales less sales to the isolated system.

**Includes-transmission and distribution losses, and generation auxiliary consumption.
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Alternate Load Forecast of UPS Net Demand and Energy

Table 4-12

|

Generation Aux Generation “
. Gross UPS | Gross UPS Consumption Au?( Cons Net UPS | Net UPS

Tt |Gl | ey [own | Ganersk | Eneny | ennd |
1992/93 47,960 1,769 40 1,918 264 46,041 71,505
1993 /94 49,530 8,045 40 1,981 273 47,549 1,772
1994 /95 50,809 8,273 4.0 2,032 280 48,776 7,993
1995/96 52,006 8,512 4.0 2,080 286 49,926 8,225
1996/97 53,091 8,683 4.0 2,124 292 50,967 8,390
1997/98 55,205 9,061 4.0 2,208 304 52,997 8,757
1998/99 58,080 9,563 4.0 2,323 320 55,757 9,243
1999,'00 61,373 10,161 4.0 2,455 338 58,918 9,822
2000/01 65,026 10,762 4.0 2,601 358 62,425 10,404
2001/02 68,905 11,425 4.0 2,756 380 66,148 11,045
2002/03 73,011 12,123 4.0 2,920 402 70,091 11,721
2003/04 77,167 12,858 4.0 3,087 425 74,080 12,433

2004/05 81,498 13,551 4.0 3,260 449 78,238 13,102 "
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Alternate Load Forecast of UPS Net Demand and Energy

Table 4-12 (Continued)

Generation Aux Generation

. Gross UPS | Gross UPS Consumption Auf( Cons Net UPS | Net UPS
el e e el L
2005/06 86,011 14,308 4.0 3,440 474 82,570 13,834
2006/07 90,701 15,093 4.0 3,628 500 87,073 14,593

| 2007/08 95,564 15,903 4.0 3,823 526 91,742 15,376
2008/09 100,594 16,740 4.0 4,024 554 96,571 16,186
2009/10 105,783 17,603 4.0 4,231 583 101,552 17,020
2010/11 111,121 18,491 4.0 4,445 612 106,676 17,879
2011/12 116,515 19,389 4.0 4,661 642 111,854 18,747
2012/13 121,937 20,291 4.0 4,877 672 117,060 19,620

|| 2013/14 127,359 21,193 4.0 5,094 702 122,264 20,492
2014/15 132,748 22,090 4.0 5,310 731 127,438 21,359

*Based on hours-use of 6,100 and coincidence factor of 84 percent.
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Table 4-13

Long-Range UPS Alternate Forecast

UPS Net Net Load UPS Net
Fiscal Energy Factor Demand
Year (GWh) (percent) (MW)
2015/16 132,831 68.1 22,263
2016/17 138,452 68.1 23,205
2017/18 144,311 68.1 24,187
2018/19 150,418 68.1 25,210
2019/20 156,783 68.1 26,277
2020/21 163,418 68.1 27,389
2021/22 170,333 68.1 28,548
2022/23 177,541 68.1 29,756
2023/24 185,054 68.1 31,016
2024/25 192,885 68.1 32,328
2025/26 . | 201,047 68.1 33,696
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5.0 Load Model Development

5.1 General

Historical load data were used to develop a load model used by the production
cost program. EEA provided 10 years of monthly historical data and 5 years of
hourly historical data.

The chronological production cost program POWRPRO was used in the eco-
nomic evaluation for this Study. POWRPRO requires a system hourly load file as
input. This hourly load model contains the projected hour by hour system loads for
the entire study period. The program LMODEL was used to create the UPS hourly
load model for this Study. The following sections briefly discuss the data require-
ments, procedure, and results for the development of the UPS hourly load model for
this Study. :

5.2 Load Duration Curves

Five years of hourly load data were supplied by EEA. These data were supplied
on a calendar year basis, but were converted to a fiscal year basis. When data were
converted from calendar to fiscal year, the first half of 1987 and the last half of 1991
were lost. The data were sufficient to provide four years of hourly fiscal year
historical data.

Load duration curves representing the four fiscal years, 1988 through 1991, are
presented on Figures 5-1 through 5-4. The load duration curves represent the
percent of time that the load is at or above a certain percent of the peak annual
load. The hourly loads for the entire year are sorted from highest to lowest and
plotted as shown on the figures. The UPS load duration curves represented on
Figures 5-1 through 5-4 are relatively flat, indicating a high load factor.

5.3 Data Requirements

The minimum input data requirements for LMODEL are one year of historical
hourly loads and a projection of annual demand and energy through the study period.
LMODEL can use up to 10 years of historical monthly demand and energy data and
five years of hourly load data, if available.

091693 5-1



5.4 Hourly Load Model

The program LMODEL was used to develop a projected hourly load demand
file. The following sections describe the procedure used by LMODEL to create the
UPS hourly load demand used as input for the production cost model POWRPRO.

5.4.1 Selecting a Typical Year

The first step performed by LMODEL is to select a typical (most normal) year
from the available historical data. LMODEL computes the load factor for all
months of historical data, then calculates the average load factor for all Januarys,
Februarys, etc. LMODEL then finds the specific January in the historical data with
a load factor closest to the average for all Januarys. This is done for all 12 months
and results in the typical year, a collection of months that are the most typical
according to the historical data. This collection of typical months is the basis for the
hourly load profile shapes through the study period.

5.4.2 Allocating Monthly Demand and Energy

In the next step, LMODEL determines the representative distribution of month-
to-month demand and energies. LMODEL determines the relative magnitude of
demand and energy for each month according to the available historical data. The
procedure is applied to the historical monthly demands and energies and consists of
normalizing, averaging, and ranking to identify typical month-to-month relationships
of demand and energy. The results of this step determine the relative magnitude of
monthly demands and energies in the hourly load profile created by LMODEL.

5.4.3 Creating the Load Model

LMODEL creates a base year by adjusting the typical year defined in Subsec-
tion 5.3.1 to the annual demand and energy of the first simulation year and the
month-to-month relative distributions defined in Subsection 5.3.2. The remaining
years are obtained by adjusting this base year to new specified annual demands and
energies. In basic terms, the base year is adjusted by changing all hourly demands
by the ratio of new peak to old, then adjusting off-peak hours to obtain the desired
load factor. This results in an hourly load model for each year of the study period
with monthly load shapes and relative demands and energies based on the typical
patterns in the historical data.
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5.5 UPS Load Profile

The UPS base net load forecast developed in Section 4.0 is on a fiscal year basis,
so the load model was also developed on a fiscal year basis. EEA provided Ebasco
with historical monthly demand and energy data and hourly load data on a calendar
year basis. Ebasco converted these data to a fisca! year basis by combining the
appropriate months. For example, EEA’s fiscal year 1992 is from July 1, 1991,
through June 30, 1992. Using fiscal year historical data and a fiscal year load
forecast as input, LMODEL created a fiscal year hourly load model.

The fiscal year hourly load model was converted to a calendar year hourly load
model by removing the first six months, July through December, from the beginning
of the load model file. Since a calendar year is six months out of phase with a fiscal
year, calendar year demands and energies are not the same as for fiscal years.

5.6 Load Duration Curve for 2005

A load duration curve for the calendar year 2005 was developed from the hourly
load data produced for 2005 by LMODEL. Figure 5-5 presents the load duration
curve for 2005.
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6.0 Capacity Fxpansion Requirements

Table 6-1 presents the capacity expansion requirements for th: UPS throughout
the study period. Projected capacity expansion requirements are based on the UPS
load forecast, reserve margin requirements, existing UPS capacity, and expected unit
retirement dates.

As presented in Section 5.0, an hourly load model was created on the basis of
the baseload forecast of UPS net demand and energy. The capacity expansion
requirements were developed from the load model. Although EEA is historically a
winter peaking system, the combination of a relatively high summer peak and degra-
dation of unit performance due to temperature makes the summer months critical
with respect to capacity requirements. A review of temperature data complied by the
United States Air Force for the Cairo area shows the mean frequency of occurrence
of temperatures greater than 100 F to be the highest in the month of June. There-
fore, the peak demand for June was selected for determining capacity expansion
requirements.

The total UPS capacity requirement is the sum of the June peak and reserve
margin requirements. A capacity reserve margin of 20 percent was provided by EEA
for use in this study.

Total UPS available capacity for any one year is UPS existing capacity plus com-
mitted and required unit additions that would be operational by “hen, less the capac-
ity associated with units projected to be retired by then. The information regarding
existing UPS capacity and projected retirements is presented in Section 3.0. Annual
capacity excess or deficit is total available UPS capacity less total capacity require-
menis. Table 6-1 indicates that the UPS will require approximately 41,000 MW of
additional capacity through the year 2024.
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Table 6-1
UPS Capacity Expansion Requirements

Net UPS Commutted Capacity

UPS Summer Reserve Total UPS Existing Projected Unit Total UPS Excess

Peak Demand Margin Requirements | Capacity Retirements | Additions Capacity (Deficnt)
Year (MW) ° (Mw)* (MW) (MW) (MW) (Mw) (MW) (MW)
1993 7454 1,491 8,945 9,101.3 25 681.3° 9,758 813
1994 7,831 1,566 9,397 12 5674* 10,313 916
1995 8,203 1,641 9,844 19 794.2° 11,089 1,245
1996 8595 1,719 10,314 52 570 11,607 1,293
1997 9,044 1,809 10,853 47 7695 12,330 AT7
1998 9,604 1,921 11,525 0 570 12,900 1375
1999 10,236 2,047 12.283 39 50 13,431 1,147
2000 10,968 2,194 13,162 221 570 13,779 618
2001 11,790 2,358 14,148 429 0 13,350 (7v8)
2002 12,675 2,535 15,210 198 0 13,152 (2,058)
2003 13,582 2,716 16,298 190 565 13,019 (3.279)
2004 14,519 2,904 17,423 80 0 12,939 (4,484)
2005 15,507 3,101 18,608 ” 0 12,860 (5.748)
2006 16,546 3,309 19,855 0 0 12,860 (6,995)
2007 17,621 3524 21,145 0 0 12,860 ((8.285)
2008 18,731 3,746 2477 0 0 12,87 ; ((9.617)
2009 19,874 3975 23,849 0 0 12,860 (10,989)
2010 21,046 4,209 25,255 0 40.0¢ 12,900 (12,355)
2011 22,246 4,449 26,695 0 0 12,900 (13,795)
2012 23,447 4,689 28,136 0 0 12,900 (15,236)
2013 24,643 4,929 29572 0 0 12,900 (16,671)
2014 25,826 5,165 30,991 294 0 12,607 (18,384)
2015 26,988 5398 32,386 149 0 12,458 (19,928)
2016 28,203 5,641 33,844 0 0 12,458 (21,386)
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Table 6-1 (Continued)

UPS Capacity Expansion Requirements

I Net UPS Committed Capacity

UFS Summer Reserve Total UPS Existing Projected Unit Tortat UPS Excess
Peak Demand | Margin Requirements § Capacity Retirements | Additions Capacity (Deficut)

Year (MW) * (MW) * (MW) (MW) (MW) (MW) (MW) (MW)
2017 29472 5,804 35,366 0 0 12,458 (22,909)
2018 30,798 6,160 36,958 1,607 0 10,851 (26,107)
2019 32,184 6,437 38,621 1L,17 0 9,680 (28,941)
2020 33,632 6,726 40,358 1,467 0 8,213 (32,145)
2021 35,146 7,029 42,175 202 0 8,011 (34,164)
2022 36,727 7,345 44,072 255 0 7,756 (36,316)
2023 38,380 7,676 46,056 284 0 7472 (38,584)
2024 40,107 8,021 48,128 255 0 7217 40912)

* June peak demand. (see Table 4-7)

¢ See Table 34.

¢ Sce Table 3-5.

¢ See Table 3-6.

f See Table 3-2.

¢ Sce Table 3-3.

Reserve margin is 20 percent of June peak demand.




7.0 Evaluation Criteria

This section presents the assumptions used as the basis for the economic
evaluation of the pumped storage project as part of the UPS. Evaluation criteria
include both economic evaluation criteria as well as the fuel price forecast,

7.1 Economic Criteria
7.1.1 Inflation Rate

The inflation rates used for this study were provided by EEA and are listed
below:

Foreign
Fiscal Year Local Component Component
percent percent
1993 15.0 2.2
1994 9.0 1.7
1995 6.0 2.5
1996 and thereafter 5.0 3.1

An expected foreign inflation rate of 3.1 percent is used for 1996 and thereafter.
The local inflation rate is projected to be 5 percent for 1996 and thereafter. These
numbers were used to develop future capital costs for generation alternatives based
on the foreign and local content. In the long run, the percent difference in inflation
rates is theoretically expected to equal the percent increase in exchange rate.
Therefore, the exchange rate is not used in the report and is not included in the
economic criteria.

7.1.2 Escalation Rate

This study assumes that the escalation rate for capital costs and operation and
maintenance (O&M) costs are the same as the inflation rate. The capital cost
escalation rates are used to adjust capital costs for new capacity additions to their
commercial operation dates. The escalation rates will also be applied to the pumped
storage project capital cost estimate.
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7.1.3 Interest Rate

The interest rate is the cost of capital at which new capacity additions will be
financed during the evaluation. The cost of capital is composed of foreign and local
components. The interest rate for the base scenario is 7-1/2 percent for a com-
mercial loan from foreign sources. It is assumed that 60 percent of foreign sources
will be from commercial loans, and 40 percent will be from soft loans with interest
rates of 3 percent. The interest rate for a local loan is assumed to be 12 percent.

It is further assumed that both foreign and local loans will have the same
financing terms (e.g., 5 year grace period and 15 year payback period). The terms
are assumed to be the same for all projects.

For the lower interest rate sensitivity analysis, the 60 percent hard loan is
assumed to be 6.5 percent.

7.1.4 Present Worth Discount Rate

The present worth discount rate is used to evaluate various alternatives on a
present worth basis. This discount rate is the average cost of money to UPS for all
projects which is assumed to consist of 80 percent foreign and 20 percent local loans.
This provides a discount rate of 6.96 percent which was used for the base cases, and
6.48 percent is used for the lower interest rate sensitivity case.

7.1.5 Interest During Construction

Interest during construction (IDC) is used to acquire capital during the con-
struction phases of a project. The IDC rate is determined as the weighted cost of
money, and is therefore dependent on the percentage of foreign and local plant
content for each type of plant. The IDC rate is expressed as a per annum percent
and is therefore independent of the construction period. Table 7-1 presents the IDC
rate for the various generation technologies for the base case. Table 7-2 presents the
IDC rate for the lower interest rate sensitivity analysis.

7.1.6 F.:ed Charge Rate

The fixed charge rate is a factor used to convert a capital cost to an equivalent
uniform annual series of payments over the life of the project. A levelized fixed
charge rate for each type of plant was calculated for use in the economic evaluation
based on consideration of the loan type described for Egypt in Subsection 7.1.3. ‘The
fixed charge rates were calculated from the cash flows which were determined by the
financing terms, interest rates, and percent foreign and domestic plant content. The
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levelized fixed charge rate is properly used in engineering economic studies because
it produces the same present worth of revenue requirements as the actual cash flows
determined by the financing terms and allocates the capital charges over the life of
the plant.

The fixed charge rate calculations are included in Appendix D. The fixed charge
rates are summarized in Tables 7-1 and 7-2 and for the base cases are 6.83 percent
for CTs, 6.41 percent for CCs, 6.36 percent for steam units, and 5.75 percent for the
pumped storage project. The fixed charge rate for a nuclear plant as used in the
screening analysis is calculated to be 6.03 percent.

7.2 Fue! Price Forecast

A fuel price forecast was developed for this Study and used to determine the
electricity generation production costs associated with future UPS requirements. A
fuel price forecast was developed for mazout (No. 6 oil), solar (No. 2 oil), natural
gas, coal, and nuclear fuels. Fuel used for electrical generation is presently
subsidized by the government. These subsidies are expected to be gradually reduced
through 1996, at which time fuel will be valued at the international (border) price.

The fuel price forecast used for this study is shown in Table 7-3. The forecasts
for oil and coal are based on estimates made by the World Bank and published in
"Price Prospects for Major and Primary Commaodities, 1990-2005." The World Bank
forecast provides annual constant dollar price projections for coal and petroleum
through 1995. Long range projections are also provided for the years 2000 and 2005.
The constant dollar values provided by the World Bank were converted to nominal
dollars based on the international inflation rates provided in Subsection 7.1.1. World
Bank staff in Washington, DC, were contacted concerning extending their projections
through the year 2025. The World Bank indicated that no real price increases for
coal or petroleum are expected after 2005. Therefore, these prices were increased
at the international inflation rate after 2005.

No. 6 oil prices were estimated from the World Bank projections for crude oil.
No. 6 oil is a residual byproduct of the distillation of crude oil; therefore, its value
was assumed to be approximately 75 percent of the price of crude oil. No. 2 oil is
a product of the distillation process; therefore, its value was assumed to be 130 per-
cent of crude oil.

Currently, the production of natural gas is insufficient to supply all of the
generation requirements of UPS. Therefore, No. 6 oil is also used for generation,
reducing the amount available for export. It is unknown whether future natural gas
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supplies will be sufficient to meet all generation requirements. However, No. 6 oil
is assumed to be the backup fuel for natural gas and will be used in the event of
natural gas shortages. Since natural gas will displace the use of No. 6 oil, the
international (shadow) price of natural gas is assumed to be equivalent to the value
of No. 6 oil.

The coal price forecast was also based on projections of the World Bank. The
constant dollar forecast was adjusted for the international inflation rate presented in
Subsection 7.1.1.

The nuclear fuel price forecast is based on present values and an analysis of the
current nuclear fuel market situation. Currently, the nuclear fuel market is depressed
as nuclear fuel production capabilities are greater than demand. This situation is
expected to continue. Some nuclear fuel production facilities are expected to be
removed from active operation. However, these facilities could be reactivated with
minimal expense as demand increases. In addition, expended nuclear fuel, which is
presently being stored, could be reprocessed, providing an economical supply of fuel.
Finally, fast breeder reactors are expected to be available by approximately 2010, also
reducing the demand for conventional nuclear fuel. On the basis of these
considerations, the price of nuclear fuel for this study is escalated at the international
inflation rate from its present value.

For sensitivity analysis it was assumed that the natural gas and oil prices
escalation rates would be one percent per year higher than the base case. The
sensitivity analysis natural gas and oil price forecast is presented is Table 7-4. All
other fuel escalation rates remain the same.
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Table 7-1
Base Financial Parameters

Cost of Money--Fi reign 60 percent Commercial Loans @ 7-1/2 percent

and 40 percent Soft Loans @ 3 percent
Cost of Money--Local, (percent) 120
Discount Rate, (percent) 6.96

Steam Steam Pumped
Plant Content, (percent) CT CcC (Oil/NG) | (Coal) Hydro
Foreign 85 80 70 70 70
Local 15 20 30 30 30
IDC Rate, (percent) 6.65 6.96 7.59 7.59 7.59
Assumed Life-(Years) 20 25 30 30 50
Weighted Cost of Money, (percent) | 408 | 3.83 397 397 3.57
Depreciation 245 2.23 209 2.09 1.88
Insurance 0.10 0.10 0.10 0.10 0.10
Administration 020 020 020 020 020
Fixed Charge Rate, (percent) 6.83 6.41 6.36 6.36 5.75
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Table 7-2

Lower Interest Rate Financial Parameters

Cost of Money--Foreign 60 percent Commercial Loans @ 6-1/2 percent

and 40 percent Soft Loans @ 3 percent
Cost of Money--Local, {percent) 120
Discount Rate, (percent) 6.48

Steam Steam Pumped

Plant Content, (percent) CT CC (Oil/NG) | (Coal) Hydro
Foreign 85 80 70 70 70
Local 15 20 30 30 30
IDC Rate, (percent) 6.14 6.48 717 7.17 717
Assumed Life-Yr 20 25 30 30 50
Weighted Cost of Money, (percent) | 3.83 3.65 3.77 377 3.34
Depreciation 2.58 223 218 2,18 1.93
Insurance 0.10 0.10 0.10 0.10 0.10
Administration 020 020 020 020 0.20
Fixed Charge Rate, (percent) 6.71 6.18 6.25 6.25 5.57
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Table 7-3
Fuel Price Forecast, $/MBtu

091693

7-7

Year No. 6 Oil | No.2 Qil | Coal Natural Gas | Nuclear
1993 2.07 4.01 1.89 2.07 0.79
1994 221 4.27 1.92 221 0.80
1995 2.34 4.53 1.97 2.34 0.82
1996 2.53 4.90 2.07 2.53 0.85
1997 1.084 5.29 2.18 2.73 0.87
1998 1.084 5.72 2.29 2.96 0.90
1999 3.19 6.18 242 3.19 0.93
2000 3.45 6.68 2.54 345 0.96
2001 3.52 6.82 2.62 3.52 0.99
2002 3.60 6.96 2.70 3.60 1.02
2003 3.67 7.11 2.79 3.67 1.05
2004 3.75 7.26 2.87 3.75 1.08
2005 3.83 7.41 2.96 3.83 1.11
2006 3.95 7.64 3.06 3.95 1.15
2007 4.07 7.88 3.15 4.07 1.18
2008 4.20 8.12 3.25 4.20 1.22
2009 4.33 8.38 3.35 4.33 1.26
2010 4.46 8.64 3.45 4.46 1.30
2011 4.60 8.90 3.56 4.60 1.34
2012 4.74 9.18 3.67 4,74 1.38
2013 4.89 9.46 3.78 4.89 142
2014 5.04 9.76 3.90 5.04 1.47
2015 5.20 10.06 4.02 5.20 1.51
2016 5.36 10.37 4.15 5.36 1.56
2017 5.52 10.69 4.27 5.52 1.61
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Table 7-3 (Continued)
Fuel Price Forecast, $/MBtu

091693

Year No. 6 Oil | No.2Oil | Coal Natural Gas | Nuclear
2018 5.70 11.03 441 5.70 1.66
2019 5.87 11.37 4.54 5.87 1.7
2020 6.05 11.72 4.68 6.05 1.76
2021 6.24 12.08 4.83 6.24 1.81
2022 6.44 12,46 4,98 6.44 1.87
2023 6.63 12.84 5.13 6.63 1.93
2024 6.84 13.24 5.29 6.84 1.99




Table 7-4
Sensitivity Case Fuel Price Forecast, $/MBtu
Year No. 6 Oil No. 2 Oil Natural Gas
1993 2.09 4.05 2.09
1994 225 435 225
1995 241 4.66 241
1996 2.63 5.09 2.63
1997 2.87 5.55 2.87
1998 3.12 6.05 3.12
1999 3.41 6.60 341
2000 3.72 7.19 3.72
2001 3.83 7.42 3.83
2002 3.95 7.65 3.95
2003 4.07 7.89 4.07
2004 4.20 8.13 4.20
2005 4.33 8.38 4.33
2006 4.51 8.73 451
2007 4.69 9.09 4.69
2008 4.89 9.46 4.89
2009 5.09 9.85 5.09
2010 5.29 10.25 529
2011 5.51 10.67 5.51
2012 5.74 1111 5.74
2013 5.97 11.56 5.97
2014 6.22 12.04 6.22
2015 6.47 12.53 6.47
2016 6.74 13.04 6.74
2017 7.01 13.58 7.01
2018 7.30 14.13 7.30
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Table 7-4 (Continued)

Sensitivity Case Fuel Price Forecast, $/MBtu
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Year No. 6 Oil No. 2 Oil Natural Gas
2019 7.60 14.71 7.60
2020 7.91 15.32 791
2021 8.24 15.95 8.24
2022 8.58 16.60 8.58
2023 8.93 17.28 8.93
2024 9.29 17.99 9.29
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8.0 Generation Expansion Alternatives

8.1 Conventional Alternatives

This section characterizes the conventional generation alternatives which will be
used to meet future UPS generation requirements during development of the optimal
base expansion plan. The total capacity and timing of future generation additions
were discussed in Section 6.0. Section 9.0 determines the optimal mix of
conventional generation alternatives based on economics and operational constraints.
Capital cost and performance data for the conventional alternatives used in this study
are summarized in Table 8-1.

8.1.1 Combustion Turbines

Combustion turbines burning either natural gas or No. 2 oil are available in a
wide variety of sizes. Combustion turbines are generally used for peaking and
reserve capacity purposes, because of their relatively low capital costs and high
operating costs compared with base and intermediate capacity. Combustion turbines
have the additional benefit of providing quick startup capability. Combustion
turbines are assumed to be installed at a site with common facilities for a total
generation capacity of 600 MW.
8.1.1.1 Combustion Turbine Temperature Considerations. The combustion tur-
bine is generally rated by the manufacturer according to ISO conditions which are
as follows:

® Ambient air temperature = 59 F.

® Inlet pressure loss = 0 inches H,O.

e Exhaust back pressure = 0 inches H,O.

e Elevation of site at sea level.

® Fuel used = natural gas.

Any deviation from the above resulis in a change in turbine output.

Combustion turbines are very sensitive to ambient temperature. As the tem-
perature increases, the capacity of combustion turbines decreases. Temperature data
for the Cairo area and Egypt were examined. Combustion turbines were derated to
their output at 100 F in order to meet the summer peak demand.

For the purpose of this study, it was assumed that the following conditions would
prevail:

® Ambient air temperature = 100 F.

® Inlet pressure loss = 4 inches H,O.
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® Exhaust back pressure = 0 inches H,O.

® Elevation = Zi meters above sea level.

e Fuel used:

-- Natural gas.

- No. 2 oil.
The data presented in Table 8-1 indicate that the combustion turbine’s capital cost
in $/kW at the above conditions.
8.1.1.2 Combuxstion Turbine Reliability Considerations. A pumped storage
project generally involves a significant investment on the part of the Owner for
providing peaking service on load. This service can also be provided by combusticn
turbines at considerably less capital expenditure than the pumped storage project.
However, when evaluating combustion turbines versus pumped storage, one must
consider the relative reliability of the two types of capacity.

In general, pumped storage plants are more reliable than thermal power plants.
The North American Electric Reliability Council (NERC) co'lects and publishes per-
formance data on different types of generating units on an annual basis. Reference
was made to this publication and utilization of its most recent data for the years 1987
through 1991 to calculate an Adjusted Equivalent Forced Outage Rate (AEFOR).
Calculations are contained in Appendix E, which result in an AEFOR for the com-
bustion turbines and pumped storage plants of 19.44 percent and 3.74 percent,
respectively.

The larger AEFOR of the CTs requires that the CT alternative plan have more
capacity than the pumped storage plan in order to have the same reliability. The
additional required CT capacity provides a significant advantage for the pumped
storage plant which must be taken into account in the economic evaluation.

The additional CT capacity required for reliability reasons can be determined by
a loss of load probability (LOLP) program or can be approximated by the following
equation:

CT capacity x (1 - AEFORp) = PS Capacity x (1 - AEFORpg)

CT capacity (MW) = 600 MW x (1-.0374
(1-.1944

= 716.9 MW
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Accordingly, in the economic evaluation, the 600 MW of CTs that are compared
with the 600 MW pumped hydro plant are evaluated at the CT capital cost of
Table 8-1 multiplied by the ratio of %3'—9 or 1.194 as listed below:

CT CT
Natural Gas No. 2 Qil
Capital Cost, $/kW* 431 440
Capital Cost Including Reliability
Consideration, $/kW* 515 525

*Includes direct cost, indirect cost, and contingency. Does not
include escalation or interest during construction.

8.1.2 Combined Cycle

In combined cycle technology, the hot exhaust gases from one or several com-
bustion turbines are passed through a heat recovery steam generator. The steam
generated is expanded through a steam turbine which drives an additional generator.
The use of the exhaust gases results in combined cycle units being more efficient
than simple cycle combustion turbines. Generally, approximately two-thirds of the
power output from a combined cycle unit is from the combustion turbines, and one-
third is from the heat recovery steam generator.

Combined cycle units can burn either natural gas or No. 2 oil. Combined cycle
heat rates are generally very good; however, their fuel costs are usually higher than
the fuel costs for coal or nuclear units. The combustion turbine portion of a
combined cycle unit can be synchronized quickly, whereas the steam cycle portion
requires additional time. Combined cycle units have the additional benefit of cycling
capability. Combined cycles are assumed to be installed at a site with common
fa-ilities for a total generation capacity of 600 MW.

Combined cycle units are sensitive to ambient temperature as are combustion
turbines. Table 8-1 presents the capital cost of combined cycles at the 100 F output
level.

8.1.3 Natural Gas/Oil Steam

Natural gas/oil steam unit heat rates are generally higher than those for similar
size modern combined cycle vnits. However, one advantage of steam units is that
they are able to burn No. 6 oil, whereas combined cycles cannot. Natural gas/oil
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steam units are generally used for intermediate and base capacity, and are capable
of being cycled on relatively short time schedules.

8.1.4 Coal

Coal steam units are more complicated than natural gas/oil steam units. Coal
steam units require a substantial amount of additional equipment for coal and ash
handling and pollution control. Maintenance requirements are also higher for coal
units because of the abrasive nature of the fuel and waste products. While coal units
are generally more capital cost intens:ve than natural gas/oil units, their fuel costs
are generally less. Coal units are used for base capacity and are generally not cycled
on a regular basis.

8.1.5 Nuclear

Nuclear steam units are also considered as a base capacity generation alternative
for this study. Nuclear units generally have high capital and operational costs and
low fuel costs when compared to other technologies.

8.2 Pumped Storage Hydroelectric
8.2.1 General

Pumped storage hydroelectric generation is a technelogy designed to take advan-
tage of the differential costs of generating electricity between on- and off-peak
periods. Insimple terms, water is pumped into an upper siorage reservoir during off-
peak (low incremental cost) periods and then allowed to return to the iuwer reservoir
thus generating electricity during on-peak (high cost) periods. The economic benefits
of puriped storage depend on the differentials between on- and off-peak energy costs
and the efficiency of the pumping/generating cycle. The following sections discuss
the assumptions used for the pumped storage hydroelectric plant during this study.

8.2.2 Configuration

The pumped storage plant location has not been determined, but for the purpose
of this study it is assumed to be located at a site near Wadi Araba. The plant is
assumed to operate as a closed system with both an upper and lower reservoir.
Makeup water will be obtained from the Gulf of Suez and will be desalinated. The
project is expected to have an average head of approximately 800 meters. A pumped
storage plant of 600 MW is the base size for this study. The 600 MW plant is
assumed to consist of four 150 MW units cenfiguration, with four separate reversible
pumping/ generating sets. Each pumping/generating set is expected to have a
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noncoincident planned outage of 2 weeks per year for inspection and maintenance
procedures.

8.2.3 Operational Parameters

The key operational parameters in the evaluation of pumped storage capacity are
reservoir size and overall cycle efficiency. This evaluation assumes that the upper
reservoir will be capable of storing enough energv for 10 hours of full load genera-
tion, or 6,000 MWh for the 600 MW plant size. The overall pumping and generating
cycle efficiency factor has been calculated to be 1.35 for this study. This means that
1.35 MWh of energy is consumed by the plant for every MWh of energy generated.
This efficiency includes generator, motor, turbine, pump, flowline, transformer, and
transmission losses. Appendix F contains the calculation of cycle efficiency.

8.2.4 Capital and Operating Costs

The project capital cost estimates are based on historical costs for actual pumped
storage plants in the United States escalated to January 1992. The pumped storage
capital cost was estimated to be $760/kW in 1992 dollars and $822/kW in 1993
dollars for the Wadi Araba site. The O&M cost estimate for the pumped storage
plant was $1.30/MWh in 1992 dol'ars and $1.41/MWh in 1993 dollars. These capital
costs do not include land, interest during construction, or transmission line costs
required for the project.

The capital cost for the pumped storage hydro plant assumes that makeup will
be obtained from the Gulf of Suez; that the makeup water will be desalinated and
the plant will operate as a closed system with both an upper and lower reservoir.

For preliminary cost estimating of pumped storage hydro projects to be used in
Phases I and Il Ebasco developed a cost curve based on construction costs for
pumped storage hydro projects installed and/or designed since 1980. Historical cost
data excluding land, transmission, and interest during construction for projects in the
United States escalated to January 1992 were used in the analysis. The cost curve
and detailed capital cost estimates are contained in Appendix F.

8.2.5 Transmission Capital Cost

A geographic map with transmission network configuration as planned for 2000
was provided by EEA and is included as Figure 8-1. The map shows 500 kV trans-
mission from Tabbin to Zaafarana and from Zaafarana to Suez. It is understood
that the 500 kV line from Tabbin to Zaafarana is planned to go through Wadi
Araba. Transmission interconnects for the pumped hydro plant would therefore be
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a relatively short distance. This study assumes that a maximum of 8 km of single
circuit 500 kV transmission line will be required to interconnect the project with the
existing grid. The expected cost of this transmission line is $150,000 per km or
$1.2 million in 1992 dollars. A substation with a 1992 capital cost of $10 million will
also be required at the interconnection point with the UPS grid. The total additional
cost for transmission line and substation cost is estimated to be $11.2 million in 1992
dollars. This cost is assumed to be over and above the cost of combustion turbine
interconnect requirements.
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Table 8-1
Conventional Generation Alternative
(All costs in January 1993 doilars)

7———'——_—
Combustion Turbine .
Combined
Natural Gas | No. 2 Qil | Cycle Natural Gas/Oil Steam Coal Steam Nuclear
Net Plant Output, MW (nominal) | 100° 100¢ 300° 300 600 300 600 600
Total Capital Cost, $/kW 458" 46744 629°° 1,150 886 1,401 | 1,165 | 2,272
O&M Fixed, $/MW-yr 2,162 2,162 2,825 4,504 3,964 13911 | 11,421 | 39,268
O&M Variable, $/MWh 287 287 207 0.46 0.46 184 1.78 12.62
Full Load Net Plant Heat Rate,
Btu/kWh*** 12,500 12,097 8,300 .| 9900 9,800 9,600 | 9,500 10,600
Forced Outage Rate, percent 194 194 6.0 6.0 6.0 710 8.0 17.0
Maintenance, weeks/year 25 25 3.0 3.0 3.0 4.0 5.0 12.0
Construction Period, months 18 18 33 49? 48 54 60 9%

Note: Includes direct cost, indirect cost, and contingency. Does not include escalation or interest during construction.

*Output at 100 F.

**Capital cost in $/kW is based on unit rating at 100 F and a 600 MW plant size.

***Provided by Egyptian Electric Authority except for No. 2 oil fired combustion turbine.
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9.0 Economic Evaluation

9.1 Introduction

The economic evaluation was completed by first performing a screening analysis
and then a detailed economic evaluation. The detailed economic evaluation, includ-
ing production cost modeling and capital costs, provided optimal long-range
expansion plans. The pumped storage plant was then substituted into the long-range
expansion plans replacing equivalent combustion turbine capacity, and the cumulative
present worth of the plans with and without the pumped storage project were
compared.

As agreed upon in our discussions and correspondence with EEA and HPPEA,
two base cases were evaluated. One case assumed that all combined cycle and
combustion turbines would u-¢ natural gas. The second case assumed that the
combustion turbines would be run on No. 2 oil.

9.2 Screening Analysis

The generation addition alternatives described in Section 8.0 were screened to
determine which alternatives provided the most economic promise for the UPS.
Those alternatives showing little merit were eliminated from detailed production cost
modeling and economic analyses.

The screening analysis is based on developing 20 year levelized total costs versus
capacity factor for the various generation alternatives. Total costs include fuel,
O&M, and capital costs and are based on the generation alternative characteristics
in Table 8-1 and the fuel price forecast in Table 7-1. The screening curves
developed are shown on Figures 9-1 and 9-2.

Figure 9-1 shows the screening curves developed for base and intermediate load
generation alternatives. Figure 9-1 includes screening curves for natural gas
fired/No. 6 oil fired steam and combined cycle units. coal fired units, and nuclear
units. Figure 9-1 indicates that a gas fired combined cycle unit is the most economi-
cal choice and a nuclear unit is the least economical choice. Additionally, the base
and intermediate capacity screening evaluation ranks the 600 MW gas/oil fired steam
unit as the second most economical unit at capacity factors of less than 55 percent.
At capacity factors greater than 55 percent, the 600 MW coal unit replaces the
gas/oil fired steam unit as the second most economical unit.

The screening curves shown on Figure 9-2 were developed to compare the vari-
ous oil and gas fired generation alternatives. Figure 9-2 indicates that a gas fired
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combined cycle unit is the most economical generation alternative at capacity factors
greater than approximately 10 percent. At capacity factors less than approximately
10 percent, a gas fired combustion turbine is the most economical alternative. An
oil fired combustion turbine is not as economical as a gas fired combustion turbine.
Figure 9-2 also indicates that a No. 6 oil fired steam unit is more economical than
a No. 2 oil fired combined cycle unit above 15 percent. This indicates that combined
cycles should not be constructed if a firm supply of natural gas is not avajlable. If
natural gas use is curtailed to the point where it is not available for combined cycle
units, then steam units that can use No. 6 oil should be constructed.

Based on the results of the screening analysis, the economically optimal expan-
sion plans developed for the UPS were composed of combustion turbines, 600 MW
gas/oil steam, 600 MW coal-steam, and 300 MW gas fired combined cycle unit
additions.

9.3 Detailed Economic Evaluation

The viability of the pumped storage project on the UPS depends on its economic
merit to replace thermal generating capacity. Therefore, the optimal long-range
expansion plans developed for the UPS were tested with and without the pumped
storage project and an economic comparison was made. The following paragraphs
discuss the development of the optimal expansion plans, and the economic
comparison with and without the pumped storage project.

9.3.1 Methodology

The detailed economic evaluation was completed in two parts. First, long-range
expansion plans were developed on the basis of economic criteria presented in
Section 7.0 and the capital costs presented in Section 8.0. Second, the pumped
storage project was integrated into the long-range expansion plan to determine its
economic viability.

The optimization process involves developing the cumulative present worth of
UPS comparative costs for the years 1995 through 2024 for a series of different
capacity expansion plans.

The EEA expansion plan (as provided by EEA) was used through the year 2000.
The long-range expansion plan was developed for 2001 through 2024. The basis for
comparison of alternative expansion plans was cumulative present worth costs
including both production costs and fixed charges.
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The production costs are determined by simulation of the entire UPS by the
POWRPRO software. Production costs include fuel and variable and fixed O&M for
all existing and future units,

The fixed charge component is calculated by applying the fixed charge rates
developed in Section 7.0 to the capital cost of various alternatives developed in
Section 8.0. The capital cost includes escalation and interest during construction as
calculated by POWRPRO spreadsheet software.

9.3.2 Long-Range Expansion Plans

The long-range capacity expansion plans from 2001 through 2024 were developed
from the technologies which passed the screening analysis. The technologies tested
are as follows:

e 100 MW combustion turbine.

e 300 MW combined cycle gas.

600 MW gas/oil steam.

e 600 MW coal.

Screening curves described in Section 9.2 indicate that combined cycle units are
the most economical baseload option. However, prudent utility practice precludes
the addition of one type of unit to the exclusion of all others. Thus, as agreed with
EEA and HPPEA, combined cycle capacity was limited to a maximum of 15 percent
of the total capacity. Similarly, coal fueled capacity was limited to 5 percent of the
total installed capacity.

Each long-range expansion plan was developed by evaluating numerou. plans.
Each plan was developed with unit additions to meet the 20 percent reserve margin
each year as described in Section 6.0. The expansion plan development was an
interactive process. Engineering judgment was used to produce a "starting point"
expansion plan. The production cost model, POWRPRO, was run for the study
period. A spreadsheet was then developed which added annual fixed charges for all
new generation plants to the annual production costs and provided a 1993 cumulative
present worth cost. The cumulative present worth cost was used as the basis for

economic comparison.

The "starting point" expansion plan was then changed by replacing one type of
generation with another type. The production cost model was rerun, and the
spreadsheet recalculated fixed charges and cumulative present worth. The new
cumulative present worth cost was compared to the previous cost. If the cost was
less, the process was repeated until savings were no longer produced by similar
replacements.
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Next, different capacity substitutions were made and the cumulative present
worth costs were compared. This process was repeated numerous times until no fur-
ther cumulative present worth cost reductions were identified by any combination of
unit addition schedules.

Tables 9-1and 9-2 present the long-range expansion plans, the annual production
costs, annual fixed costs, total annual costs, and cumulative present worth costs. The
long-range capacity expansion plar s shown in Tables 9-1 and 9-2 are consistent with
conclusions drawn from the screening curve analysis. Production cost simulations
show that the most economical long-range expansion plans consist of adding
combined cycle and coal units as soon as possible without compromising their
respective 15 and 5 percent capacity limits. Plans which eitner delayed or eliminated
combined cycle or coal unit additions produced higher cumulative present worth
costs. The remainder of unit additions are either gas/oil fired steam units or
combustion turbines.

A review of Tables 3-1 and 3-2 indicates that by the year 2005, almost all of the
UPS combustion turbine (peaking) units will have been converted to combined cycle
or retired. Thus, an increased demand for peaking capacity requires a large number
of combustion turbines in 2001 through 2005. As the combustion turbines that are
installed in 2000 through 2004 reach retirement in 2020 through 2024, additional
combustion turbines must be added to maintain the appropriate peaking/
intermediate /base capacity mix. The second case with combustion turbines on No. 2
oil requires relatively fewer combustion turbines and more No. 6 oil steam capacity
because of the higher production costs of combustion turbines on No. 2 oil.

9.3.3 Pumped Storage Evaluation

The pumped storage plant was evaluated by comparing the long-range expansion
plans with and without the pumped storage unit. The pumped storage unit is
expected to be approximately 600 MW. The long-range expansion plans were
modified by removing six 100 MW (rating at 100 F) combustion turbines and adding
the pumped storage unit. The pumped storage plant is modeled as four 150 MW
units.

Figures 9-3 and 9-4 show the UPS load duration curve for 2005 with and without
pumped storage for each expansion plan. Each curve shows the expected thermal
generation instead of total generation. Thermal generation does not include any load
supplied by hydro generation. The line representing the case without pumped stor-
age displays the thermal load duration curve. The line representing pumped storage
case was produced by subtracting the hourly peak shaving generation and adding the
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hourly pumping generation to the original thermal load file. Evident on Figures 9-3
and 9-4 is the effect of pumped storage to tend to smooth out the load duration
curve. The smoothing effect, filling in the valleys and clipping the peaks on an
hourly basis, translates to decreased fluctuations in demand for the thermal units.
The baseload units operating in conjunction with pumped storage are allowed to
operate more consistently and at higher, more efficient unit output. Additionally, less
starts are required by the peaking units reducing unnecessary thermal stresses and
reducing the amount of maintenance required by the peaking units.

9.4 Results

The results of the two plans without pumped storage are provided in Tables 9-1
and 9-2, and the results with pumped storage are provided in Tables 9-3 and 9-4.
Tables 9-1 through 9-4 give the results for the study period years of 1995 through
2324. The tables show that the 1993 cumulative present worth cost for the natural
gas long-range expansion plan without pumped storage is $51,511 million; the cumu-
lative present worth cost for the same plan with pumped storage is $51,563 million.
This indicates that the plan with pumped storage is approximately $51 million more
than the plan without pumped storage.

In the second expansion plan, the peaking units (combustion turbines) are fired
by No. 2 oil and natural gas is conserved for combined cycle units, Plans without and
with pumped storage were developed for the No. 2 oil scenario. Table 9-2 indicates
that the cumulative present worth cost of the No. 2 oil plan without pumped storage
is $52,630 million, and Table 9-4 shows that the cumulative present worth cost with
pumped storage is $52,581 million. The plan with pumped storage is $49 million less
than the plan without pumped storage. The savings achieved by the pumped storage
plan result from the increased differential cost between the base generation units,
primarily burning low cost No. 6 fuel oil, and peaking units burning the higher cost
No. 2 fuel oil.

To complete the economic evaluation, consideration must be given to the
remaining years of life of the pumped storage project from 2025 through 2052.
During this end-effects period, the pumped storage plant has both fixed charge and
production cost benefits over the combustion turbine alternative. The combustion
turbine alternative with its shorter life (which is assumed to be 20 years), must be
replaced in 2023 and again in 2043. Calculation of end-effects period benefits are
included in Appendix G.

Addition of end-effects period results to study period results is summarized in
Table 9-5. The natural gas plan with pumped storage has a $56 million end-effects
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period savings over the same plan without pumped storage, which gives pumped
storage a $5 million net savings over the life of the project. The No. 2 oil plan with
pumped storage has a $143 million end-effects period savings over the same plan
without pumped storage which give pumped storage a $192 million net savings over
the life of the project.

9.5 Sensitivity Analysis

In addition to the evaluation under the base study parameters, two more analyses
were performed to assess the sensitivity of the study to uncertainties in projected
study parameters. Sensitivity to changes in the fuel price forecast and selected
financial parameters were evaluated. The evaluation criteria for each of the
sensitivity analyses are identified in Section 7.0.

The methodology consisted of taking the two base long-range expansion plans
developed previously, and testing the plans with modified parameters. In the case
of the fuel price sensitivity, new production cost simulation was performed.

9.5.1 Fuel Price Sensitivity

For the analysis, it was assumed that natural gas and oil price escalation rates
would be 1 percent per year higher than in the base cases. Sensitivity fuel prices are
provided in Table 7-3. All other fuel escalation rates are assumed to remain the
same as in the base fuel price forecast.

Tables 9-6 and 9-7 present the cumulative present worth costs of the natural gas
long-range expansion plan with and without pumped storage. Tables 9-8 and 9-9
present the cumulative present worth costs for the No. 2 oil plan.

9.5.2 Financial Sensitivity

An interest rate of 7-1/2 percent and a corresponding discount rate of 6.96 per-
cent were the base parameters. Additionally, it was assumed that loans from foreign
sources for capital additions would be comprised of 60 percent commercial loans at
7-1/2 percent and 40 percent soft loans at 3 percent. For the sensitivity analysis, an
interest rate of 6-1/2 percent, a discount rate of £.48 percent, and commercial loans
from foreign sources at 6-1/2 percent were assumed. Financial sensitivity parameters
are provided in Table 7-2.

Tables 9-10 and 9-11 present the cumulative present worth costs of the natural
gas long-range expansion plan with and without pumped storage. Tables 9-12 and
9-13 present the cumulative present worth costs for the No. 2 oil plan,

091693 9-6



9.5.3 Sensitivity Results

Table 9-14 summarizes the results of the sensitivity analysis during the study
period years 1995 through 2024. Table 9-15 summarizes the results with end-effects
period results included.
9.5.3.1 Fuel Price Sensitivity. Higher natural gas and oil prices make the pumped
storage project more feasible because the difference between pumping cost and
peaking cost is greater. Thus, there is more fuel savings to be derived from reducing
peaking thermal generation. In the natural gas case, the production cost savings due
to pumped storage were increased by approximately $4 million in the study period
compared to vsing the expected fuel price forecast and by an additional $5 million
in the end-effects period. However, in the No. 2 oil case, the production cost savings
were increased by $30 million in the study period and by an additional $35 million
in the end-effects period.

In the natural gas case, both the pumping and peaking generations are fueled by
the same priced natural gas or No. 6 oil. Therefore, the difference in pumping and
peaking costs result mainly from the difference in efficiency of the units. In the
No. 2 oil case, the cost difference includes not only the efficiency difference but also
a fuel cost difference.

In the natural gas case, the fuel for both pumping and peaking generations
increased at the same rate. In the No. 2 oil case, both fuels also increased at the
same rate; however, the absolute difference between the fuels is greater because the
No. 2 oil has a higher price. Thus, it is expected that the fuel price sensitivity has
a greater effect on the No. 2 oil case.
9.5.3.2 Financial Sensitivity. Lower interest rates would affect all generation
expansion technologies. However, the effect on the pumped storage project is
greater than on the combustion turbines which it replaces. Therefore, it is expected
that the capital cost component of the cumulative present worth costs would decrease
more for the pumped storage cases than for the nonpumped storage cases.

In the natural gas case, the reduced interest rates reduce the cumulative present
worth loss by approximately $3 million in the study period and provide an additional
savings of $13 million in the end-effects period compared to using the expected
interest rates. In the No. 2 oil case, the reduced interest rates provide an increase
in present worth savings of $13 million in the study period and an additional $32
million in the end-effects period.

The lower interest rates not only lower the fixed charge rates, but also lower the
present worth discount rate. Tables 7-1 and 7-2 indicate that the discount rate is
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reduced from 6.96 percent to 6.48 percent. A reduction in the discount rate causes
future savings (or losses) to have greater value at present.

In the natural gas case, the pumped storage project produces annual losses
through 2021. These losses, brought back at a lower discount rate, represent a
greater loss in today’s dollars compared to the base parameters. The lower discount
rate reduces the effect of the lower interest rates.

In the No. 2 oil case, the pumped storage project provides annual savings starting
in 2009. The annual losses before 2009 tend to cancel the annual savings after 2009,
Thus, the effect of the lower discount rate is reduced in the No. 2 oil case, and the
effect of the lower interest rates is more pronounced.
9.5.3.3 Results. The sensitivity analysis indicates that the natural gas case is
relatively insensitive to fuel price and interest rates. The sensitivity analysis doe , not
change the conclusions for this case. The No. 2 oil case is more sensitive to fuel
price and interest rates with the pumped storage project providing greater savings
under both assumptions.
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Table 9-1
Natural Gas Expansion Plan Without Pumped Storage

Levehized
Capntal
Unit Additions UPS Production Costs Costs Total Revenue Requirements
1993 Cumulative
100 MW 600 MW 600 MW 300 MW 600 MW Fuel 0o&M Startup | Total Total Annual Present Worth

Year | CT Qil-ST Coal cc PS ($1,000) (31,000) ($1,000) | ($1,000) ($1,000) ($1.000) ($1,000)

1995 887,769 41,201 2439 931,409 0 931,409 761,160
1996 1,017,189 44,503 3,082 1,064,773 0 1,064,773 1,574,687
1997 1,174,294 47,707 3815 1,225,816 0 1,225,816 2,450,312
1998 1,370,765 51,366 4,692 1,426,824 0 1,426,524 3,403,200
1999 1,601,097 55,795 sa7 1,662,309 0 1,662,309 441,115
2000 {0 0 0 0 1,885,859 60,527 5,643 1,952,030 0 1,952,030 5,580,618
2001 | 8 0 0 0 2,104,581 2,14 4,99 2,181,717 33,374 2,215,091 6,789,542
2002 | 7 0 1 0 2,296,691 160,984 5,585 2,403,260 132,282 2,535,542 8,083,311
2003 § 6 1 0 0 0 2,524,480 115,381 6,310 2,646,171 217,300 2,863,480 9,449,337
2004 112 0 0 0 2,799,719 132,818 7,504 2,940,101 272,628 3,212,729 0,882,242
2005 |10 0 0 1 3,084,278 157,875 8,581 3,250,734 339,480 3,590,213 12,379,312
2006 |3 1 0 1 3,410,762 182,586 9,654 3,603,003 433,408 4,036,411 13,952,917
2007 {1 2 0 0 3,769,445 203,550 10,926 3,983,920 561,426 4,545,146 15,609,625
2008 |11 0 0 1 4,167,958 235,969 12,086 4,416,013 640,624 5,056,637 17,332,761
2009 | 4 1 0 1 4,577836 268,185 13,404 4,859,425 750,466 5,609,891 19,120,033
2010 § 2 1 1 0 4,959,785 317,184 15,032 5,292,001 921,889 6,213,889 20,970,914
2011 5 1 0 1 5,430,310 356,400 16,563 5,803,273 1,045,546 6,848,819 22,878,171
2002 | 6 1 0 1 5,915,207 398,001 18,013 6,331,222 1,179,630 7510852 24,833,687
2013 | 8 1 0 0 6,461,828 43744 19,747 6,919,069 1,305,691 8,224,760 26,835,732
2014 N 0 0 2 6,981,620 495,009 21,548 7,498,176 1,428,655 8,926,831 28,867,278
2015 1 2 0 1 7527430 544,654 23,293 8,095,378 1 626,331 9,721,709 30,935,755
2016 8 1 0 0 8,171,792 593,696 25,083 8 THL5T1L 1,766,332 10,556,903 33,035,773
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Table 9-1 (Continued)

Natural Gas Expansion Plan Without Pumped Storage

Levelized
Capital
Unnt Additions UPS Production Costs Costs Total Revenue Requirements
1993 Cumulative
100 MW 609 MW 600 MW 300 MW 600 MW Fuel 0&M Startup Total Total Annual Present Worth
Year | CT Oil-ST Coal CcC Ps (51,000) (51,006) ($1,000) | ($1,000) (51,000) ($1,000) (51,000
2017 7 1 0 1 8,823,887 653,910 27,107 9,504,904 1,933,142 11,438,046 35,163,015
2018 8 1 1 4 9,537,532 768,585 29,600 10,335,718 2,325,376 12,661,094 37,364,496
2019 7 2 0 3 10,260,153 867,228 32,459 11,159,840 2,660,935 13,820,776 39,611,246
2020 5 3 0 3 11,109,635 971,922 35,176 12,116,733 3,090,973 15,207,706 41,922 591
2021 19 1 0 1 12,040,755 1,067,892 37,681 13,146,328 3,346,825 16,493,153 44,266,190
202 (2 1 0 1 13,083,931 1,176,388 40,847 14,301,166 3,624,365 17,925,531 46,647,578
2023 |13 2 0 1 14,119,401 1,287,714 44,454 15,451,570 3,969,552 19,421,122 49,059,766
2024 |21 2 0 1 15,288,554 1,410,314 48,044 16,746,913 4,366,237 21,113,150 51,511,472




y\%

€69160

11-6

No. 2 Oil Expansion Plan Without Pumped Storage

Table 9-2

I| Levelized
Capuat

Unit Additions UPS Production Costs Costs Total Revenue Requirements

“ 1993 Cumulative

100 MW | 600 MW | 600 MW | 300 MW | 600 MW Fuel o&M Startup Total Total Annua! Present Wonly

Year | CT Oil-ST Coal CcC PS (51,000) (51,000) (51,000) ($1,000) ($1,000) (51,000) (31.000)

1995 887,775 41,199 2,437 931,410 0 931410 761,162
1996 1,017,214 44,494 3,081 1,064,789 0 1,064,789 1,574,700
1997 i 1,174,356 47,659 3,806 1,225,821 0 1,225,821 2,450,329
1998 1,370,807 51,373 4,663 1,426,843 0 1,426,843 3,403,230
1999 1,601,216 55,790 5,427 1,662,433 0 1,662,433 4,441,223
2000 0 0 0 0 1,885,847 60,499 5,659 1,952,005 0 1,952,005 5,580,711
2001 2 1 0 0 2,094,701 70,845 5,529 2,171,075 58,020 2,229,005 6,797,278
2002 1 1 1 0 2,284,501 100,058 6,561 2,391,120 182,463 2,573,583 8,110,458
2003 6 1 0 0 2,518,262 113,900 7,726 2,639,888 268,127 2,908,015 9,497,728
2004 0 2 0 0 2,782,717 130,284 8,693 2,921,694 378452 3,300,146 10,969,622
2005 4 1 0 1 3,061,511 153,618 10,242 3,225,371 474,278 3,699,648 12,512,325
2006 3 1 0 1 3,393,006 178,294 11,397 3,582,697 568,502 4,151,199 14,130,681
2007 1 2 0 0 3,757,745 200,481 13,051 3,971,217 696,622 4,667,898 15,832,058
2008 | 5 1 0 1 4,146,984 230,159 14,706 4,391,849 808,465 5,200,314 17,604,154
2009 4 1 0 1 4,563,443 261,626 16,397 4,841,467 918,743 5,760,210 18,439,317
2010 | 2 1 1 0 4,957,367 311,790 18,286 5,287443 1,090,391 6,377,834 21,339,030
2011 5 1 0 1 5,436,203 349,718 20,183 5,806,104 1,214,630 7,020,734 23,294,162
2012 0 2 0 1 5,906,519 391,741 22,265 6,320,525 1,386,213 7,706,738 23,300,678
2013 2 2 0 0 6,439,619 428,963 24,092 6,892,675 1,551,502 8444177 27,356,134
2014 5 1 0 2 6,946,965 483,792 27,010 7457,767 1,715,625 9,173,392 29,143,791
2015 1 2 0 1 7.507,311 536,544 28,592 807216 1,913,434 9,985,880 31,568,475
2016 2 2 0 0 8,133,626 583,085 31,122 5,747.833 2097 481 10,815,315 33,725,805




No. 2 Oil Expansion Plan Without Pumped Storage

Table 9-2 (Continued)

W.!

I

S
:g Levehzed
% Caputal
w Unit Additions UPS Preduction Costs Costs Total Revenue Requirements
1993 Cumulative
100 MW 600 MW 600 MW 300 MW 600 MW Fuel o&M Startup Total Total Annual Present Worth
il Year | CT Oil-ST Coal cC PS ($1,000) (81 000) (31,000) (51,000) ($1,000) (51,000) ($1000)
2017 7 1 0 1 8,799,185 641,535 33,869 9,474,589 2,265,287 | 11,739,875 35,909,242
2018 8 1 1 4 9,527,582 752,233 36,938 10,316,753 2,658,696 | 12,975,449 38,165,382
2019 7 2 0 3 10,271,156 850,973 40,714 11,162,843 2,995,319 14,158,162 40,466,979
2020 5 3 0 3 11,149,141 955,130 44,039 | 12,148,311 3,426,142 | 15,574,453 42,834,063
2021 7 2 0 1 12,063,576 | 1,045,454 47,258 13,156,287 3,712,375 16,868,662 45,231,020
2022 8 2 0 1 13,091,866 | 1,146,755 51,837 | 14,290,458 4,021,868 | 18,312,326 47,663,793
¢ 2023 7 3 0 1 14,117,290 1,256,973 55,909 15,430,173 4,425,177 | 19,855,350 50,129914
o “ 2024 9 2 0 1 15,322399 | 1,376,710 59,969 16,759,077 4,771,143 | 21,530,221 52,630,051
—t
[\
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Natural Gas Expansion Plan With Pumped Storage

Table 9-3

Levelized
Caputal
Unit Additons UPS Production Costs Costs Total Revenue Requirements
1993 Cumulative
100 MW | 600 MW | 600 MW | 300 MW | 600 MW | Fuel o&M Startup Total Total Annual Present Worth

Year | CT Oul-ST Coal CC PS (3,000) (51,000) ($1,000) ($1,000) ($1,000) ($1,600) (31,000)

1995 887,769 41,201 2,439 931,409 0 931,409 761,160
1996 1,017,189 44,503 3,082 1,064,773 0 1,064,773 1,574,687
1997 1,174,294 47,707 3,815 1,225,816 0 1,225,816 2,450,312
1998 1,370,765 51,366 4,692 1,426,824 0 1,426,824 3,403,200
1999 1,601,097 55,795 5417 1,662,309 0 1,662,309 4,441,115
2000 0 0 (] 0 1,885,859 60,527 5,643 1,952,030 0 1,952,030 5580618
2001 8 0 0 0 2,104,581 72,141 4,996 2,181,717 333% 2,215,091 6,789,542
2002 7 0 1 0 2,296,743 100,991 5,585 2,403,320 132,282 2,535,602 8,083,342
2003 0 1 0 0 1 2,521,522 115,653 5,580 2,642,756 230,711 2,873,468 9,454,132
2004 |12 0 0 0 2,799,101 132,736 6,845 2,938,681 286,030 3,224,711 10,892,380
2005 | 10 (] 0 1 3,085,098 157,639 7,858 3,250,595 352,881 3,603,477 12,394,981
2006 3 1 0 1 3,410,948 182,446 9,059 3,602,453 416,810 4,049,263 13,973,597
2007 1 2 0 0 3,770,636 203,409 10,025 3,984,070 574,828 4,558,898 15,635,245
2008 | 11 0 0 1 4,168,369 235,687 11,329 4,415,385 654,026 5,069,411 17,362,733
2009 4 1 0 1 4,576,407 267,518 12,516 4,856,441 763,868 5,620,310 19,153,325
2010 2 1 1 0 4,960,792 316977 14,219 5,291,989 935,291 6,227,279 21,008,194
2011 5 1 0 1 5429,518 356,019 15,547 5,801,084 1,058,948 6,860,032 22918573
2012 6 1 0 1 5,914,081 397,622 17,144 6,328,847 1,193,032 7521879 24,876,960
2013 8 1 0 0 6,459,983 436,662 18,743 6,915,388 1,319,093 £,234,481 26,881,372
2014 1 0 0 2 6,978,788 493812 20,488 7.493,089 1442,057 8,935,146 28,914,810
2015 1 2 0 1 7525,148 543,930 22,164 8,091,242 1,639,733 9,730,975 30,985,258
2016 8 1 0 0 8,168,794 592,738 23810 8,785,341 L779,734 10,565,075 33,086,902
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Natural Gas Expansion Plan With Pumped Storage

Table 9-3 (Continued)

-

Levelized
Capual
Unit Additions UPS Production Costs Costs Total Revenue Requirements
1993 Cumulative
100 MW | 600 MW | 600 MW | 300 MW | 600 MW Fuel o&M Startup Total ‘Totat Annual Present Worth
Year | CT Oil-ST Coal cC PS (51,000) (5$1,000) ($1,000) ($1,000) (51,000) ($1,000) ($1,000)
2017 7 1 0 1 8,820,673 653,204 25,909 9,499,786 1,946,544 11,446,330 35,215,685
2018 8 1 1 4 9,533,306 767,378 28,177 10,328,861 2,338,778 12,667,639 37418304
2019 7 2 0 3 10,255,752 866,007 31,045 11,152,804 2,674,337 13,827,141 39,666,089
2020 5 3 0 3 11,104,813 970,791 33,827 12,109,431 3,104,375 15,213,806 41,978,360
2021 119 1 0 1 12,035446  |1,066,701 36,302 13,138,449 3,360,227  |16498,676 44,322,744
2022 | 20 1 0 1 13,078,570 1,175,179 39,354 14,293,103 3,637,767 17,930,870 46,704,842
2023 7 2 0 1 14,113,580  |1,286,319 42,830 15,442,730 3,952,854 19,395,584 49,113,857
2024 |21 2 0 1 15282515  {1,408,821 46,344 16,737,679 4,349,538 121,087,218 51,562,552
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No. 2 Oil Expansion Plan With Pumped Storage

Table 9-4

Levehzed
Capital
Unit Additions UPS Production Costs Costs Total Revenue Requirements
“ 1993 Cumulative
100 MW 600 MW 600 MW 300 MW 600 MW Fucl 0&M Startup Total Totat Annual Present Worth

Year | CT Oil-ST Coal CcC PS ($1,000) ($1,000) (51,000) ($1,000) (51,000) ($1,000) ($1.000)

1995 887,775 41,19 2,437 931,410 0 931,410 761,162
1996 1,017,214 44,494 3,081 1,064,789 0 1,004,789 1,574,700
1997 1,174,356 47,659 3,806 1,225,821 0 1,225,821 2,450,329
1998 1,370,807 51373 4,663 1,426,843 0 1,426,843 3,403,230
1999 1,601,216 55,79 5427 1,662,433 0 1,662,433 4,441,223
2000 {0 0 0 0 1,885,847 60,499 5,659 1,952,005 0 1,952,005 5,580,711
2001 |2 1 0 0 2,094,701 70,845 5,529 2,171,075 58,020 2,229,095 6,797,278
2002 |1 1 1 0 2,284,501 100,058 6,561 2,391,120 182,463 2,575,583 8,110,458
2003 | O 1 0 0 1 2,507,713 114,816 6,256 2,628,785 280,892 2,900,677 9,498,522
2004 |0 2 0 0 2,773,107 131,340 7,269 2,911,717 391,218 3,302,935 10,971,659
2005 |4 1 0 1 3,050,008 154,641 8,660 3,213,308 487,043 3,700,351 12,514,655
2006 |3 1 0 1 3,381411 179,394 9,842 3,570,647 581,268 4,151915 14,133,290
2007 1 2 0 0 3,746,023 201,754 11,576 3,959,352 709,387 4,668,740 15,834,974
2008 15 1 0 1 4,134,041 231,347 13,090 4378478 821,231 5,199,709 17,606,863
2009 {4 1 0 1 4,546,777 262,878 14,694 4,824,319 931,509 5.755.858 19,440,640
2010 |2 1 1 0 4,941,491 313,228 16,641 5,271,360 1,103,156 6,374,517 21,339,365
2011 |5 1 0 1 5,415,781 351,011 18,268 5,785,060 1,227,395 7,012,456 23,292,191
2012 | O 2 0 1 5,889,775 393,296 20,464 6,303,535 1,398,979 7,702,514 25,297,608
2013 |2 2 0 0 6,421,230 430,692 22,319 6,874,241 1,564,268 8,438,509 27.351,684
2014 |5 1 0 2 6,925,228 485,334 24,839 7,435,401 1,728,390 9,163,791 29437,156
2015 |1 2 0 1 7,487,827 538411 26,834 8,053,071 1,926,200 9,979,271 31,560,434
2016 |2 2 0 0 8,113,063 581,901 28,797 8,726,761 2,110,247 10,837,008 33,716,171
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No. 2 Oil Expansion Plan With Pumped Storage

Table 9-4 (Continued)

Levelized
Capital
Unit Additions UPS Production Costs Costs ‘Total Revenue Requirements
1993 Cumulative
100 MW | 600 MW | 600 MW | 300 MW | 600 MW Fuel 0&M Startup ‘Total Total Annual Present Worth
Year | CT 0il-ST Coal CcC PS (51,000) (51,000) ($1,000) (51,000) {(31,000) (51,000) (51,000)
2017 {7 1 0 1 8,773,371 643318 32,022 9,448,711 2,278,052 11,726,763 35,897,109
2018 |8 1 1 4 9,496,054 753,849 34,323 10,284,227 2,671,462 12,955,688 38,149,814
2019 |7 2 0 3 10,235,596 852,586 38,047 11,126,230 3,008,084 14,134,314 40,447,534
2020 | S 3 0 3 11,108,191 956,664 41,210 12,106,064 3,438,907 15544972 42,810,138
2021 |7 2 0 1 12,022,645 1,047,060 4,672 13,114,377 3,725,140 16,839,517 45,202,953
2022 |8 2 0 1 13,046,279 1,148,217 48,645 14,243,141 4,034,634 18,271,775 47,631,136
2023 |1 3 0 1 14,071,495 1,258,637 52,778 15,382,919 4,407,240 19,790,150 50,089,159
2024 19 2 0 1 15270,630 1,378,248 56,931 16,705,810 4,753,207 21,459,016 52,581,028
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Table 9-5

($ Million)

Natural Gas No. 2 Oil
(51) 49
56 143
5 192
9-17



€69160

81-6

Table 9-6
Natural Gas Expansion Plan Without Pumped Storage - Fuel Sensitivity

Levelized
Capital
Unit Additions UPS Production Costs Costs Total Revenue Requirements
1993 Cumulative
100 MW 600 MW 600 MW 300 MW 600 MW Fuel o&M Startup Total Total Annual Present Worth

Year | CT O1l-ST Coal CcC PS (31,000) (51,000) ($1,000) ($1,000) ($1,000) ($1,000) ($1,000)

1995 913,820 41,195 2,511 957,527 0 957527 782,54
1996 1,056,670 44,520 3,203 1,104,393 0 1,104,393 1,626,301
1997 1,233 413 47,844 4,010 1,285,267 0 1,285,267 2,544,394
1998 1,443,208 51,822 4,945 1,499,975 0 1,499,975 3,546,136
1999 1,708,978 56,542 5,790 1,771,310 0 1,771,310 4,652,109
2000 0 0 0 0 E 2,031413 61,030 6,087 2,098,531 0 2,098,531 5877132
2001 8 0 0 0 2,287,613 72814 5436 2,365,863 33,374 2,399,236 7,186,557
2002 7 0 1 0 2,506,272 101,752 6,116 2,614,140 132,282 2,746,422 8,587.928
2003 6 1 0 0 0 2,784,052 116,279 6,944 2,907,275 217,309 3,124,584 10,078,514
2004 |12 0 0 0 3,117,795 133,859 8435 3,260,089 272,628 3,532,717 11,654,136
2005 10 0 0 1 3,466,624 158,932 9,690 3,635,246 339,480 3,974,725 13,311,543
2006 3 1 0 1 3,871,836 183,756 11,054 4,066,646 433,408 4,500,054 15,065,901
2007 1 2 0 0 4,318,185 204,665 12,549 4,535,399 561,426 506,825 16,923,614
2008 |1 0 0 1 4,824,411 237,124 14,125 5,075,660 640,624 5,716,284 18,871,536
2009 4 1 0 1 5,350,693 269,367 15,773 5.6358H 750,466 6,386,300 20,906,167
2010 2 1 1 0 5822357 318,421 17,789 6,158,567 921,889 7,080,456 23,015,164
2011 5 1 0 1 6,437,983 357,670 19,833 6,815,487 1,(45,546 7,861,032 25,204,302
2012 6 1 0 1 7,090,511 399,313 21,761 7,511,585 1,179,630 8,691,215 27467,136
2013 8 1 0 0 7,810,299 438,860 24,126 8,273,286 1,305,691 9578977 29,798,821
2014 1 0 0 2 8529972 496,354 26,603 9,052,929 1,428,655 10,481,584 32,184,193
2015 1 2 0 1 9,272,605 546,146 29,002 9,847,752 1,626,331 11,474,083 34,625,520
2016 8 1 0 0 10,175,205 595,113 31,626 10,801,945 1,766,332 12,508,276 37,125,618
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Natural Gas Expansion Plan Without Pumped Storage - Fuel Sensitivity

Table 9-6 (Continued)

Levelized
Caputal
Unit Additions UPS Production Costs Costs Total Revenue Requirements
1993 Cumulative
100 MW | 600 MW | 600 MW | 300 MW | 600 MW Fuel 0&M Startup Totat l'otal Annual Present Worth
Year | CT Oul-ST Coal CcC PS ($1,000) (51,000) ($1,000) ($1,000) (3$1,000) ($1,000) ($1,000)
2017 7 1 0 1 11,096,977 655,356 34,294 11,786,627 1,933,142 13,719,770 39,677,245
2018 8 1 1 4 12,046,023 | 770,050 37875 12,853,947 2,325,376 15,179,323 42,316,589
2019 7 2 0 3 13,101,169 868,550 41,938 14,011,656 2,660,935 16,672,592 45,026,940
2020 5 3 0 3 14,328,133 973,371 45979 15,347,483 3,000,973 18,438 456 47,829,310
2021 19 1 0 1 15,689,176 1,069,228 { 49,760 16,808,164 3,346,825 20,154,989 50,693,239
2022 {20 1 0 1 17,205,914 1,177,657 | 54431 18,438,001 3,624,365 22,062,367 53,624,201
2023 13 2 0 1 18,774,493 1,289,050 | 59,884 20,123,427 3,969,552 24,092,980 56,616,654
2024 [ 21 2 0 1 20506966 | 1411443 | 65,231 21,983,640 4,366,237 26,349.877 59,676,460
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Table 9-7
Natural Gas Expansion Plan With Pumped Storage - Fuel Sensitivity

Levelized
Capnal
Unit Addnions UPS Production Costs Costs Total Revenue Requirements
1993 Cumulatave
100 MW | 600 MW | 600 MW | 300 MW | 600 Fuel 0&M Startup ‘Fotal Total Annual Present Worth

Year | CT Qil-ST Coal CC MW PS { (3$1,000) (31,000) ($1,000) (51,000) (51,000) ($1.000) (31,000)

1995 913,820 41,195 2511 957,527 0 957,527 78254

1996 1,056,670 44,520 3,203 1,104,393 0 1,104,393 1,626,301

1997 1,233413 47844 4,010 1,285,267 0 1,285,267 25443

1998 1,443,208 51,822 4,945 1,499,975 0 1,499,975 3,546,136 |
1999 1,708,978 56,542 5790 1,771,310 0 1,771,310 4,652,109

2000 0 0 0 0 2,031,413 61,030 6,087 2,098,531 0 2,098,531 5877,132

2001 8 o 0 0 2,287,613 72,814 5436 2,365,863 33,374 2,399,236 7,186,557 i
2002 7 0 1 0 2,506,320 101,758 6,116 2,614,194 132,282 2,746,476 8,587,956

2003 0 1 0 0 1 2,779,494 116469 6,125 2,902,088 230,711 3,132,800 10,082,461

2004 |12 0 0 0 3,116,977 133,654 7,657 3,258,288 286,030 3,544,318 11,663,257

2005 |10 0 0 1 3,467,653 158,642 8,922 3,635,218 352,881 3,988,099 13,326,240

2006 3 1 0 1 3,872,136 183416 10,311 4,065,863 446,810 4,512,673 15,085,517

2007 1 2 0 0 4,319,959 204,511 11,596 4,536,066 574,828 5,110,894 16,948,359

2008 | 11 0 0 1 4,825,269 236,680 13212 5,075,161 654,026 5,729,187 18,900,678

2009 4 1 0 1 5,319.461 268,666 14,836 5,632,963 763,868 6,396,831 20,938,664

2010 2 1 1 0 5,823,538 318,013 16,748 6,158,299 935,291 7,093,590 23,051,573

2011 5 1 0 1 6,437,196 357,223 18,584 6,813,003 1,058,948 7,871,951 25,243,752

2012 6 1 0 1 7,090,274 398,952 20,609 750,835 1,193,032 8,702,867 27,509,619

2013 8 1 0 0 7,808,550 437976 22899 8,269,425 1,319,093 9,588,518 29,843,626

2014 11 0 0 2 8,525,705 495,206 25,349 9,046,201 1,442,057 10,488,317 32,230,531

2015 1 2 0 1 9,269-408 545,277 27,667 9,842,352 1,639,733 11,482,085 34.673,561

2016 8 1 0 (V] 10,171,942 594,306 30,116 10,796,364 1.779.73 12,576,098 37,175,244
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Table 9-7 (Continued)
Natural Gas Expansion Plan With Pumped Storage - Fuel Sensitivity

Total Revenue Require.icats ,

Levehzed
Capital
Unit Additions UPS Production Costs Costs
1993 Cumulative
100 MW | 600 MW | 600 MW | 300 MW | 600 Fuel o&M Startup Total Total Annual Present Wonh

Year | CT Oil-ST Coal cC MW PS | (51,000) ($1,000) ($1,000) (51,000) (51,000) ($1,000) ($1,000)
2017 7 1 0 1 11,092,241 654,489 32918 11,7M,648 1,916,544 13,726,192 39,728,035
2018 8 1 1 4 12,041,500 768,984 36,168 12,846,651 2,338,778 15,185,429 42,368,442
2019 7 2 0 3 13,095,748 867,449 40,107 14,003,303 2,674,337 16,677,641 45,079,613
2020 5 3 0 3 14,322,725 972,250 44,043 15,339,018 3,104,375 18,443,393 47,882,734
2021 |19 1 0 1 15,681,381 1,068,118 48,236 16,797,735 3,360,227  |20,157,962 50,747,085
2022 |20 1 0 1 17,198,551 1,176,484 52472 18,427,508 3,637,767 22,065,275 53,678,434
2023 7 2 0 1 18,767,129 1,287,647 57,664 20,112,440 3,952,854 24,065,294 56,667,447
2024 |1 21 2 0 1 20,498,729 1,409,945 62,909 21,971,583 4,319538  |26,321,122 59,723915
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No. 2 Oil Expansion Plan Without Pumped Storage - Fuel Sensitivity

Table 9-8

Levehzed
Capital
I Unit Additions UPS Production Costs Costs Total Revenue Requirements
1993 Cumulative
100 MW | 600 MW | 600 MW | 300 MW | 600 MW Fuel o&M Startup Total Total Annual Present Wourth
Year | CT Oil-ST Coal CcC PS (51,000) ($1,000) (31,000) ($1,000) ($1,000) (51,000) (51,000)
1995 913,859 41,193 2512 957,564 0 957,564 762,535
1996 1,056,697 44,511 3,203 1,104,410 0 1,104,410 1,626,345
1997 1,233,480 47,794 4,001 1,285,275 0 1,285,275 251,443
1998 1,443,252 51,829 4915 1,499,996 0 1,499,996 3,546,199
1999 1,709,106 56,537 5,801 1,771,443 0 1,771.443 4,652,255
2000 1o 0 0 0 2,031,344 61,019 6,108 2,098,471 0 2,09847 5.877,243
2001 |2 1 V] 0 2,276,771 71,546 6,011 2,354,328 58,020 2412348 7,193,824
2002 |1 1 1 0 2,492,756 100,871 7,199 2,600,827 182,463 2,783.2% 8,614,007
2003 |6 1 0 0 2,776,733 114,864 8,609 2,900,206 268,127 3,168,333 10,125,463
2004 | O 2 0 0 3,093,485 131,359 9,735 3,239,578 378,452 3,618,031 11,739,136
2005 {4 1 0 1 3,440,894 154,790 11,578 3,607,263 474278 4,081,541 13,441,083
20606 |3 1 0 1 3,851,437 179,513 13,060 4,044,009 568,502 4,612,511 15,239,283
2007 |1 2 0 0 4,305,261 201,776 15,120 4,522,158 696,622 52187 17,141,447
2008 |5 1 0 1 4,800,475 231473 17,120 5,049,068 808,465 5,857,534 19,137,502
2009 | 4 1 0 1 5333,875 262,964 19,272 5,616,111 918,743 6,531,854 21,219.461
2010 |2 1 1 0 5,819,790 313,164 21,708 6,154,662 1,090,391 7,245,053 23,377,486
2011 |5 1 0 1 6,445,073 351,122 [24,181 6,820,376 1,214,630 8,035,006 25,615,072
2012 o 2 0 1 7,080,002 293,237 27,077 7,500,317 1,386,213 8,886,530 27,928,757
2013 |2 2 0 0 7,783,146 430,474 29,551 8,243,171 1,551,502 9,794,674 30,312,946
2014 |S 1 0 2 8,487,427 485,344 33,326 9,006, 1,715,625 10,721,72§ 32,752,968
2015 1 2 0 1 9,246,536 538,182 35,920 9,520,639 1913434 11,734,073 35,249.613
2016 2 2 0 0 10,127,061 583,747 39.014 10,750 822 2(M7 481 12,818,304 37K05,445 "
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No. 2 Oil Expansion Plan Without Pumped Storage - Fuel Sensitivity

Table 9-8 (Continued)

1
Levehized
Capital
Unit Additions UPS Production Costs Costs Total Revenue Requirements
1993 Cumulative
100 MW | 600 MW 1 600 MW 300 MW 600 MW Fuel o&M Startup Total Total Annual Present Worth
Year | CT 0Oil-ST Coal cC PS ($1,000) (51,000) (51,000) (51,000) (31,000) (51,000) (51,000)
2017 |7 1 0 1 11,064,933 643,238 43,030 11,751,201 2,265,287 14,016,488 40,412,225
2018 |8 1 1 4 12,033,444 753,946 147,230 12,834,620 2,658,696 15,493,316 43,106,166
2019 |7 2 0 3 13,115,188 852,679 |52,714 14,020,581 2,995,319 17,015,900 45,872,326
2020 | S 3 0 3 14372418 956,858 |57,613 15,392,889 3,426,142 18,819,031 48,732,538
2021 |7 2 0 1 15,720,089 1,047,226 62,126 16,829,441 3,712,375 20,541,816 51,651,432
2022 (8 2 0 1 17,216,098 1,148,548 | 68,976 18,433,623 4,021,868 22455491 54,634,621
2023 |7 3 0 1 18,771,628 1.258,817 174,754 20,105,199 4,425,177 24,530,376 57,681,400
2024 |9 2 0 1 20,552,886 1,378,557 }81,352 22,012,796 4,771,143 26,783,939 60,791,611
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Table 9-9
No. 2 Oil Expansion Plan With Pumped Storage - Fuel Sensitivity

Levelized
Caputal
Unit Additions UPS Production Costs Costs Total Revenue Requirements
1993 Cumulative
100 MW | 600 MW | 600 MW { 300 MW | 600 MW Fuel o&M Startup Totat Total Annual Present Worth

Year | CT Oil-ST Coal cC PS ($1,000) ($1,000) (51,000) (51,000) (31.000) (31,000) ($1,000)

1995 913,859 41,193 2512 957564 o 957504 782,535
1996 1,056,697 44,511 3,203 1,104,410 0 1,104,410 1,626,345

1997 1,233,480 47,794 4,001 1,285,275 0 1,285,275 254,443
1998 1,445,252 51,829 4915 1,499,996 0 1,499,996 3,546,199
1999 1,709,106 56,537 5,801 1,771,443 0 1,771,443 4,652,255
200 o0 0 0 0 2,03134 61,019 6,108 2,098471 0 2,098471 5,877,243

2001 {2 1 0 0 2,276,711 71,546 6,011 2,354,328 8,20 2412,348 7,193,824

2002 |1 1 1 0 2,492,756 100,871 7,199 2,600,827 182,463 2,783,290 8,614,007
2003 | O 1 0 0 1 2,764,616 115,815 6,986 2,887416 280,892 3,168,308 10,125,451

2004 | O 2 0 0 3,086,820 132,410 8,137 3,227,367 391,218 3,618,585 11,739,372
2005 |4 1 0 1 3,428,154 155,840 9,786 3,593,780 487,043 4,080,823 13,441,019
2006 £3 1 0 1 3,836,728 180,585 11,216 4,028,530 581,268 4,602,797 15,238,161

2007 |1 2 0 0 4,290,032 202,920 13,240 4,506,192 709,387 5215579 17,139,159

2008 | S 1 0 1 4,785,078 232,730 15,160 5,032,968 821,231 5.851,199 19,134,078
2009 14 1 0 1 5,314,757 264,261 17,182 5,596,200 931,509 6,527,709 21,213,760

2010 }2 1 1 0 5,800,112 314,584 19,635 6,134,330 1,103 156 7,237,486 23,369,531

2011 |} S 1 0 1 6,420,969 352,449 21,928 6,795,340 1227,395 8,022,741 25,603,702 |
2012 (O 2 0 1 7,057,923 3N, 751 24,883 7477557 1398979 8.876,536 27,914,785
2013 |2 2 0 0 7,760.717 432,125 26,966 8,219,800 1,504 268 9,784,077 30,296,395

2014 | S 1 0 2 8,460,142 186,888 30,622 8,977,652 1,728,340 10,706,042 22732849

2015 1 2 0 1 9222911 540,003 3344 9,6,358 1,926,200 11,722,557 35,2274

2016 }2 2 0 0 10,102,050 586,630 36,253 14,724,932 2,110,247 1283517 37,780 265
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Table 9-9 (Continued)
No. 2 Oil Expansion Plan With Pvmped Storage - Fuel Sensitivity

Levelized
Capntal
Unit Additions UPS Producuon Costs Costs Total Revenue Requircments
1993 Cumulative
100 MW | 600 MW | 600 MW | 300 MW | 600 MW Fuel o&M Startup Total ‘Total Annual Present Worth
Year | CT Oil-ST Coal cc PS ($1,000) (3$1,000) ($1,000) (51,000) ($1,000) ($1,000) ($1,000)
2017 )7 1 0 1 11,032,372 645,073 40,796 11,718,241 2,278,052 13,996,294 40,383,289
2018 |8 1 1 4 11,993,730 755,606 44,016 12,793,352 2,671,462 15461814 43,072,275
2019 |7 2 0 3 13,067,994 854,349 49,74 13,972,078 3,008,084 16,980,162 45.832,625
2020 15 3 0 3 14,328,180 958,464 54,262 15,340,906 3,438,907 18,779.814 48,686,876
2021 7 2 0 1 15,665,399 1,048,920 59,307 16,773,620 3,725,140 20,498,767 51,599,654
2022 |8 2 0 1 17,155,329 1,150,140 65,667 18,371,135 4,034,634 22,405,769 54,576,237
2023 1 3 0 1 18,708,627 1,260,597 7,452 20,140,676 4,407,240 24417916 57,612,714
2024 |9 2 0 1 20,483,719 1,380,232 77,711 ]21,941,662 4,753,207 26,694,869 60,712,642
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Table 9-10
Natural Gas Expansion Plan Without Pumped Storage - Financial Sensitivity

Levelized
Capital
Unit Additions UPS Production Costs Costs ‘Total Revenue Requirements
1993 Cumulative
100 MW 600 MW 600 MW 300 MW 600 MW Fuel o&M Startup Total ‘Total Annual Present Worth

Year | CT Oil-ST Coal cc PS ($1,000) (51,000) ($1,000) (51,000) ($? 000) (51,000) ($1.000)
1995 887,769 41,201 2439 931,409 0 931,40 771,500
1996 1,017,189 44,503 3,082 1,064,773 0 1,064,773 1,599,795
1997 1,174,294 47,707 3,815 1,225816 0 1,225816 2,495,335
1998 1,370,765 51,366 4,692 1,426 824 0 1,426,824 3474,28%
1999 1,601,097 55,795 5417 1,662,309 0 1,662,309 4,535.402
2000 0 0 0 0 1,885,859 60,527 5,643 1,952,030 0 1,952,030 5.726,653
2001 8 0 0 0 2,104,581 72,141 4,996 2,181,117 32,670 2,214,387 6,985,118

i 2002 7 0 1 0 2,296,691 100,984 5,585 2,403,260 129,095 2,532,356 8,336,706

! 2003 6 1 0 0 0 2,524,480 115,381 6,310 2,646,171 212,124 2,858,295 9,769,417
2004 12 0 0 0 2,799,719 132,818 7,504 2,940,101 266,275 3,206,376 11,278,794
2005 | 10 0 0 1 3,084,278 157,875 8,581 3,250,734 331,319 3,582,053 12,862,401
2006 3 1 0 1 3,410,762 182,586 9,654 3,603,003 422,626 4,025,628 14,533,804
2007 1 2 0 0 3,769,445 203,550 10,926 3,983,920 547469 4,531,389 16,300,699
2008 | 11 0 0 1 4,167,958 235,969 12.08¢ 4,416,013 624,555 5,040,568 18,146,525
2009 4 1 0 1 4,577,836 268,185 13,404 4,859,425 731,369 5,590,794 20,069,248
2010 2 1 1 0 4,959,785 317,184 15,032 5,292,001 898,383 6,190,384 22,068 617
2011 5 1 0 1 5,430,310 356,400 16,563 5,803,273 1,018,669 6,821,942 24137877
2012 6 1 0 1 5,915,207 398,001 18,013 6,331,2>? 1,149,135 7480,357 26,268,770
2013 8 1 0 0 6,451,828 437,494 19,747 6,919,069 1.272,243 8,191,312 28,460,184
2014 11 0 0 2 681,620 495,009 21,548 7,498,176 1,391,530 8,889,706 30,693,708
2015 1 2 0 1 7527430 544,654 23,293 8,095,378 1583843 9,679,221 32977599

"jl)lﬁ 8 1 0 0 8,171,792 593,696 25,083 8,790,571 1 720,563 10511,134 35,306,851
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Table 9-10 (Continued)
Natural Gas Expansion Plan Without Pumped Storage - Financial Sensitivity

Levelized
Capual
Unit Additions UPS Production Costs Costs Total Revenue Requirements
1993 Cumulative
100 MW | 600 MW | 600 MW 300 MW | 600 MW Fuel o&M Startup Total Total Annuat Present Worth
Year | CT Oul-SsT Coal cc PS (81,0000 (51,000) (3$1,000) (51,000) ($1,000) ($1,000) (31,000)
2017 7 1 0 1 8,823,887 653,910 27,107 9,504,904 1,882914  {11,387,818 37,676,503
2018 8 1 1 4 9,537,532 768,585 29,600 10,335,718 2,263,334 112,599,051 40,139,260
2019 7 2 0 3 10,260,153 867,228 32,459 11,159,840 2,589,157 13,748,997 42,662,938
2020 5 3 0 3 11,109,635 971,922 35,176 12,116,733 3,006,992 115,123,725 45,270,013
2021 |19 1 0 1 12,040,755 1,067,892 37,681 13,146,328 3,256,366 16,402,694 47925487
2022 |20 1 0 1 13,083,931 1,176,388 40,847 14,301,166 3,526,933 17,828,099 50,636,076
2023 |13 2 0 1 14,119,401 1,287,714 44,454 15,451,570 3,863,258  |19,314,827 53,393,995
2024 |21 2 0 1 15,288,554 (1,410,314 48,044 16,746,913 4,249.937 20,996,849 56,209,633
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Natural Gas Expansien Plan With Pumped Storage - Financial Sensitivity

Table 9-11

Levelized
Capital
Unit Addissons UPS Production Costs Costs Total Revenue Requirements
1993 Cumulatve
100MW | 600 MW | 600 MW | 300 MW | 600 MW | Fuel Oo&M Startup Total Total Annual Present Worth

Year | CT Oil-ST Coal CcC PS (51,000) (51,000) (51,000) (51,000) (51,000) ($1,000) ($1.000)

1995 887,769 41,201 2439 931,409 0 931,409 771,500
1996 1,017,189 44,503 3,082 1,064,773 0 1,064,773 1,599,795
1997 1,174,294 47,707 3815 1,225,816 0 1,225,816 2,495,335
1998 1,370,765 51,366 4,692 1,426,824 0 1,426,824 3,474,289
1999 1,601,097 55,795 5417 1,662,309 0 1,662,309 4,545,402
2000 0 0 0 0 1,885,859 60,527 5,643 1,952,030 0 1,952,030 5,726,653
2001 8 0 0 0 2,104,581 72,181 4,996 2,181,717 32,670 2,214,387 6,985,118
2002 7 0 1 0 2,296,743 100,991 5585 2,403,320 129,095 2,532,415 8.336,737
2003 0 1 0 0 1 2,521,522 115,653 5,580 2,642,756 224,485 2,807,292 9,773,933
2004 |12 0 0 0 2,799,101 132,736 6,845 2,938,681 278,637 3,217,318 11,288,461
2005 §10 0 0 1 3,085,098 157,639 7,858 3,250,595 343,680 3,594,276 12877472
2006 3 1 0 1 3410948 182,446 9,059 3,602,453 434,987 4,037.440 14,553,719
2007 1 2 0 0 3,770,636 203,409 10,025 3,984,070 559,830 4,543,900 16,325,552
2008 n 0 0 1 4,168,369 235,687 11,329 4,415,385 636917 5,052,302 18,175,675
2009 4 1 0 1 4,576,407 267,518 12,516 4,856,441 743,731 5,000,172 20,101,623
2010 2 1 1 0 4,960,792 316,977 14,219 5,291,989 910,745 6,202,733 22,104,980
2011 5 1 0 1 5,429,518 356,019 15,547 5,801,084 1,031,031 6,832,115 24,177,327
2012 6 1 0 1 5,914,081 397,622 17,144 6,328,847 1,161,497 749%0,344 26,311,064
2013 8 1 0 0 6,459,983 436,662 18,743 6,915,388 1,281,604 8,199993 28,504,801
2014 11 0 0 2 6,978,788 493,812 20,488 7.493,089 1,403,892 8,896,981 30,740,152
2015 1 2 0 1 7,525,148 543,930 22,164 8,091,242 1,596,205 2,687,447 33,025,984
2016 8 1 0 0 8,168,794 592,738 23,810 8,785 341 1,732,924 10,518,265 15,356,817
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Natural Gas Expansion Plan With Pumped Storage - Financial Sensitivity

Table 9-11 (Continued)

Levelized
Caputal
Unit Additions UPS Production Costs Costs Total Revenue Requirements
1993 Cumulauve
100 MW 600 MW 600 MW 300 MW 600 MW Fuel 0O&M Startup Total l'otal Annual Present Worth
Year | CT Oil-ST Coal cc PS ($1,000) ($1,000) (51,000) (31,000) (31,000) (31,000) (31,000)
2017 7 1 0 1 8,820,673 653,204 25,909 9,499,786 1,895,276 11,395,062 37,728,276
2018 8 1 1 4 9,533,306 767378 28,177 10,328,861 2,275,695 12,604,556 40,191,809
2019 7 2 0 3 10,255,752 866,007 31,045 11,152,804 2,601,518 13,754,322 42,716,464
2020 5 3 0 3 11,104,813 970,791 33,827 |12,109,431 3,019,354 15,128,785 45324412
2021 |19 1 0 1 12,035,446 1,066,701 36,302 13,138,449 3,268,728 16,407,177 47,980,611
2022 20 1 0 1 13,078,570 1,175,179 39,354 14,293,103 3,539,294 17,832,397 50,691,854
2023 7 2 0 1 14,113,580 1,286,319 42,830 15,442,730 3,846,154 19,288,883 53,446,068
2024 | 21 2 0 1 15,282,515 1,408,821 46,344 16,737,679 4,232,833 20,970,512 56,258,174
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Table 9-12
No. 2 Oil Expansion Plan Without Pumped Storage - Financial Sensitivity

L

Levelized
Caputal
Unit Additions UPS Production Costs Costs Total Revenue Requirements
1993 Cumulative
100 MW | 600 MW | 600 MW | 300 MW | 600 MW Fuel 0&M Startup Total Total Annual Present Worth

Year | CT Oil-ST Coal cC PS (51,000) (51,000) (51,000) (51,000) ($1,000) ($1,000) (31.000)

1995 887,775 41,199 2437 931,410 0 931410 7502
1996 1,017,214 44,494 3,081 1,064,789 0 1,064,789 1,599,809

1997 1,174,356 47,659 3,806 1,225,821 0 1,225,821 2,495,353
1998 1,370,807 51373 4,663 1,426,843 0 1,426,843 3474320

1999 1,601,216 55,790 5427 1,662,433 0 1,662,433 4545513
2000 |0 0 0 0 1,885,847 60,499 5.659 1,952,005 0 1,952,005 5,726,748
2001 2 1 0 0 2,094,701 70,845 5529 2,171,075 56,605 2,227,680 6,992,768

2002 |1 1 1 0 2,284,501 100,058 6,561 2,391,120 177,829 2,568,949 8,363,887 |
2003 | 6 1 0 0 2,518,262 113,900 7,726 2,639,885 261,480 2,901,368 9,818,188
2004 | O 2 0 0 2,782,117 130,284 8,693 2,921,64 369,053 3,290,747 11,367,282
2005 14 1 0 1 3,061,511 153,618 10,242 3,225,371 462,238 3,687,609 12,997,555

2006 | 3 1 0 1 3,393,006 178,294 11,397 3,582,497 553834 4,136,532 14,715,004

2007 1 2 0 0 3,757,745 200,481 13,051 3,971,277 678,777 4,650,054 16,528,169

2008 |5 1 0 1 4,146,984 230,159 14,706 4,391,849 787,575 5179424 18,424,813
2009 {4 1 0 1 4,563,443 261,626 16,397 4,841,467 844,815 5,736,282 20,397,601

2010 |2 1 1 0 4957367 | 311,79 18,286 5287413 | 1,062,049 | 6319492 22,448,358 [
201t 5 1 0 1 5,436,203 349,718 20,183 5,806,104 1,182905 6,989,009 24,568,295

2012 |0 2 0 1 5,906,519 391,41 22,265 6,320,525 1L,3H9, M6 7,670,320 26,753,301

2013 |2 2 0 0 6,439,619 428,963 24,092 6,892,675 1,511,009 8,403,684 29,001,531

2014 |5 1 0 2 6,946,965 183,792 27,010 7,457,767 1,670,282 9,128,049 31,294938

2015 1 2 0 1 7,502,311 536,544 28,592 8.072.446 1,862 725 9935172 33,639,222

2016 |2 2 0 0 8,133,626 583,085 31,122 8,747,433 242234 10,790,067 36 030,286
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Table 9-12 (Continued)
No. 2 Oil Expansion Plan Without Pumped Storage - Financial Sensitivity

Levelized
Capital
Unit Additions UPS Production Costs Coslts Total Revenue Requirements
1993 Cumulative
100 MW | 600 MW | 600 MW | 300 MW | 600 MW Fuel 0O&M Startup Toial Total Annual Present Worth
Year | CT 0il-ST Coal cC PS (31,000) (51,000) (31,000) ($1,000) (31,000) (S1.06x1) (31000
2017 |7 1 0 1 8,799,185 641,535 33,869 9474589 | 2,205,560 11,680,148 38,461,075
2018 |8 1 1 4 9,527,582 752,233 36,938 10,316,753 | 2,587,130 12,903,883 40,983,111
2019 |7 2 0 3 10,271,156 850,973 40,714 11,162,843 | 2,913,994 14,076,837 43,566,965
2020 | S 3 0 3 11,149,141 955,130 44,039 12,148,311 | 3,332,598 15,480,909 46,235,613
2021 |7 2 0 1 12,063,576 11,045,454 47,258 13,156,287 | 3,611,319 16,767,607 48,950,163
2022 |8 2 0 1 13,091,866  |1,146,755 51,837 14,290,458 | 3,912,758 18,203,216 51,717.785
2023 {7 3 0 1 14,117,291 1,256,973 55,909 15,430,173 | 4,305,556 19,735,729 54,53584
2024 |9 2 10 1 15322399 |1,376,710 59,969 16,759,077 | 4,642,587 |21,401,664 57405727
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No. 2 Oil Expansion Plan With Pumped Storage - Financial Sensitivity

Table 9-13

Levelized
Capital
Unit Additions UPS Production Costs Costs ‘Total Revenue Requirements
1993 Cumulative
100 MW | 600 MW | 600 MW | 300 MW | 600 MW Fuel 0o&M Startup Total Total Annual Present Wornth

Year § CT 0il-ST Coal cc PS (51,000) (51,000) (51,000) ($1,000) (51,000) ($1,000) (51,000)

1995 887,775 41,199 2,437 931,410 0 931410 771,502
1996 1,017,214 44,494 3,081 1,064,789 0 1,064,789 1,599,809
1997 1,174,356 47,659 3,806 1,225,821 0 1,225,821 2,495,353
1998 1,370,807 51,373 4,663 1,426,843 0 1,426,843 3,474,320
1999 1,601,216 55,790 5427 1,662,433 0 1,662,433 4,545,513
2000 | O 0 0 0 1,885,847 60,499 5,659 1,952,005 0 1,952,005 5,726,748
2001 2 1 0 0 2,094,701 70,845 5,529 2,171,075 56,605 2,227,680 6,992,768
2002 1 1 1 0 2,284,501 100,058 6,561 2,391,120 177,829 2,568,949 8,363,887
2003 jO 1 0 0 1 2,507,713 114,816 6,256 2,628,785 273.21Y 2,902,004 9,818,507
2004 0O 2 0 0 2,773,107 131,340 7,269 2911,17 380,792 3,292,509 11,368,431
2005 |4 1 0 1 3,050,008 154,641 8,660 3,213,308 4713977 3,687,285 12,998,560
2006 13 1 0 1 3,381,411 179,394 9,842 3,570,647 565,573 4,136,220 14,715,880
2007 1 2 0 0 3,746,023 201,754 11,576 3,959,352 690,516 4,649,868 16,528,972
2008 |5 1 0 1 4,134,041 231,347 13,090 4,378,478 799,313 5,171, M1 18,425,049
2009 |4 1 0 1 4,546,717 262,878 14,694 4,824,319 906,554 5,730,903 20,395,957
2010 |2 1 1 0 4,941,491 313,228 16,641 5,271,360 1,073,788 6,315,148 22,445,311
2011 5 1 0 1 5,415,781 351,011 18,268 5,785,060 1,194,634 6,979,704 24,562,425
2012 | O 2 0 1 5,889,775 393,296 20464 6,303,535 1,361,534 7,665,069 26,745,935
2013 |2 2 0 0 6,421,230 430,692 22,319 6,874,241 1,522,748 8,396,989 28,992374
2014 |5 1 0 2 6,925228 485,334 24,839 7435401 1,682,020 9,117,421 31,283,110
2015 1 2 0 1 7487827 538,411 26,834 8,053,071 1874 404 9927535 33,625,593
2016 2 2 0 0 8,113,063 581,901 28,797 8 720,701 2053973 10,780,733 36,014,589
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No. 2 Oil Expansion Plan With Pumped Storage - Financial Sensitivity

Table 9-13 (Continued)

Levehzed
Caputal
Unit Additions UPS Production Costs Costs Total Revenue Requirements
1993 Cumulative
600 MW | 600 MW | 300 MW | 600 MW Fuel o&M Startup Total Total Annual Present Worth
0il-ST Coal CcC PS ($1,000) ($1,000) (51,000) ($1,000) (51,000) (51,000) (31,000)
1 0 1 8,773,371 643,318 32,622 9448,711 | 2,217,298 11,666,009 38,442,435
1 1 4 9,496,054 753,849 34,323 10,284,227 | 2,598,868 12,883,095 40,960,408
2 0. 3 10,235,596 852,586 38,047 11,126,230 | 2,925,732 14,051,962 43,539,696
3 0 3 11,108,191 956,664 41,210 12,106,063 | 3,344,337 15,450,401 46,203,085
2 10 1 12,022,645 1,047,060 44,672 13,114,377 3,623,058 16,737,435 48,912,750
2 0 1° 13,046,279 1,148,217 48,645 14,243,141 3,924,497 18,167,638 51,674,961
3 0 1 14,071,495  [1,258,637 52,778 15,382,909 | 4,287,240 19,670,150 54,483,618
2 0 1 15,270,630  [1,378,248 56,931 16,705,810 | 4,624,271 21,330,081 57,343,942




Table 9-14

Sensitivity Summary for Study Period

1993 Cumulative Present Worth Cost

Without Pumped With Pumped | Savings
Storage Storage (Loss)
(1) (2) (1-(2)
($1,000) ($1,000) ($1,000)
Natural Gas Long-Range
Expansion Plan
Expected Parameters 51,511,472 51,562,552 (51,080)
Fuel Sensitivity 59,676,460 59,723,915 (47,455)
Financial Sensitivity 56,209,633 56,258,174 (48,541)
No. 2 Oil Long-Range Expansion
Plan
Base Parameters 52,630,051 52,581,028 49,023
Fuel Sensitivity 60,791,611 60,712,642 78,969
Financial Sensitivity 57,405,727 57,343,942 61,785
091693 9-34
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Table 9-15
Sensitivity Summary Including End-Effects Period
1993 Present Worth of Pumped Storage Savings

($Million)
_——_——_—_—————————_—————————_———“—_—_—_—l
Natural Gas No. 2 Oil

Fuel Sensitivity

Study Period 47) 79

End-Effects Period 62 178

Life of Project Benefit 15 257
Financial Sensitivity

Study Period (48) 62

End-Effects Period 69 175

Life of Project Benefit | 21 237

e et —————— ettt et———————ret b —————————————————————— e
e
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10.0 Dynamic Benefits of Pumped Hydro

The operating flexibility of a pumped hydro plant provides dynamic duty benefits
in addition to the direct benefits of dependable capacity over the peak and
economical energy transfer from off-pezk periods to peak load periods. The dynamic
benefits are due to the physical abiiity of a pumped hydro plant to respond quickly
to changing system dispatch requirements. The potential dynamic benefits, also
called secondary benefits, may include the following:'

® Spinning reserve.

Load following,.

Unit commitment.

Reduced system minimum loading.
Voltage and power factor correction.
Frequency regulation.

Reduced thermal plant cycling.
Improved system operating reliability.

When pumped storage provides the dynamic duties, it relieves steam units of
such duties and results in lower system operating costs. The dynamic benefits are by
their nature electric system, or geographical site-specific, and must be evaluated for
a specific application. The cost savings due to dynamic benefits can be difficult to
quantify, but have received increasing attention in recent years. The topic of
dynamic benefits received international attention at the 1984 International
Symposium and Workshop on the Dynamic Benefits of Energy Storage Plant
Operations in Boston sponsored by EPRI and the US Department of Energy. The
various dynamic benefits were estimated under a wide range of utility conditions.?

These estimates were also included in the EPRI "Pumped-Storage Planning and
nl

Evaluation Guide.
Each of the potential dynamic benefits are discussed below:

10.1 Spinning Reserve

Spinning reserve is the spare generating capacity or disconnectable load which
can respond rapidly to a sudden loss of a generating unit or imported power. Strictly
speaking, spinning reserve should be synchronized to the system.

Since most thermal units are designed to a given maximum efficiency at or near
their rated output, running a unit at part-load in order to provide synchronized
spinning reserve is not the most efficient use of its capacity. When these units are

091693 10-1



preventrd from running at full load because of the spinning reserve duty, the
spinning reserve carried by these units incurs an opportunity cost.

Pumped storage generating at less than its full capacity provides high quality
spinning reserve and has a high value during the peak period when spinning reserve
is expensive. The POWRPRO software captures this economic benefit of pumped
storage but its value is embedded in the annual production cost. This benefit is
therefore included in the primary economic evaluation of Section 9.3. No additional
secondary benefit will be included in this section for spinning reserve.

Other spinning reserve benefit opportunities may exist for pumped storage. When
a pumped storage plant is pumping, its pumping load can be tripped instantaneously,
providing a high quality spinning reserve. However, spinning reserve is generally
plentiful when the system load is low, and the pumped storage spinning reserve
during the pumping mode may not be worth much. Pumped storage in the standby
mode may or may not be classified as spinning reserve. Neither of these are included
in POWRPRO evaluation.

An additional spinning reserve benefit could be realized by operation of the
pumped storage plant in a synchrorized but unloaded mode at those times when it
is neither in a generating nor pumping mode.

10.2 Load Following

Thermal units cannot change their output instantaneously and sustain it. Oil
fired or gas fired units typically have a ramp rate limit of about 1 to 3 percent of
maximum capacity per minute. In contrast, pumped storage has a ramp rate
capability in the range of 10 to 30 percent per minute.

The UPS daily load swings between the minimum and maximum may require
multiple units or even CTs to pick up load at the same time because of thermal
ramping limitations. These units would then operate at part-load capacities with
resulting increased costs. On the other hand, pumped storage can operate full
pumping at light load, and as load grows, individual pumps can be turned off one at
a time and then reversed to generation, thus following the load.

Reference 2 estimates the equivalent capital cost benefit of load following to be
10 $/kw in 1982 dollars. Load following benefits are partially captiired by
POWRPRO with modeling of ramp rates and hourly loads. Time steps of 30 minutes
or less are needed to fully represent the effect of ramp rate limits. Ebasco estimates
the load following benefits not captured by POWRPRO to be $5/kW in 1982 dollars.

091693 10-2



10.3 Unit Commitment

Unit commitment benefits refer to the potential savings related to the reduced
number of startups and shutdowns of thermal generating units in the system due to
the operation of the pumped storage plant. Unit commitment savings include the
savings of starting costs, but also tie savings from avoiding minimum loading of units
at lower efficiency, and reducing the wear and tear of thermal units, etc.

POWRPRO’s methodology includes unit commitment and the savings of startup
costs that are captured. The reduction in wear and tear on thermal units from less
frequent shutdowns and startups is difficult to quantify, but may provide substantial
benefits in reduced maintenance for the UPS system. POWRPRO did not capture
the reduced maintenance benefits and no additional benefit is included.

10.4 Reduced System Minimum Loading Problem

Minimum loading problem occurs when the sum of the minimum operating
capacities of all thermal units on line exceeds the system load at that time, generally
at night when the load is low. This can require thermal units to be shut down.
Other operating problems at light load periods include system stability problems, as
well as voltage and frequency regulation problems. The storage pumping load helps
alleviate the minimum loading problem.

On the UPS system during periods of high water, High Dam must run at constant
high output, which requires that thermal units either be shut down during light load
or run at minimum load with resulting part-load inefficiency. The older thermal units
are not designed to cycle and so, if shut down, must be put on cold standby. This
problem is expected to get worse as load growth occurs, since the peak is growing
faster than the minimum load. Pumping load would alleviate this problem. No
additional benefit has been taken for alleviating this problem.

10.5 Voltage and Power Factor Correction

Pumped storage can be equipped to regulate voltage in its vicinity. The units can
provide power factor correction and voltage regulation in the generating or pumping
mode and can also operate unloaded as synchronous condensers.

It is expected that the pumped hydro plant will be connected into the 500 kV
transmission planned for the Wadi Araba region as discussed in Section 8.2.5. The
500 kV transmission is planned from Tabbin to Zaafarana to Suez with possible
interconnection to neighboring countries. The pumped storage plant would be
expected to provide important voltage regulation for the 500 kV system, and may
provide savings from replacing otherwise needed static var compensators (SVC).

091693 10-3
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Voltage regulation capabilities provide benefits which include enhancing system
stability and providing higher transfer limits. Many large power systems currently are
having operating limitations due to voltage regulation. Characteristics of a pumped
storage plant would provids important operating advantages to the UPS system,

These benefits are not evaluated by POWRPRO, and would require evaluation
by system studies including load flow and transient stability studies. Reference 2
estimates this benefit to be $5/kW in 1982 dollars.

10.6 Frequency Regulation

Pumped storage is potentially ideal for frequency regulation with its fast ramping
capability. Its efficiency does not degrade as steeply as steam units when the
operating point deviates from the base point. Frequency regulation costs money
because it requires a certain amount of spare generating capacity to be dedicated and
reserved. The advantage of having pumped storage for frequency regulation is that
it may allow a steam unit to be taken off frequency control and loaded to its
maximum economic level. POWRPRO does not provide an estimate of this benefit
as frequency regulation is not modeled. Reference 2 estimates this benefit to be
10 $/kW in 1982 dollars.

10.7 Reduced Thermal Plant Cycling

Pumped storage potentially reduces the number of thermal unit startups. Load
following and frequency regulation capabilities reduce the random fluctuations of
system generation output. Utilization of these capabilities translate into reduced
wear and tear on thermal units, lower maintenance costs, higher reliability, better
efficiency and longer equipment lives. Reduced forced outage rates for thermal units
would result in lower annual production costs. POWRPRO does not quantify these
benefits., Reference 2 estimates this benefit to be $10/kW in 1982 dollars.

10.8 Improved System Operating Reliability

The fast response time of pumped storage makes it ideal for covering forced
outages. Pump load can be disconnected instantaneously. In standby mode, units
can be started and brought to full power in a few minutes. When the units are
already on line, they can be ramped up much faster than steam units. All these
characteristics result in more reliable system operation. The value of the improved
system reliability is not estimated by POWRPRO. Reference 2 estimates this benefit
to be $5/kW in 1982 dollars.
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10.9 Estimates of Dynamic Benefits

A summary of Ebasco estimates of dynamic benefits for a 600 MW pumped
storage plant on the UPS is contained in Table 10-1. These benefits are from
Reference 2 and are escalated to 1993 by 5 percent per year. The total benefit to
UPS is estimated to be $58/kW in 1993 dollars.

10.10 References

1. EPRI, Pumped Storage Planning and Evaluation Guide, Research Project 1745-30,
January 1990,

2. A Ferreira and C. E. Carver, "The Importance to Utilities of Dynamic Duty
Benefits from Pumped Storage," Presented at the International Symposium and
Workshop on the Dynamic Benefits of Energy Storage Plant Operation,
May 7-11, 1984, Boston, MA, Sponsored by US Department of Energy and
Electric Power Research Institute.
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Table 10-1
Ebasco Estimate of Dynamic Benefits
Equivalent Capital Cost
(1993 Dollars per Kilowatt)

Load Following
Voltage Regulation

————

Frequency Regulation 17

Reduced Thermal Plant Cycling 17

Improved System Operating Reliability 8

Total 58
10-6
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11.0 Environmental Evaluation

11.1 General

This section presents the benefits and generic environmental effects of the com-
bustion turbine/combined cycle alternatives and the pumped storage alternative. It
focuses on the differences between the generation expansion plan with pumped
storage and the generation expansion plan without pumped storage.

To assess the benefits and environmental effects of the alternatives, it is neces-
sary to consider the components of the alternatives that could affect the environment
during either construction or operation. Construction of 600 MW of combustion
turbine/combined cycle units would typically require a site or sites totalling less than
50 acres. Construction would take from 1 to 3 years, depending on whether
combustion turbines or combined cycle units were being constructed. Several
hundred workers would be required; however, most of the capital cost would be for
equipment manufactured outside of Egypt. Construction would include site
improvements, a gas and/or oil pipeline spur, a weather enclosure, water supply
facilities, cooling towers, stack, switchyard, and a transmission line linking the
regional grid. During operation, the greatest potential for impacts would be from air
emissions. It is assumed that because of the small site requirements, the plant/plants
could be sited in areas where other environmental impacts are minor.

Environmental impacts caused by construction and operation of pumped storage
plants are more sensitive to specific sites and pumped storage schemes. Potential
sites and schemes under consideration are discussed in Appendix H. Appendix I
provides a description of the alternative sites. Site-specific impacts will be discussed
in subsequent phases of this study. For this report, it is assumed that the pumped
storage plant would be located in the vicinity of Ain Sukhna. The selected site would
be several hundred acres and would need to be close (within a few miles) to a water
supply source. It would take about 5 years and require several thousand workers to
complete the pumped storage project. A construction camp complete with a self-
supporting infrastructure would be required. The project would entail an upper and
lower reservoir, a powerhouse, switchyard, and transmission line connecting with the
regional grid. During operation, pumping energy would likely be supplied by natural
gas or oil fired combined cycle or steam units.

091693 11-1



11.2 Benefits and Environmental Impacts Associated With
Combustion Turbine and Combined Cycle Units

Typically, combustion turbines and combined cycle units are sited close to load
centers, existing transmission lines, a fuel supply, and a cooling water supply.
Because of air quality concerns in the vicinity of Cairo, it is assumed that the com-
bustion turbines and combined cycle units would be located south of Cairo, along the
Nile River.

Construction of the combustion turbines and combined cycle units would likely
require the temporary loss of a few acres of agricultural land in order to obtain
access to an adequate supply of cooling water. It is assumed that the plant locations
themselves could be located outside the irrigated strip of land that parallels the Nile.
However, a water supply and a discharge line would need to be constructed from the
water source to the plant location. Construction could temporarily affect agricultural
production along the route of the water supply and discharge lines, but such a disrup-
tion would be a minor short-term impact. Similarly, it is assumed that the plant
would tie into the north-south transmission line paralleling the Nile River. Construc-
tion of the transmission line to the existing transmission line would likely be a minor
short-term impact.

Because of the small site requirements, it is assumed that the combustion
turbine/combined cycle plants could be located in industrial or unpopulated areas
where construction dust and noise would not pose a significant problem. Construc-
tion of the combustion turbine/combined cycle alternative would have positive socio-
economic impacts on the region. A comparison of these impacts with those of the
pumped storage alternative is presented in Section 11.5.

The primary impact of the plants during operation would be the air quality
impacts. Emissions of sulfur dioxide, nitric oxides, and particulates would exacerbate
the existing air quality problems in the region. However, because the units would
burn either natural gas or No. 2 oil, air quality impacts would be minimized.

Because of the small site requirements and consequently large number of pos-
sible site locations, it is assumed that there would be no significant recreational or
touristic impacts. There could be an adverse visual impact of the power plant stack
if the site is situated in a visually sensitive area. The power plants themselves would
have no unique features that would make them attractive as touristic sites.
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11.3 Benefits and Environmental Impacts Ass¢ :iated With Natural
Gas/Oil Steam Units
Construction impacts attributed to natural gas/oil steam units would be similar
to those of combustion turbines and combined cycle units. Natural gas/oil steam
units would require a site area similar to those of combined cycle units. However,
steam units have a higher capital cost and require a longer construction period.
Therefore, noise and fugitive dust impacts would extend over a longer period, but
these impacts would not likely be significant. The most significant difference
between steam units and combustion turbine/combined cycle units would occur
during project operation when steam units are fired by No. 6 oil. Burning of No. 6
oil would cause higher emissions of sulfur dioxide, nitric oxides, and particulates that
would reduce regional air quality.

11.4 Benefits and Environmental Impacts Associated With Pumped
Storage Hydroelectric Plant

The pumped storage project has the potential to affect recreation and tourism
within the project area. The Governorate of Suez is promoting development of
tourism in the Gulf of Suez region (Appendix I). Seven touristic villages have been
built or are under construction in the Governorate of Suez including one that is
adjacent to an alternative pumped storage site. Construction of the pumped storage
at this site has the potential to adversely affect recreation and tourism through
increased noise and fugitive dust during the S year construction period. Further,
operation of the pumped storage project has the potential to adversely affect tourism
and recreation by reducing the beach and nearshore area available for recreation,
particularly if the pumped storage project uses the open cycle concept (Appendix H).
However, the pumped storage development could also complement recreation and
tourism development.

Alternative sites that are several thousand feet away from touristic villages and
the more densely used beach areas may be available. This would result in minimal
fugitive dust and noise impacts. Further, standard measures that minimize noise and
fugitive dust may also be employed. The location of the intake could also be
selected to minimize disruption to the beach and associated recreation. The jetty or
breakwater constructed for the plant water supply could serve as protection for a
marina which also could be constructed by private development to enhance the area’s
touristic value.

It is assumed that the construction workers would not relocate their families to
the project site. However, the alternative sites are too far from population centers
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to permit daily commuting. Therefore, the constrution workers would stay at the
construction camp and return to their homes on a weekly, biweekly, or monthly basis.
Depending on the percent utilization of the touristic villages, these villages also could
be used to house construction and operation personnel.

The camp would have infrastructure services including a hospital, a school for
children of foreign nationals, shops and services, water supply, and a wastewater
treatment facility. If determined appropriate by HPPEA, the camp facilities could
be made available to the local population during or after construction. This would
be a positive socioeconomic impact, since few infrastructure facilities presently exist
in the Ain Sukhna area. After construction is completed, the construction camp
facilities could be converted to permanent facilities for use by the local population
or as touristic facilities. Desalinated water required for the construction camp and
possible reservoir filling could also be made available to the local area.

The pumped storage project would have a significant positive economic effect on
the local and regional economy. This is discussed further in Section 11.5.

The impact of the project on marine life is expected to be minor because this
area of the Gulf of Suez has been devastated by the Egypt-Israeli war and oil
exploration and development.

The pumped storage facility itself, because of its uniqueness, could become a
tourist attraction. Projects of this type are often constructed with visitors’ centers.
However, for national security reasons, this may not be feasible for the pumped
storage project.

Pumping energy for the pumped storage plant is expected to come from gas fired
combined cycle units or natural gas/oil steam units. It is also assumed that the
pumped storage plant would displace gas fired combustion turbines (Section 9.0).
If combined cycle units provide the pumping energy, there would be a fuel savings
and a 10 to 20 percent reduction in air emissions even with the efficiency losses in
the pumped storage system. However, because air emissions from natural gas fired
units are not considered significant, the reduction in air emissions is also not
considered significant. If natural gas fired steam units provide the pumping energy,
there would be about a 10 percent increase in air emissions.

If No. 6 fuel oil is used to fire steam turbines and the steam turbines are pro-
viding the pumping energy, there would be about a 10 percent increase in fuel con-
sumption (on an equivalent Btu basis). However, because natural gas would be dis-
placed by No. 6 oil, air emissions would be increased and regional air quality would
decrease.
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11.5 Socioeconomic Impacts Associated With Pumped Storage
Hydroelectric Plant and Thermal Alternative
This section considers the differences in socioeconomic impacts between the
pumped storage and combustion turbine generation expansion alternatives.

711.5.1 Types of Economic Impacts

The proposed alternative projects would stimulate economic activity dur:ig their
respective construction phases. Economic impacts would result from material pur-
chases, construction payrolls, and related indirect and induced spending, or "multi-
plier effects” whick: would take place in Egypt. In assessing the economic impacts of
the proposed alternative projects, it is important to recognize that economic benefits
associated with construction would occur for a relatively limited time during the
actual construction phase (approximately S years).

11.5.2 Economic Assessment Methodology

The basis for the multiplier selected for this analysis is an input-output model
developed by the US Department of Commerce, Bureau of Economic Analysis
(BEA). The model provides the basic methodology for the assessment of potential
regional economic impacts, with modifications to produce multipliers specific to the
region of the proposed action. Quantification of the effects of material purchases,
during the construction phase, relies upon the following:

e Estimates of material expenditures.

® Determination of specific goods and services required.

e Estimates of local purchases.

® Application of multipliers to evaluate potential project impacts on the

regional economy.

Quantification of the effects of payroll-related impacts, during the construction
phase, relies upon the following:

e Estimates of the payroll expenditures.

® Adjustments for fringe benefits, taxes, and other payroll deductions.

e Adjustment for employment of nonlocal labor.

e Application of an appropriate multiplier to determine total impacts on the

local economy.

However, the determination of an appropriate multiplier for this project also
takes into account various misalignments in the Egyptian economy. These misalign-
ments result in a need for revaluation of labor costs, capital costs, and foreign
exchange costs. Coupled with the existence of a large parallel (black) market, these
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misalignments require the modification of the above methodology because of the lack
of clear and discernible input-output relationships between various industrial sectors.

11.5.3 Assumed Impact Area

For the purpose of quantifying the difference in socioeconomic impacts from con-
struction of the pumped storage project and natural gas combustion turbine facilities,
it is assurned that relevant impacts of material purchases and payrolls during the con-
struction phases of both alternatives are those taking place in Egypt. These expendi-
tures are estimated at $148 and $49 million, respectively (1993 dollars). The esti-
mates are based cn the assumption that 30 percent of the estimated $493 million
capital cost for the pumped storage facility and 15 percent of the estimated $328 mil-
lion capital cost for the construction of the natural gas combustion turbines would
take place in Egypt.

11.5.4 Economic Impacts During the Construction Phase
In lieu of a detailed breakdown of projected construction and materials and
salary expenditures, a combined regional impact analysis was conducted. In conduct-
ing the analysis, the following assumptions were made:
® An output multiplier of 1.5 was assumed. That is, it is estimated that for
every $1 of initial construction expenditures, an additional $1.5 in expendi-
tures within the country will be generated.
® An employment multiplier of 20 jobs per million dollars was assumed. That
is, it is estimated that for every one million dollars in additional expendi-
tures, 20 jobs would be created.
Construction impacts for the proposed project are projected as follows:
® Pumped Storage Plant--With $148 million in local expenditures, it is esti-
mated that this project would result in the creation of an additional
$222 million of output in Egypt. The $222 million in additional output is
expected to create an additional 4,440 person years of employment in Egypt.
® Natural Gas Turbine Plant--With $49 million ir. local expenditures, it is esti-
mated that this project would resvlt in the creation of an additional $74 mil-
lion of output in Egypt. The $74 million in additional output is expected to
create an additional 1,480 person years of employment in Egypt.
The pumped storage plant would have a much larger positive impact on Egypt
by injecting $151 million more into the economy and providing approximately
3,000 additional person years of employment.
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Introduction

POWRPRO is a computer based, chronological production costing model
developed for use in power supply systems planning. It was developed to enable
more detailed study of systems than is possible with simulations based on load
duration curves. The effect of time related features may be examined, such as ramp
rates, startup and shutdown times and costs and minimum uptimes and downtimes.
This in turn means that the roles of generation unit types (baseload, peaking, etc.)
can be more realistically defined than is possible with load duration based models.

Since POWRPRO models details which many other programs do not, it requires
additional input data. POWRPRO has been designed with the flexibility to operate
in a simpler mode which uses default values for some of the data. In this mode,
POWRPRO performs similar to other existing models. This flexibility to use either
minimal or detailed input in the same framework makes POWRPRO a powerful tool
for a wide range of system planning.

The computer program for the model is written in FORTRAN language and
adheres to 1978 ANSI Standards (FORTRAN 77). Versions are executable on
mainframe, mini, and desktop computers.

The production costing model simulates the operation of a power supply system
over periods of up to 30 years. Unit commitment and dispatch are explicitly treated
at each hour. Unscheduled outages are randomly assigned. Maintenance periods
may be user specified or automatically scheduled by the model. Unit commitment
decisions employ unit priority ordering. A nominal ordering is calculated based on
average cost of energy at a user specified fraction of maximum capacity. The
average may include energy only or energy plus variable operation and maintenance.
When capacity must be added on-line the nominal ordering is modified to reflect the
effects of current hourly demand shape, startup costs, ramp rates, and minimum up-
and downtimes as well as a look ahead for future load requirements. Power sources
are dispatched based on the criterion of equal incremental cost operation. The
incremental cost may be fuel only or fuel plus variable O&M cost.

Overview

The production costing model simulates the hour by hour operation of a power
supply system over a period of up to 30 years. Each hour is analyzed in detail. The
on-line commitment of the previous hour is examined to determine whether units
should be replaced by more efficient off line units that have become available. If the
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capacity of the on-line commitment exceeds demand and spinning reserve
requirements the feasibility of taking units off line is evaluated. If the on-line
capacity must be increased a priority ordering is calculated for the available off-line
units to guide the selection of capacity additions. Calculation of the priority ordering
takes account of how long the additional capacity is needed, startup and shutdown
costs, ramp rates, and other time associated factors.

The governing model criterion is identification of the least cost way to operate
the system to meet hourly demands and reserve requirements while simultaneously
satisfying all constraints. The considered cost is fuel plus startup and shutdown costs;
optionally, variable operation and maintenance cost may be included.

The simulation allows for the use of substantial data input. Generating unit data
includes fuel type and burn rate characteristics, ramp rates and other time related
features, maintenance requirements, etc. If the user desires or if more detailed data
are not available, simplified data can be used such as a single heat rate for a unit
instead of a heat rate curve and dynamic time related features such as ramp rates
and startup times can be eliminated by setting the ramp rates very high and setting
startup times to zero. The result of using simplified data is that the model will then
function in a manner similar to less sophisticated load duration curve based models.
Fuel prices and hourly demands must be provided for the entire simulation period.
Unit start and retirement times must be given and purchase availability times
specified if applicable. Data variations such as seasonal changes in generator
capacity may be described.

Simulation output consists of summary reports. An annual report is always
prepared, consisting of a breakdown by unit of generation amounts, fuel costs,
operation and maintenance costs, and hours on-line. Optional reports include startup
and shutdown summaries and pollutant emission summaries. There are options to
obtain these same reports by month or by arbitrary time periods.

The principle parts of the model are:

* Input processing.

¢ Forced outage handling.

¢ Maintenance scheduling.

¢ System parameter updating.

¢ Unit commitment and dispatch.

e  Output reports.
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Input preprocessing consists of scanning the input data file for errors and
inconsistencies, and logging the commercial operation and retirement of power
sources. A data echo is optionally printed.

Forced outages are simulated by causing units to be unavailable for service at
randomly selected intervals in periods of 1 to 4 days.

Maintenance periods may be explicitly scheduled or the program will schedule
an annual period of requested length.

Generating unit and purchase parameters may be updated during the simulation
period. Updates are scheduled by date and become effective the first hour of a day.

Hour by hour unit commitment and dispatch, including the impact of pumped
storage plants and fuel limits, are processed as described above.

A summary flow chart of model logic is shown on Figure 1.



START

Initialize common block variables

Scan input data to remove comments and do some
preliminary data editing

Do extensive data editing if requested

Read input data and do preliminary processing as required

Begin annual Toop

Initialize for year

Enter startup and retirement events into event catalog

Read hourly demands for year

Calculate maintenance schedule

Calculate forced outage schedules

Begin daily loop

continued ..

Figure 1 - Model Flowchart
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Update data parameters if required this day

Implement catalog events if it is time

Determine unit commitment and dispatch for day

If pumped storage plants are included determine
pumping/shaving schedule and repeat determination
of commitment and dispatch

Accumulate daily results

End daily loop

Write output reports for year

End annual loop

STOP

Figure 1 - Model Flowchart (Concluded)
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Input/Output Summary

The following categories of input data are used by the production costing model:

e Run control parameters.

¢ Hourly demands.

e Generator descriptions.

e Purchase option descriptions.

e Fuel and purchase prices.

e Reserve requirements.

e Generator commercial operation and retirement schedule.

e Parameter updates.

e Pumped storage plant descriptions.

e Fuel limits parameters.

e  Output requests.

Model output always includes an annual cost summary report. This report
contains a breakdown by generator and purchase option of energy generated or
purchased, fuel used, fuel or purchase cost, hours on-line, heat rate, variable and
fixed O&M costs, and operating and average capacity factors. Optional output
includes annual summaries of number and cost of startups and shutdowns,
maintenance and outage hours, and emission amounts.

The same reports may be obtained on monthly intervals, or for arbitrary periods
specified in the input.

There are also output options for obtaining specific data written to separate
output files. These data include:

e System hourly incremental fuel cost.

e System hourly average fuel cost.

e Annual totals of summary data.

e Hourly generation by a specified generating unit.

Generator Representation
Power generators must be described to a detail consistent with the
commitment/dispatch detail of the model. The following data are required.
e Maximum and minimum rated capacity.
e Type (must-run, quick-start, or neither).
Forced outage rate.
Fuel price.



® Variable and fixed operation and maintenance cost rates.

¢ Fuel burn rate parameters.

e Maintenance requirements.

e Ramp rates.

e Required minimum on-line and off-line times.

e Startup times.

e Startup fuel amount,

e Shut down cost.

e Capacity first hour on-line.

¢ Pollutant emission rates.

Fuel price is specified by annual escalation parameters or by reference to a price
table of annual values. Variable and fixed operation and maintenance cost rates are
specified by annual escalation parameters.

Fuel burn rate is specified by the coefficients of a second order burn rate
equation or by a table of incremental burn rates and a reference average burn rate.
If equation coefficients are specified a two point incremental table and a reference
burn rate are generated. Two operations are performed on the incremental burn
rate data to accommodate the dispatch procedure. Linear curve fits are calculated
for the table segments and integral over each segment are calcuiated and stored.

Maintenance requirements are specified in one of two ways. The required
number of maintenance days may be specified and one annual period will be
automatically scheduled. Alternately, up to two periods per year may be manually
scheduled by specifying number of days and a beginning date.

Start up times and costs are handled by specifying

¢ Time to start from cold condition.

¢ Time to start from warm condition.

¢ Time to cool to warm condition.

¢ Cost to start from cold condition.

Cool down times are assumed to be in the same ratio as start up times, and start
up costs are assumed to be proportional to start up times. Given these data and
assumptions, a functional relationship is established between start up time and cost
and length of time off-line.

Shutdown is assumed to occur instantaneously. Shutdown cost is a fixed dollar
amount,
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Pollutant emissions are assumed to be directly proportional to amount of fuel
burned. Emission rates are specified in pounds/million BTU burned.

Purchase Representation

The following data describes a purchase option,

* Maximum and minimum limits on power available for purchase.

¢ Type (must-run, quick-start, or neither).

¢ Forced outage rate.

e Price.

For regular purchase options annual price is specified by escalation parameters
or by reference to a price table. Provision is also made for purchases with prices
which vary from hour to hour. These latter prices must be provided in separate input
files.

Two-point, pseudo incremental burn rate tables are constructed for purchases for
uniformity with generation units in the dispatch procedure. The slope of the
incremental curve is made small to approximate a uniform price.

Maintenance Scheduling

Automatic maintenance scheduling may be requested for one period per year,
or up to 2 periods per year may be user scheduled.

A generator is not taken down for maintenance in the year of retirement. In the
startup year, automatic scheduling is bypassed unless the unit starts on the first day
of the year. User scheduled periods are observed in the startup year.

Automatic scheduling is designed to minimize the impact on ability of the system
to meet demand. Units to be automatically scheduled are ranked in order of
potential impact. The ranking measure chosen is the product of rated maximum
capacity times number of maintenance days required, times one minus the forced
outage rate. The peak hourly demand (daily peak) is identified for each day of the
year. The highest ranking unit is scheduled for maintenance in the contiguous set
of days with the smallest sum of daily peaks. The daily peaks in the maintenance
period are adjusted upward by the rated capacity of the unit scheduled and the next
unit in rank order is scheduled. The process is continued until all automatic
scheduling is completed.
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Forced Outages

Units are taken out of service in forced outage periods of 1 to 4 days. The
period length for a unit is determined from the specified outage rate. The interval
between periods is randomly scheduled.

The impact of forced outage is solely to make a unit unavailable for service.
Startup and shutdown times and costs are not assessed. If a unit is on-line at the
beginning of outage it is returned to on-line at the end of the outage period. The
accounting of on-line and off-line time is not interrupted.

Outage schedules are determined at the beginning of a year for the entire vear.
The procedure for a given unit is as follows.

* Determine the length of the outage period from the forced outage rate and
the criterion “hat, on average, the unit should experience about 30 outage
cycles per year.

* Calculate the average time between outages from the forced outage rate and
the length of the outage period.

* Calculate the required number of outage cycles per year.

e Calculate time from beginning of year to first outage by generating a
uniformly distributed random number between 0 and 1 and entering an
exponential distribution with mean equal to the average time between
outages.

* Calculate time between outages as described in the previous step until the
required number of outages are scheduled.

* Ingeneral, the total time occupied by the outage cycles will exceed one year.
Compress the time between outages in proportion to fit the cycles into a
year.

The outage schedule so determined is stored and referenced as the year is

simulated.

Unit Commitment

The object of the unit commitment procedure is to retain those power sources
on-line which most economically satisfy demand and reserve requirements while
observing operational constraints such as ramp rates, required minimum on-line
times, etc.

An economic priority ordering of generators and purchase options is determined
based on average cost (§/MWh) at an input specified fraction of maximum rated
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capacity plus (optionally) variable operation and maintenance cost rate. Initial
conditions for the simulation are obtained by selecting power sources in priority
order until the sum of rated capacities is sufficient to satisfy the demand of the first
hour, and then dispatching this commitment.

The ongoing selection of on-line commitments for simulation hours begins by
reviewing the commitment and dispatch of the previous hour. Units (or purchase
options) which have become unavailable are set aside. Units which are of lower
priority than available off-line units are tentatively removed.

If the capacity of the reduced commitment is enough to satisfy the current
demand and reserve requirement, low priority units are examined for removal.
Account is taken of required minimum on-line time, how long it will be before
additional capacity will be needed, and the cost to stop and start the unit compared
with keeping it on-line at minimum generation.

If the capacity of the reduced commitment is not sufficient to meet the current
demand and reserve requirement, a temporary priority ordering for the off-line units
is calculated and units are selected for service in priority order until there is enough
capacity on-line. The temporary priority ordering takes account of the average
additional capacity needed and for how long, start up times and costs, unit size
compared with additional capacity needed, maintenance schedules, and required
minimum on-line and off-line times.

Dispatching

After an on-line commitment is selected for an hour, an economical distribution
of loading for the power sources is determined. The dispatch criteria is that the
power sources all be operating at the same incremental cost.

For a given on-line commitment a "curve" is constructed of incremental cost
versus system power output. The curve is a continuous line coliiposed of linear
segments connected at points of discontinuous slope. It is a monotonically increasing,
single valued curve. The points of slope discontinuity lie at the incremental costs
corresponding to the points of the incremental burn rate tables.

The model dispatch procedure finds the two slope discontinuity points which
bracket the dispatch demand. The incremental cost at the dispatch point is then
found by linear interpolation and the individual power source loadings follow directly.
The procedure is a table search, not an iteration.
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For a given on-line commitment the slope discontinuity points are identified and
sorted in descending order of incremental cost. It is not necessary to calculate the
system power output level corresponding with each point. The table search begins
at the highest incremental cost point and proceeds downward until the bracketing
points are found. Power oucput levels need to be calculated only at the points
examined in the search.

Once the dispatch incremental cost is determincd the individual unit loadings are
determined from precalculated integral of the incremental burn rate table segments.
Again, a table search and linear interpolation are required, not an iteration.

Reserve Requirements

Spinuing and operating reserve requirements are modeled. The compliance
criteria are:

® On-line capacity must equal or exceed demand plus spinning reserve.

* On-line capacity plus available off-line quick start capacity must equal or

exceed demand plus operating reserve.

Reserve requirements are specified as a fixed megawatt amount, a fraction of

demand, or a combination of both.

Emissions

Generator emission rates for SO, and NO, are input specified in Ibs/MBtu
burned. Emission in tons calculated from amount of fuel birued is an optional
output,

Emission control by unit commitment and dispatch may be examined. An
emission cost parameter ($/ton) may be input and used in conjunction with the
specified emission rate of SO, (Ib/MBtu) to calculate a pseudo fuel price adder
($/MBtu) to be used for unit commitment and dispatch. Simulations with and
without the emission cost parameter can be run and the cost of emission reduction
in 3/ton can be obtained by comparing production costs and emission amounts from
the two simulations.

Parameter Updates

Generating unit characteristics and other system parameters may be adjusted
during the course of a simulation. Parameter updates comprise the last part of the
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input data, They are entered in chronological order and read and implemented as
the simulation progresses.

Some updating consists simply in replacing an old value with a new one, e.g.,
redefining a forced outage rate. Other updating may require some reprocessing. For
example, changing the burn rate characteristics of a generator will require
reestablishing its position in the priority order.

Provision is made for updating all significant parameters. Updates are scheduled
by date and made effective in the first hour of the day.

Event Catalog

Some of the simulation activities are coordinated using an event catalog. The
activities include:

e Initiation of a forced outage.

e Termination of a forced outage.

e Initiation of scheduled maintenance.

¢ Termination of scheduled maintenance.

e Unit beginning commercial operation.

e Unit retirement.

¢ End of year.

Events are stored by activity code and scheduled hour in arrays (catalog) in
chronological order. At the beginning of a simulation hour events scheduled for the
hour are implemented and removed from the catalog.

Combined Cycle Units

A combined cycle unit is represented as a set of up to three mutually exclusive
modes.

¢ Combustion turbine.

e Combustion turbine and heat recovery steam generator.

e Combustion turbine and heat recovery steam generator with supplemental

firing.

Each mode is described in input as a distinct unit. The ‘ombustion turbine
mode is required. One or both of the other modes may be defined.

Forced outages are scheduled for the combustion turbine. When the combustion
turbine goes down the other modes are taken down also.
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Maintenance may be requested for the combustion turbine either by specifying
a maintenance period or requesting automatic scheduling. The other modes share
the maintenance schedule of the combustion turbine.

The combined cycle modes are independently prioritized so it is necessary to
define rules to apply when units are selected for service from a priority list. The
following rules are observed.

* The combustion turbine may be brought on-line if neither mode is on-line.

The combustion turbine may be displaced by either of the other modes.

* The combustion turbine or the heat recovery steam turbine mode may be
brought on-line if the supplemental firing mode is not on-line. Either may
be displaced by the supplemental firing mode.

o The supplemental firing mode always takes precedence.

When a regular generator is brought on-line there is no effect un the
commitment and dispatch of previous hours during the start up process because the
unit is not capable of generating until the current hour. If a higher mode of a
combined cycle unit is brought on-line and the combustion turbine is not already on-
line there is an effect on the previous hours. There is a period before the current
hour when the combustion turbine can generate. Account is taken of this effect by
adding the combustion turbine to the commitment for that period and redispatching.
The start up time for the higher mode is taken to be the time period over which the
adjustment is required.

The requirement to adjust the commitment and dispatch for hours previcus to
the current hour means the simulation must run past the end of a year before all
hours of the year can be finalized.

Pumpsd Storage Plants

Pumped storage plants are modeled by altering the givcn hourly demands,
nominally reducing peak demands (shaving) and increasing low demands (pumping).
Economic criteria guide the selection of the shaving and pumping schedule.

Plants may be specified to operate on 1-day or 1-week reservoir cycles. Pumping
may occur in blocks of less than maximum capacity. Generation (shaving) may be
at any level between minimum and maximum capacity. Plants may have individual
reservoirs or may share a common reservoir. Pumping inefficiency may be specified.
Up to two maintenance periods may be scheduled and forced outage rates may be
specified.
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Each year of the analysis periods is run twice, first to determine a
pumping/shaving schedule and then to simulate the operati . of the system in
response to the modified hourly demands.

In the first pass energy source commitment and dispatch are determined as if
there were no pumped storage plants. Pumping costs are calculated by dispatching
the selected commitment for the hourly demand and for the demand plus pumping
blocks. Pumping costs are calculated for all plants and all pumping blocks. Pumping
capability is based on the excess capacity of the commitment over the demand.
Capacity is not brought on line for the sole purpose of pumping however, pumping
can occur from spinning reserve.

The system dispatch for each hour is examined for high average cost energy
blocks (unit generations or purchases). The highest average cost blocks are saved
for each hour up to the total capacity of the pumped storage plants.

For plants which operate on 1-day reservoir cycles pumping and shaving
schedules are determined by examining periods of two days. A period length of two
days is selected to accommodate late hour pumping. The procedure is as follows.
The highest cost energy blocks are sorted in descending order within each hour and
then in descending order of hourly demand (to slant shaving toward the high demand
hours). The hour of the lowest cost pumping block is selected. The highest dispatch
average cost hours subsequent to the pumping hour are examined to determine
whether expensive energy blocks can be deducted from the hourly demands in the
amount of energy pumped. If the demand reduction can be accomplished the
pumping/shaving match is accepted if:

* The fuel cost savings realized by reducing the demands is greater than the

pumping cost, and

* The pumping/shaving can be accomplished without underflowing or

overflowing the reservoir.

If the pumping/shaving match is acceptable the hourly demands are modified
accordingly and the next lowest cost pumping block is selected for examination. The
process is continued until there are no more pumping candidates. It is not necessary
to examine all pumping blocks for all hours since some blocks may not be feasible
because they exceed the capacity of the commitment, and hours in which the demand
is shaved are ineligible for pumping,

For plants which operate on weekly reservoir cycles pumping/shaving schedules
are obtained by examining periods of eight days.
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An approximation is used to facilitate calculation of pumping costs and savings
resulting from demand shaving. At each hour when the commitment is dispatched,
tables are generated of system incremental cost vs. system fuel cost vs. system
generation. Table points are generated at incremental costs corresponding with the
points of the individual incremental tables of the units and purchases of the
commitment. In using the tables it is assumed that generation and system cost varies
linearly between table points. Use of the table replaces the need for repeated
dispatching of the commitment as the pumping/shaving schedule is determined, and
reduces the amount of data which must be stored.

After the pumping/shaving schedule has been determined for the entire year, the
year is reprocessed for the modified hourly demands.

Fuel Limits

A set of generating units may be identified as sharing a common fuel of limited
supply. The model will determine the most economical way to use the fuel. The fuel
supply limits are specified in MBtu by time periods which may be any combination
of:

¢ Annual
e Monthly
e  Weekly
e Daily

® Arbitrarily defined
Units which share the limited fuel are assigned an unlimited supply of alternate fuel.

Commitment/dispatch is simulated three times for each year. The purpose of
the first two simulations is to identify the best days in which to use the limited supply
fuel and set daily limits. If only daily limits are specified the first two simulations are
not needed.

For the first pass the limited supply fuel is assumed to be available in unlimited
supply and its daily use (MBtu) and the daily system fuel cost (8) are saved. For the
second pass the limited supply fuel is assumed to be unavailable and the daily system
fuel costs are saved. At the end of the second pass daily fuel cost savings per MBtu
of limited fuel used are calculated from:

Second pass system fuel cost - first pass system fuel cost
MBtu of limited fuel used in first pass
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and used to select the best days for using the limited supply fuel. The daily unit cost
savings are sorted in descending order. Fuel limits are assigned to the days in sorted
order, equal to the amount of fuel used in the first simulation pass. As the days are
processed, usage accumulations are monitored relative to the specified period limits
and appropriate daily limits are set to zero when period limits are reached.

After the daily fuel limits are determined the final simulation for the year is
processed. In this pass the simulation for each day is iterated if necessary to satisfy
the limits. In the first run of the day the fuel supply is assumed to be unlimited and
the amount used by each unit is accumulated and saved. If the total fuel used does
not exceed the limit for the day no iteration is required.

If the amount of fuel used in the first run of the day exceeds the daily limit the
'marginal’ unit is identified by summing the fuel used by the uniis taken in the
normal priority order. The unit for which the fuel used first exceeds the limit is
designated the marginal unit. For subsequent iterations, higher priority units are
permitted unlimited supply of the limited fuel, lower priority units have no access to
the limited fuel, and the marginal unit uses a mixture of the limited fuel and its
alternate fuel. The mixture proportion is iterated to obtain the daily usage of limited
fuel under the implied assumption that 'best’ operation results from use of the fuel
up to the limit.

Economy Purchases

Economy purchases are modeled as ’split the savings’ tiansactions. Hourly
selling price quotes are a required input. The system energy sources (generation
units and purchase availabilities) are marked as to whether or not they may be
bought against when on-line. Units described as quick start may be bought against
when off-line.

The system incremental cost is compared with the price quote at every hour. If
the price quote is larger than an input threshold (e.g., 90 percent) of the system
incremental cost there is no transaction.

If the price quote is less than the threshold the economics of a purchase
transaction are examined in the following steps.

* Calculate the system fuel cost to generate the demand and determine the

minimum possible generation (sum of on-line minimum capacities).

* Find the maximum amount of energy which may be purchased equal to the

amount the qualifying on-line units may be backed down in an input fraction
of the hour (e.g., 1/3 hour), plus the capacity of off-line quick start units.
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* Find the maximum amount of energy which may be purchased based on the
economic criterion that the system may not operate at an incremental cost
less than an input multiplier (e.g., 1.10) times the quote price.

* Based on the controlling maximum purchase from the previous two steps
calculate the system fuel cost corresponding to the allowable reduced system
generation.

e (Calculate the transaction price as the average of the price quote and the
average fuel cost saving effected by the reduction of system generation.

e If the economic criterion above or the minimum possible generation of the
on-line commitment limits the amount of energy which may be purchased,
check whether more energy may be purchased by taking expensive quick
start units off-line. For each on-line quick start unit calculate the average
fuel cost at its reduced generation level. If this average cost is greater than
the projected transaction price and the required minimum on-line time is
satisfied, take the unit off-line and add its generation amount to the
permissible purchase amount. When all off-line quick start units are
processed, if the permissible purchase amount has been increased calculate
the new transaction price.

After final determination of purchases transaction amount and price is completed

the new on-line configuration and dispatch is recorded for the hour.
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Existing Substations 500_kV

Type of Number | Capacity | Voltages
Location of
Constr. Trans MVA kv
H. Dam Conventional 2 2 x 320 500/132
Naga Hamady Conv. 3 3 X 285 500/132
Samalout conv. 1 1l x 285 500/132
Assuit 500 GIS. 2 2 X 375 500/220
Naga Hamady Conv. 2 2 X 375 500/220/11
Cairo 500 Conv. 3 3 x 500 500/220
Basous 500 GIs. 1 1 x 500 500/220
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xistin bstations 220 kV

Type of Number Capacity Voltages
Location of
Constr. Transft. MVA kv
Cairo North GIS. 3 3 x 125 220/66/11
Heliopolis Conv., 3 3 x 125 220/66/11
Cairo West Conv. 2 2 X 125 220/66/11
El Hadaba conv. 3 3 x 125 220/66/11
Cairo East Conv. 3 3 x 75 220/66/11
Cairo South Conv. 3 3 x 75 220/66/11
Saptia conv. 3 3 x 125 220/66/11
Bahteem GIS. 2 2 X 125 220/66/11
Wadi Houf conv. 3 3 x 125 220/66/6.6
Basateen GIS 3 3 x 125 220/66/21

!



ions 220 kV

B-4

Typte of Number Capacity | Voltages
Location of

Constr. Transf. MVA kv
Sakr GIS. 2 2 X 125 220/66/11
Katamia GIS. 2 2 X 125 220/66/20
Abu Zaabal GIS. 1 1 x 40 |220/66/11
6 October GIS. 3 2 x 125 | 220/66/20

1l x 40

South Tebin GIS. 2 2 X 125 220/66/6.3
Zagazig Conv. 3 3 x 75 |220/66/11
Manayef Conv. 2 2 X 125 | 220/66/11
Port Said Conv. 2 2 X 125 220/66/11
Seuzes Conv. 2 2 x 125 | 220/66/11




Existing Substations 220 kV

—
Location Type Number of Capacity Voltages
of Constr. Transf. MVA kv
10 Ramadan Conventional 2 2 X 75 220/66/11
Sokhna Conventional 3 2 X 60 220/11
Cement Conv. 2 2 X 75 220/11
Kafr El Conv. 1 1l x 125 220/66/11
Dawar
Damanhour Conv. 2 2 X 50 220/66
Kafr El Sh. Conv. 2 2 X 75 220/66/11
Mahmoudia Conv. 2 2 X 125 220/66
El Sadat Conv. 2 2 X 75 220/66/11
Tahrir Badi Conv. 3 3 x 40 220/66/11
Tanta conv. 3 1 x 125 220/66/11
2 x 40
B-5
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Existing Substations 220 kV

Location Type £ Number of Capacity Voltages
Constr. Transft. MVA kv
Menouf GIS. 2 2 X 125 220/66/11
Kasaby GIS. 2 2 X 125 220/66/11
Mehala GIS. 2 2 X 125 220/66/11
Damietta GIS. 2 2 X 125 220/66/11
Talkha GIS. 3 3 x 125 220/66/11
Hay El1 Barod GIS. 2 2 X 125 220/66/11
K.E1l Dawar Conv. 1 1 x 125 220/66
(Ext)
K.El Shiekh Conv. 1 1x 75 220/66/11
(Ext)
Ameria Conv. 2 2 x 125 220/66/11
B-6




Existing Substations 220 kV

Location Type of Number of Capacity Voltages
Constr. Transf. MVA kv
Tahrir II conv. 2 2 X 125 220/66/11
Ghazal Conv. 2 2 X 125 220/66/11
Abu Kir conv. 2 2 xXx 75 220/66/11
Iron And Conv. 2 2 x 125 220/66/11
Steel
Dekhela GIS. 2 2 x 125 220/66/11
Somid Conv. 2 2 X 60 220/11
Semona GIs. 2 2 X 125 220/66/11
Abis GIS. 2 2 x 125 220/66/11
B. Arab GIS. 2 2 X 125 220/66/11
Free Zone GIS. 2 2 X 125 220/66/11__




Exi

in

ubstations 132 kV

B-8

) Location Type of Number of Capacity Voltages
Constr. Transft. MVA kv

Samalout Conv. 2 2 x 32 132/33/11

El Sail conv. 2 2 X 25 132/33/11

Kom Imbo conv. 3 3 X 25 132/33/11

Idfo Conv. 2 2 x 25 132/33/11

Isna Conv. 2 2 X 50 132/33/11

El Okser conv. 2 2 X 32 132/33/11

El Ferro Conv. 4 4 x 40 132/33/8

Sohage Conv. 2 2 X 50 132/33/11
Qena South conv. 2 2 X 50 132733
Assuit Conv. 2 2 x 50 132/33

\



ubst

ions 132 kV

Location Type of Number of Capacity Voltages
Constr. Transft. MVA kv
Malawy conv. 2 2 X 32 132/33/11
El Menia conv. 2 2 X 32 132/33/11
Maghagha conv. 2 2 X 25 132/33/11
El wWahat El Conv. 2 2 X 16 132/33/6.3
Baharia
Beni Suif conv. 2 2 X 50 132/66/33
Assuit Cem. GIS., 3 3 x 35 132/6.3
Kima Cconv, 8 5 x 55 132/3.3
3 x 32 132/6
Alnm conv. 6 6 x 90 132/10.5
B-9
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Existing Substations 132 kV

B-10

Location Type of Number of Capacity Voltages
Constr. Transf. MVA kv
Assuit 500 GIS. 2 2 X 50 132/33
Assuit Cem. II GIS. 3 3 x 35 132/6.3
El Sail Reh. Conv. 2 2 x 32 132/33/11
Malawy Reh. Conv. 2 2 x 50 132/33/11
2

El Menia Cem. conv. 2 x 25 132/6.3



u ions 220 kV

Location Type of Number of Capacity Voltages
Constr. Transf. MVA kv
Assuit 500 GIS. 2 2 X 125 220/132
Gerga Conv. 2 2 X 75 220/ 66/33
Abo Tartor Conv. 2 2 x 75 220/66/20
B-11
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EXISTING TRANSMISSION LINES 500 kV

g

Name of Line Year Type And | Number of | Length Transmission
1 of Ampacity Circuit
From " To Constr. 8ize Circuits km Losses
High Dam Naga 1967 ACO 2 236 2050 N.A
Hamady 3 x 500
Naga Hamady Samalout 1968 ACO 2 343 2050 N.A
3 x 500
Samalout Cairo 1968 ACO 2 209 2050 N.A
3 x 500
New Way Samalout 1988/89 ACO 1 1.5 2050 N.A
Naga Hamady 3 x 500
Cairo 500 Basous 1968 ACO 1 17 2050 N.A
3 x 500 o
Basous Abu Zaabal 1989 ACO 1 22 2050 N.A
3 x 500




EXISTING TRANSMISSION LINES 220 kV

Lg, Name of Line Year of | Type And | Number of | Length Transmission
Ampacity Circuit
Fromnm To Constr. 8ize Circuits km Losses
Cairo 220 Cairo West 1968 ACSR 2 11 670 N.A
400 .
Cairo 220 Basous 1986 ACSR 2 16 670 N.A
400
Cairo 220 Wadi Houf 1987 ACSR 1 40 670 N.A
- 400
Basous Cairo West 1987 ACSR 2 5 3570 N.A
400
Basous Shoubra 1985 H.P.O.F.C 4 4 900 N.A
w 1989 1250
[o=Y
et Basous cairo North 1986 AL 2 4 670 N.A
400
Basous Heliopolis 1986 ACSR 2 26 1210 N.A
2 x 400
Basous Bahteenm 1986 ACSR 2 18 670 N.A
400
Shoubra Cairo Norht 1984 H.P.O.F.C 1 4.2 900 N.A
1250
Shoubra Saptia 1984 H.P.O.F.C 2 8.4 900 N.A
1250
Cairo Heliopolis ACO 2 19.2 850 N.A
Norht 2 x 240
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EXISTING TRANSMISSION L 220 kV
Name of Line Year of | Type And | Number Length Transmission
of Ampacity Circuit
From To Constr. Bize Circuits km Losses

Cairo Norht Saptia 1984 H.P.O.F.C 2 8.5 900 N.A
1250

Heliopolis Cairo East 1981 H.P.O.F.C 1 15 750 N.A

850

Cairo West Hadaba 1982 ACSR 2 23 670 N.A
400

Hadaba Cairo South 1982 ACSR 2 29 670 N.A
400

Cairo East Katamia 1986 ACSR 2 26 670 N.A
400

Cairo East Basateen 1987 ACSR 2 15 1210 N.A

2 X 400

Cairo East Sakr 1985 ACSR 2 15 670 N.A
400

"cairo South Wadi Houf 1988 ASCR 1 3 850 N.A

2 X 240

Cairo South Basateen 1987 ACSR 2 18 670 N.A
400

New 1988 ACSR 2 25 670 N.A
Wadi Houf South Tebin 400

Sakr Suez 1986 ACSR 2 90 670 N.A
400




EXISTING TRANSMISSION LINES 220 kV

Name of Line Year of | Type And Number Length Transmission
of Ampacity Circuit
From To Constr. Bize Circuits km Losses
Attaka Katamia 1988 ACSR 2 130 1210 N.A
2 x 400
6 October Fayoum 1988 ACSR 2 100 1210 N.A
2 X 400
Basous Kaliobia 1989 ACSR 2 40 1210 N.A
2 X 400
Port Said Manayef 1985 ACSR 2 80 670 N.A I
400
Manayef Abo Soltan 1987 ACSR 2 38 670 N.A
Gen 400
:h Abo Soltan 10 Ramadan 1986 ACSR 2 60 670 N.A
Gen 400
Abo Soltan Suez 2 1983 ACSR 2 77 670 N.A
Gen 400
Suez 2 0ld Suez 1984 ACSR 2 9 670 N.A
Gen 430
Suez 2 Attaka 1 1984 ACSR 2 6 670 N.A
400
Attaka 1 Suez Cement 1984 AAAC 2 56 850 N.A
2 X 236
Suez Sokhna 1981 AAAC 2 26 850 N.A
Cement 2 xX 236




e

91-d

EXISTING TRANSMISSION LINES 220 kV

Name of Line Year Type And Number Length Transmiss
_ of 8ize of Ampacity | ion
From To Constr. Circuits km Circuit
Losses

Sokhna Wadi Houf 1980 ACSR 2 106 670 N.A
400

Manayef Zagazic 1980 ACSR 2 75 670 N.A
400

Talkha Zagazic 1980 ACSR 1 60 670 N.A
400

Zagazic Bahteem 1985 ALO 2 40 670 N.A
400

Suez 2 Sakr Kurish 1984 ACSR 2 20 670 N.A
400

Kafr EL Damanhour 1970 ACSR 2 34 670 N.A
Dawayr 400

ATF Damanhour 1984 ACSR 2 20 670 N.A
400

Talkha Tanta 1970 ACSR 1 50 670 N.A
400

Damanhour Tahrir Badr 1975 ACSR 2 63 670 N.A
400

Tanta Tahrir Badr 1975 ACSR 1 43 670 N.A
400

Talkha Kafr El1 Shiekh 1981 ACSR 2 39 670 N.A
400




A v
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EXISTING TRANSMISSION LINES 220 kV

Name of Line Your Type And Number Length Transmission
i of of Ampacity Circuit
From " To Constr. Size Circuits km Losses
Talkha Mansoura 1983 ACSR 2 12 670 N.A
400
Sadat Cairo 220 1984 ACSR 2 71 670 N.A
400
ATF Tanta 1985 ACSR 2 75 1210 N.A
2 X 400
Mansoura Gamalia 1987 ACSR 2 75 1210 N.A
2 X 400
Menouf Cairo 220 1986 ACSR 2 60 670 N.A
400
Menouf Tahrir Badr 1986 ACSR 2 43 670 N.A
400
Menouf Kalyobia 1986 ACSR 2 41.5 1210 N.A
2 x 400
Kalyobia Basous 1989 ACSR 2 21 1210 N.A
2 x 400
Abo Kir Damanhour 1986 AAAC 2 40 850 N.A
2 x 236
Tahrir II Sadat 1984 ACSR 2 61 1210 N.A
2 X 400
Kafr E1 Abis 1987 ACSR 2 20 1210 N.A
Dawar 2 X 400




EXISTING TRANSMISSION LINES 220 kV

Name of Line Year of | Type and Number Leng. h Transmission
i of Ampacity Circuit
From To Constr. 8ize Circuits km Losses
Kafr El Ameria 1987 AAAC 2 40 550 N.A
-Dawar 236
Damanhour Damanahour 1986 ACSR 2 0.8 670 N.A
Gen. 400
Talkha Zagazig 1984 ACSR 2 60 670 N.A
400
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EXISTING TRANSMISSION LINES 132 kV

L Name of ILine Year Type and Number Length Transmission
i of of Ampacity Circuit
From " To Constr. S8ize Circuits km Losses

H.Dam El Saif 1971 ACSR 2 16 580 N.A
322/60

H. Danm Aswan 1971 ACSR 2 11 580 N.A
322/60

Aswan Kima 1972 ACSR 2 11 580 N.A
322/60

Aswan Kom Imbo 1972 ACSR 2 57 580 N.A
. 322/60

Aswan Idfo 1973 ACSR 2 112 580 N.A
322/60

Idfo Kom Imbo 1973 ACSR 2 60 580 N.A
322/60

Idfo El Ferro. 1975 ACSR 2 3 580 N.A
322/60

Idfo Isna 1975 ACSR 2 51 580 N.A
322/60

Isna El Okser 1975 ACSR 2 66 580 N.A
) 322/60

Isna Qena 1973 ACSR 2 110 580 N.A
322/60

El Oksor Qena 1975 ACSR 2 60 580 N.A
322/60
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EXISTING TRANSMISSTON LINES 132 kV

Name of Line Year Type and | Number Length Transmission
T of of Ampacity Circuit
From To Constr. 8ize Circuits km Losses

Qena Naga Hamady 1973 ACSR 2 46 580 N.A
322/70

Naga Hamady Aluminum 1975 ACSR 6 3 670 N.A
380/80

Naga Hamady Soahag 1974 ACSR 2 98 370 N.A
120/20

Sohag Assuit TH. 1974 ACSR 2 92 370 N.A
120/20

Assuit TH. Assuit Gem. 1989 ACSR 2 20 370 N.A
120/20

Assuit Gen. Malawy 1985 ACSR 2 62 370 N.A
120/20

Malawy EL Menia 1974 ACSR 2 41 370 N.A
120/20

El Menia Samalout 1974 ACSR 2 40 370 N.A
120/20

Samalout Baharia 1982 ACSR 2 203 370 N.A
120/20

Samalout Maghagha 1976 ACSK 2 54 370 N.A
120/20

Maghagha Beni Suif 1977 ACSR 2 60 370 N.A
120/20




124

EXISTING TRANSMISSION LINES 220 KV

Name of Line Year Type And | Number of | Length Transmission
of Ampacity Circuit
From To Constr. Eize Circuits km Losses
Beni Suif Fayom 1976 ACSR 2 35 370 N.A
120/20
New Way
1988/89 ACSR 2 69 370 N.A
Assuit Malawy 120/20
Cement
Naga Hamady | Abo Tartor | 1990/91 ACSR 2 287 670 N.A
380/50
Naga Hamady Gerga 1990/91 ACSR 2 60 670 N.A
380/50
Samalout El Menia 1990/91 ACSR 2 15 670 N.A
Cem. 380/50
Assuit 500 Assuit 1990/91 ACSR 2 4 670 N.A
Cem. II 380/50
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APPENDIX C - HYDROELECTRIC RESOURCES MODEL

EEA informed Ebasco at the beginning of the project that 1991 was considered to be a typical year as far
as hydro generation was concerned. It was agreed that the study would be based on a normal water year,
and that wet and dry years were not required.

With respect to the existing conventional hydro plants, EEA provided peak and base demand (Mw) and
generation (GWH) by months for the year 1991 as shown in Table 1. This data was presented on the
basis that 1991 was a "very typical” year and could be used in the analysis.

In the performance of economic evaluations for alternative expansion plans, average monthly values for
demand and generation from hydro are normally used. On less than average years the pumped storage
plant would be penalized due to the fact that with reduced generation from the conventional hydro more
thermal generation will be required resulting in higher cost thermal being used to pump during off-peak
hours. Convcrsely, on greater than average years more conventional hydro generation will benefit the
pumped storage since less generation requirements from thermal will result in lower cost thermal being
available to pump during off-peak hours. In economic evaluations of alternatives over a long period of
20 years or more it is commonly assumed that the use of an average hydrologic year will adequately
represent the long time average generatior. ivailable from the convertional hydro plants. Accordingly,
Ebasco requested additional data from HPPEA and EEA on hydro generation in order to determine
whether the provided 1991 generation data was a reasonable representation of an average or "very typical”
year. Tiwe supplementary data provided included monthly generation for the years 1982 through 1991,
wherc available, for Aswan I & Il and High Dam. This data as provided is contained in Appendix F, EEA
Provided Hydroelectric Data Base. However, the supplementary data did not include information
regarding demand (Mw),

Utilizing the ten years of generation data (1982 through 1991) from High Dam, a frequency analysis was
made for each month to determine the 50 percent probability generation which was then compared with
the 1991 monthly generation in Table 2. Also included for each month is the average, maximum, and
minimum generation by months from High Dam:
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DEMAND (MW)®
BASE
PEAKING

TOTAL
ENERGY (GHW)®

BASE
PEAKING

TOTAL

€D

/3 MOS47 NY

SUMMARY AND DISTRIBUTION OF HYDRO ENERGY (1991)

TABLE 1

JAN  FEB MAR  APR MAY JUN  JUL AUG SEP OCT NOV DEC ANNUAL
325 530 660 550 964 1433 1250 1156 850 683 633 583 1433
960 1250 1070 1225 844 612 610 594 969 1063 1125 1027 1250

1285 1780 1730 1775 1808 2045 1860 1750 1819 1746 1758 1610 2045

2418 3562 491.0 3960 7174  1031.8 9300 8603 6120 S08.2 4558 4338 7034.3
1759  296.7 2565 3426 2527 191.0 2519 2288 1911 1836  167.1 1717 2709.6
4177 6529 747.5 7386 970.1 12228 11819 1089.1 803.1 691.8 6229 6055 97439

SOURCE: (1) EEA MONTHLY ENERGY REPORTS
(2) EEA MONTHLY LOAD DURATION CURVES



TABLE 2

Generation from High Dam - GWH
(Based on Supplementary HPPEA/EEA data)

50 Percent
Mo. 1991 Probability Average Maximum Minimum
J '290.3 415.0 446.1 789.1 256.3
F 471.8 526.0 538.7 716.0 3795
M 5412 575.0 583.6 775.9 395.0
A 531.8 560.0 571.6 762.5 412.2
M 718.8 642.0 690.8 847.7 508.6
J 897.2 890.0 901.8 1062.6 689.5
J 866.3 862.0 871.8 1078.7 628.8
A 7577 775.0 779.3 972.0 634.3
S 585.2 620.0 628.6 782.3 495.8
o 507.5 540.0 548.8 753.8 410.0
N 4492 485.0 494.6 649.1 346.9
D 4354 4680 4798 6493 3410
Total 70524 7358.0 7535.5 9839.0 5503.8
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Since Aswan 2 was placed in operation in October of 1985, the evaluation of base hydro generation from
Aswan I & II was made starting in 1986. A comparison of the hydro generation from Aswan I and 2 in
1991 with generation for the period 1986 through 1991 is contained in Table 3.

TABLE 3

Generation from Aswan 1 and 2 (GWH)
(Based on supplementary HPPEA/EEA data)

For Years 1986 through 1991

Mo, 1991 Avg Max Min
J 1334 140.1 164.5 97.0
F 190.4 190.5 200.7 181.0
M 217.2 210.2 217.2 199.8
A 218.2 2114 218.2 209.6
M 263.8 2544 266.4 245.7
J 336.0 3149 336.0 298.0
J 326.2 317.2 337.6 2954
A 303.8 2929 303.8 278.8
S 228.0 2273 238.9 220.6
0] 195.7 1949 2144 184.7
N 181.8 183.0 193.7 176.2
D 1713 1788 1909 168.0
Total 2772.5 2715.6 2882.3 2554.8

A comparison of the 1991 monthly generation for both High Dam and Aswan I & II with the average for
the period as shown on Tables 2 and 3 respectively, indicates that (with the exception of January) there
is a reasonably good correlation between the monthly generation data for 1991 (taken from the
supplementary data) and the average and/or 50% probability generation for the period reviewed.

The 1991 monthly generation data for Aswan [ & II was then added to that for High Dam. The resulting

total hydro generation is shown in Table 4which also lists the "very typical" EEA data originally proposed
by EEA for the study.
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As indicated in Table 4, the monthly generation values from the two sources of information for the year
1991 are quite close. Excluding May, the variance is positive and is in the range of 1.3%. May, which
is not a peak load month, has a negative variance of 67.4 MwH or about 7%.

TABLE 4

1991 Generation from all Hydro

HPPEA/EEA EEA "Very Typical" Percent

Mo. Supplementary Data Data Variance Variance
(Exhibit A) %
MwH MwH MwH

J 423.7 4177 6.0 1.44
F 662.1 652.9 9.2 1.41
M 758.4 747.5 10.9 1.46
A 750.1 738.6 11.5 1.56
M 902.7 970.1 (67.4) (6.95)
J 12334 1222.8 10.6 0.87
J 1193.2 11819 113 0.96
A 1101.5 1189.1 12.4 1.14
S 813.2 803.1 10.1 1.26
o) 703.2 691.8 11.4 1.65
N 631.0 622.9 8.1 1.30
D 613.6 605.5 8.1 1.34

As previously noted, the supplementary data did not include information concerning demand in Mw by
months for the other years. Consequently it was not possible to determine directly whether the demand
data obtained for the year 1991 was representative of an average year., However, it can be concluded that
it is reasonable to assume that monthly capacities given for the year 1991 are representative of an average
year based on the following:

1) The capacity from any hydro plant is based on the flow through the units, the head on the units
and the plant efficiency.

2) The Aswan reservoir which is the tailwater for High Dam plant, regulates the peaking flow
coming in from High Dam each day such that the releases downstream are fairly uniform. The
water level in Aswan Reservoir fluctuates very little, and since Aswan 2 was constructed all
releases from the dam pass through the units. Therefore Aswan 1 & 2 are operated on base and
output is related directly to irrigation releases.

3) High Dam Reservoir has sufficient storage to regulate inflows such that the irrigation
requirements, which vary from month to month, can be met. During high inflow years the excess
inflow is stored, while during low flow years the reservoir is drawn down to implement the low
flows and meet the monthly irrigation requirements, Since irrigation is of primary importance,

C-6
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4)

5)

6)

the annual releases from High Dam do not vary significantly (Ref. Exhibit B). Monthly releases
do fluctuate a greater amount in accordance with irrigation needs, however the monthly
distribution from year to year does not vary significantly.

The water level in High Dam reservoir can fluctuate from 147 m to 180 m. Historically, from
1970 through 1991, the water level ranged from a mimmum of 150.62 m to a maximum of 177.81
m. Inany given year, the range of water levels in High Dam reservoir is considerably less. The
water level in High Dam reservoir at average volume is about 167 m. In 1991, the water level
tluctuated from a runimum of 162.23 m to a maximum of 169.35, which is around the average
storage level. Since the water level at Aswan Reservoir fluctuates relatively little, the head at
High Dam hydro plant was alsc around average in 1991,

Since the release from High Dam for each month does not vary significantly from year to year
and the water level in the reservoirs in 1991 was at or near average level, it follows that the
generation from High Dam was also about average as indicated in the discussion and Tables 2,
3 and 4 above.

For a given release through the turbine units, the maximum capacity from the High Dam plant is
directly related to the head. Therefore, if the head at High Dam is average based on
corresponding watcr levels at High Dam and Aswan, the potential capacity from the units at High
Dam must also be average.

Accordingly, the data prescnted in Table 1 was used without modification in the analysis.
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Appendix D
Fixed Charge Rate Caiculations
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BASE FINANCIAL PARAMETERS

Cost of Money - Foreign 60% Commercial Loan @ 72 % and 40% Soft Loan @ 3%

Cost of Money - Local 12.0%

Discount Rate 6.96%

Plant Content, % CT CC Steam (Oil/NG) Steam (Coal) Pumped Hydro
Foreign 85 80 70 70 70
Local 15 20 30 30 30

IDC Rate % 6.65 6.96 7.59 7.59 7.59

Fixed Charge Rate %

Assumed Life - Yrs 20 25 30 30 50
Wegt'd Cost Money % 4.08 - 3.88 3.97 3.97 3.57
Depreciation 2.45 2.23 2.09 2.09 1.88
Insurance 0.10 0.10 0.10 0.10 0.10
Administration 0.20 0.20 0.20 0.20 0.20
6.83 6.41 6.36 6.36 5.75

M0547 NY D-2



Base Fixed Charge Rate Calculatio..s

Goal: A levelized fixcd charge rate over the life of the plant will be calculated.

Assumptions:
1) Both local and foreign loan terms are 20 years with a 5 year grace period.

2) Local loan is at 12% interest.
Foreign loan is 60% commercial loan at 7%2% and 40% soft loan at 3%.

M0S€T NY D-3



The fixed charge rate (FCR) for each type of capacity must be calculated for use in POWRPRO
including consideration of the loan type described for Egypt. The foreign and local loans can
be obtained with a 5 year grace period and a 15 year payment period. A cash flow diagram is
as follows:

Receive
loan

llnterest payments - 15 Yearsl
0 5 6 20 | Pay back principal.

The cash flow payments in the diagram must be expressed by an equivalent levelized annuity
(FCR) over the life of the facility. The actual cash flow payments and the levelized annuity are
identical when they both have the identical present worth (PW) value.

MOS4T.NY D-4
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Interest on the loan plus payback of the loan are two components of the FCR. These
components can be calculated in two ways.

i (1+D°®
1) FCR = Capital Recovery Factor = (1+i) -1
This contains both- interest & payback uniformly as in an annuity.
i + i
2) FCR = Interest + Sinking Fund Factor = (1+i°-1

Note that these are equal.

P+ _ i o= i(l+i)
A+i® -1 (1+i)P -1

The following calculates a levelized FCR over the life of the facility, by components of:
i) Interest (Weighted cost of money)
ii) Sinking Fund Factor (depreciation component).

Calculations follow,

Mos4? NY D-5
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Discount rate is the average cost of money to UPS for all projects. Assume it to consist of 80%
foreign and 20% local loans.

Discount rate = (.2)(.12)+(.8)[(.60)(.075)+(.4)(.03)]
= .0696 = 6.96%

1. Pumped Hydro
Wgt cost of money = .7(.6 x .075 + .4 x.03) + .3 (.12) = 7.59%

i) Wgt cost of money component

I 5 l l 20
As0

PW; = A¢y [P/A, 6.96%,15] = .0759 [ (1.0696) ¥ -1 ]
( .0696) (1.0696)"* = .0759 (9.131) = .6930

PW, = PW; [P/F, 6.96%, 5] = .6930[ _' ]
(1.0696)°

PW, = 4950

MOsa7 NY D-6


http:8)[(.60)(.075)+(.4)(.03

Conver to equivalent annuity over life of plant
AI-SO = PWl X [A/P, 6.96%, 50]

.4950 x [(.0696) (1.0696)*
(1.0696)* -1 = .4950 x (.0721)

= .0357 =3.57%
ii) Depreciation Component
PWl = on [P/P, 6.96%, 20]
=100 L __]
(1.0696)%
= .2604
convert to equivalent annuity over life of plant (levelized).

Ao = PW, [A/P, 6.96%, 50]
= .2604 [ (.0696) (1.0696) *°]

(1.0696)%!
= 0188 = 1.88%
FCR

Assumed Life - yrs 50
Wet Cost of Money 3.57%
Depreciation 1.88%
Insurance 0.1%
Administration 02%

5.75%

MOS&7 NY D-7



Combustion Turbine
Wet Cost of Money = .85 (.6 x.075 + .4 x .03) + .15 x .12 = .0665

i) Wgt Cost of Money Component

PW, = Aq, [P/A, 6.96%, 15] = 0665 [(1.0696)" - 1]
(.0696)(1.0696)"*

.0665 (9.1310)

6072

PW, = PW, [P/F, 6.96%, 5] = .6072 [__1_]
(1.0696)° = .4337

A|,20 = PW] [A/P, 6.96%, 20]

= ,4337 [(.0696)(1.0696Y]
(1.0696)*-1
= .0408 = 4.08%

ii) Depreciation Component
'PW, = F,, [P/F, 6.96%, 20] = .2604 as before
A, = PW, [A/P, 6.96%,20]
= .,2604 [(.0696)(1.0696)
(1.0696) - 1

= .0245 = 2.45%

MOS47 NY D-8
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Assumed Life - yrs
Wgt Cost of Money
Depreciation
Insurance
Administration

2
3

Wgt Cost of Money = .7 (.6 x .075 + .4 x .03) + .30x .12 = 7.59%

20

4.08%
245%
0.1 %
0.2 %
6.83%

i) Wegt Cost of Money Component

PW, = A, [P/A, 6.96% 15] = .0759 (9.1310)

= .6930

PW, = PW; [P/F, 6.96%, 5] = .6930 (__1_)*

= .4950

A3 = .4950 [(.0696)(1.0696)°] = .4950 (.0802)

(1.0696)* - 1
= .0397 = 3.97%

1.0696

1
©



ii) Depreciation Component
PW, = F,, [P/F, 6.96%, 20] = .2604 as before
Auz = PW, [A/P, 6.96%,30]

= ,2604 [ (.0696)(1.0696)%
(1.0696)° - 1 = .2604(.0803)

= ,0209 = 2.0%
ECR

Assumed Life - Yrs 30

Wgt Cost of Money 3.97%

Depreciation 2.09

Insurance 0.1

Administration 0.2
6.36%
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Combined Cycle
Assume 25 yr. Life

Wgt Cost of Money = .80 (.6 x .075 + .4 x .03) + .20x .12 = .0696
i) Wgt Cost of Money Component

PW, = A, [P/A, 6.96%, 15] = (0.696) (9.131) = .6355

PW, = PW; [P/F, 6.96%, 5] = .4540

A, = PW, [A/P, 6.96%, 25] = .4540 [ (.0696)(1,0696)**]

(1.0696)* - 1
= .0388 = 3.88%

ii) Depreciation Component
PW, = F,, [P/F, 6.96%, 20] = .2604 as before

Al-25 = PW] [A/P, 6.96%, 25]

= .2604 [ (.0696)(1.0696)*]
(1.0696)* - 1 = .2604(.0855)

02226 = 2.23%
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Assumed Life - Yrs
Wgt Cost of Money
Depreciation
Insurance
Administration

25
3.88%
2.23%
0.1%
0.2%
6.41%
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Cost of Money - Foreign
Cost of Money - Local
Discount Rate

Plant Content, %

Foreign
Local

IDC Rate %

Fixed Charge Rate %
Assumed Life - Yrs
Wegt'd Cost Money %
Depreciation

Insurance
Administration

MO347 NY

CT

85
15

6.14

20

3.83
2.58
0.10
0.20
6.71

LOWER INTEREST RATE FINANCIAL PARAMETERS

60% Commercial Loan @ 6'2% and 40% Soft Loan @ 3%

CC

80
20

6.48

25

3.65
2.23
0.10
0.20
6.18

12.0%
6.48%

Steam (Qil/NG)

70
30

7.17

30

3.77
2.18
0.10
0.20
6.25

D-13 -

Steam (Coal)

70
30

7.17

30

3.77
2.18
0.10
0.20
6.25

Pumped Hydro

70
30

7.17

50

3.34
1.93
0.10
0.20
5.57



Lower Interest Fixed Charge Rate Calculations

Goal: A levelized fixed charge rate over the life of the plant will be calculated.

Assumptions:
}) Both local and foreign loan terms are 20 years with a 5 year grace period.

2) Local loan is at 12% interest.
Foreign loan is 60% commercial loan at 6%2% and 40% soft loan at 3%.

MO347 NY D-14



The fixed charge rate (FCR) for each type of capacity must be calculated for use in POWRPRO
including consideration of the loan type described for Egypt. The foreign and local loans can
be obtained with a 5 year grace period and a 15 year payment period. A cash flow diagram is
as follows:

Receive
loan

llnterest payments - 15 Yearsl
0 5 6 20 [ Pay back principal.

The cash flow payments in the diagram must be expressed by an equivalent levelized annuity
(FCR) over the life of the facility. The actual cash flow payments and the levelized annuity are
identical when they both have the identical present worth (PW) value.

MOSST.NY D-15



Interest on the loan plus payback of the loan are two components of the FCR. These
components can be calculated in two ways.

i (1+i)°
1) FCR = Capital Recovery Factor = (1+i)> -1
This contains both interest & payback uniformly as in an annuity.
i + i
2) FCR = Interest + Sinking Fund Factor = a+i°-1

Note that these are equal.

i+ i o= 0P
L+ -1 1+ -]

The following calculates a levelized FCR over the life of the facility, by components of:
i) Interest (Weighted cost of money)
ii) Sinking Fund Factor (depreciation component).

Calculations follow.

MOS47 NY D-16



Discount rate is the average cost of money to UPS for all projects. Assume it to consist of 80%
foreign and 20% local loans.

Discount rate = (.2)(.12)+(.8)[(.60)(.075)+(.4)(.03)]
= .0648 = 6.48% '

1. Pumped Hydro
Wgt cost of money = .7(.6 x .065 + .4 x.03) + .3 (.12) = 7.17%

i) Wgt cost of money component

] o
Ag0

PW; = Ag, [P/A, 6.48%,15] = .0717 [ (1.0648) 5 -1 ]
( .0648) (1.0648)" = .0717 (9.414) = .6750

PW, = PW, [P/F, 6.48%, 5] = .6750 [ __' ]
(1.0648)°

PW, = .4950

MO347 NY D-17



Convert to equivalent annuity over life of plant

Ao =

MOS47 NY

ii)

PW, x [A/P, 6.48%, 50]

14931 x [(.0648) (1.0648)")
(1.0648y°-1 = .4931 x (.0679)

0334 =3.34%
Depreciation Component
PW, = on [P/F, 6.48%, 20]
= 1.0[ 1 ]
(1.0648)%
= ,2849
convert to equivalent annuity over life of plant (levelized).

A1,50 = PW, [A/P, 6.48%, 50]

= ,2849 [ (.0648) (1.0648) ]
(1.0648)"!

0191 = 1.93%

Assumed Life - yrs 50

Wgt Cost of Money 3.34%
Depreciation 1.93%
Insurance 0.1 %

Administration 0.2 %
5.57%

D-18
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Combustion Turbine
Wgt Cost of Money = .85 (.6 x .065 + .4 x.03) + .15x.12 = .0614

i) Wegt Cost of Money Component

PW; = A, [P/A, 6.48%, 15] = .0614 [(1.0648)" - 1]
(.0665)(1.0665)"

0614 (9.414)
5781

PW, = PW; [P/F, 6.48%, 5] = .5781 [ __1_]
(1.0648)y° = .4223

A, = PW, [A/P, 6.48%, 20]

= 4223 [(.0648)(1.0648)"]
(1.0648)%-1
= ,0383 =3.83%

ii) Depreciation Component
PW, = F,, [P/F, 6.48%, 20] = .2849 as before
A|,20 = PW, [A/P, 6.48%,20]

= .2849 = [(.0648)(1.0648))
(1.0648)% - 1

= ,0258 = 2.58%

D-19
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s

Assumed Life - yrs 20
Wgt Cost of Money 3.83%
Depreciation 2.58%
Insurance 0.1 %
Administration 02 %

6.71%
Steam

Wegt Cost of Money = .7 (.6 x .065 + .4 x .03) + .30x .12 = 7.17%

i) Wegt Cost of Money Component

PW5 = A5,20 [P/A, 6.48% 15] = 0717 (9.414)

= .6750
PW, = PW; [P/F, 6.48%, 5] = .6750 (_1_)°
= .4931 1.0648
Az = .4931 [(.0648)(1.0648Y°] = .4931 (.0764)
(1.0648)% - 1
= .0377 = 3.77%

Z MOSAT.NY D-20
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ii) Depreciation Component
PW, = Fy, [P/F, 6.48%, 20] = .2849 as before
Al-30 = PW, [A/P, 6.48%,30]

= .2849 [ (.0648)(1.0648)")
(1.0648)° - 1 = .2849(.0764)

02177 = 2.1717%

ECR
Assumed Life - Yrs 30
Wgt Cost of Money 3.77%
Depreciation 2.18
Insurance 0.1
Administration 0.2

6.25%

MOS47.NY D-21
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4.

Combined Cycle
Assume 25 yr. Life
Wgt Cost of Money = .80 (.6 x .065 + .4 x .03) + .20 x .12 = .0648
i) Wgt Cost of Money Componeant
PW, = Ag,, [P/A, 6.48%, 15] = (0.648) (9.414) = 6100
PW, = PW, [P/F, 6.48%, 5] = .4456
A,as = PW, [A/P, 6.48%, 25] = .4456 [ (.0643)(1.0648)*]
(1.0648)* - 1
= ,0365 = 3.65%
ii) Depreciation Component
PW, = F,, [P/F, 6.48%, 20] = .2849 as before
A = PW, [A/P, 6.48%, 25]
= ,2849 [ (.0648)(1.0648)*]
(1.0648)* - 1 = ,2849(.0818)
= ,0233 = 2.23%
| MOS47.NY D-22
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Assumed Life - Yrs
Wgt Cost of Money
Depreciation
Insurance
Administration

25
3.65%
2.23%
0.1%

02%
6.18%

D-23
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APPENDIX E - COMBUSTION TURBINE RELIABILITY

In general pumped storage plants are more reliable than thermal power plants. The North American
Electric Reliability Council (NERC) coliccts and publishes performance data on different sypes of
generating units on an annual basis. Reference was made to this publication and utilization of its most
recent data for the years 1987 through 1991 was made for an assessment of the reliability of combustion
turbines und pumped storage. As indicated by the NERC-GADS report, a measure of the reliability of
any type of generating facility is the Equivalent forced Outage Rate (EFOR). The EFOR for the Pumped
Storage and Combustion Turbines in the United States for the years 1987-1991 are 10.44% and 67.72%
respecuvely. However, as pointed out in the EPRI "Pumped-Storage Planning and Evaluauon Guide"
dated January 1990, these values are unreal’stically high for peaking plants such as Pumped Storage and
Combustion Turbines. EPRI recommended an adjustment be made to the NERC EFOR equation to
account for the duty cycle of these peaking units. The suggested modsification to the NERC EFOR are
based on a paper written by P F Albrecht, W D Marsh and F H Kindle of General Electric titled "Gas
Turbines Require Different Outage Criteria” which appeared in Electrical World, April 27, 1970. As
described in the NERC-GADS repont, the formula for the Equivalent Forced Outage Rate is as follows:

EFOR = FOH + EFDH x 100 (%)
FOH + SH + EFDHRS
vhere;
FOH = Forced Outage Hours
EFDH = Equivalent Forced Derated Hours
SH = Service Hours
EFDHRS = Equivalent Forced Derated Hours During Reserve Shutdowns

The adjustment recommended in the EPRI manual and the above reterenced paper for peaking units is to
multiply the Service Hours (SH) by the ratio of 24/D, where D represents the average operaling time
expected each day from the plant. For the CTs and PS units, D selected was 4 and 8 hours, respectively.
Utilizing the results of the last S years of record from 1987-1991 in the NERC-GADS report we obtain
the Adjusted Equivalent Forced Outage Rate (AEFOR) as follows:

AEFOR = FOH + EFDH x 100 (%)

FOH + (SH) (24) + EFDHRS

D

where;
FOH = Forced Outage Hours
EFDH = Equivalent Forced Derated Hours
SH = Service Hours
EFDHRS = Equivalent Forced Derated Hours During Reserve Shutdowns

E-2
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Data From NERC-GADS (1987-1991)

Combustion Pumped
Turbines Storage

Terms (HRS) —(HRS)
FOH 303.59 261.23
EFDH 42.16 2,23
SH 24541 2262.02
D 4 8
SH (24/D) 1472.46 6786.06
EFDHRS 2.18 0

Substituting in the above formula we obtain an AEFOR for the Combustion Turbines and Pumped Storage
plants of 19.44% and 3.74% respectively.

MOS4T NY
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Pumped Storage Operational
Parameters and Capital Cost



APPENDIX F - PUMPED STORAGE OPERATIONAL PARA;METERS AND CAPITAL
COSTS

Operational Parameaters

The overall pumping and generating cycle efficiency factor has been calculated to be 1.35 for this
study. This means that 1.35 MWh of energy is consumed by the plant for every MWh of energy
generated. This efficiency includes generator, motor, turbine, pump, flowline, transformer, and
transmission losses.

For the same volume of water transported during generation and pumping, the cycle efficiency
can be represented by the following formula:

(I)  Cycle Efficiency = H, x E, x E, = Generating Qutput
TDH Pumping Energy Input

The reciprocal of the Cycle Efficiency is an indication of how much energy is taken out of the
system when pumping water up to the upper reservoir as compared to how much energy is
obtained from the Hydro Pumped Storage when generating.

In the above formula, E, represents the product of all the efficiencies of the equipment when
acting in the pumping mode, while E, represents the product of all efficiencies when in the
generating mode.

For the Ain Sukhna site reference was made to the VPL report - Annex 2/4-5 where equipment
and tlowline efficiencies were given.

Assuming that two units are operating on each conduit and each unit is operating at best gate
when generating and at 100% gate when pumping we have the following:

Average Gross Head = 588m

Flowline losses, generating = 5.9m

Net Head = H, = 582.1m

Flowline losses, pumping = 5.7m

Total Dynamic Head = TDH = 593.7m

Efficiency of Plant in the generating mode (excluding Flowline Efficiency) at 80% power = 100
x (0.896 x 0.986 x 0.996 x 0.993) = 0.874 x 100 = 87.4%

Efficiency of Plant in the pumping mode (excluding Flowline Efficiency) at 100% power = 100
x (0.902 x 0.99 x 99.8 x 98.9) = 0.881 x 100 = 88.1%

Therefore, the cycle efficiency as indicated by formula (1) is equal to:

(2)  Cycle Efficiency = H, x E, x E_ = (582.1 x 0.881 x 0.874) = 75.5%
TDH 593.7
and the reciprocal of the cycle efficiency is 1.325

F-2
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For the 800m head hypothetical pumped storage hydro plant, the following basic parameters were
utilized:

Average Gross Head = 801

Flowline Flow, generating = 3104cfs

Flowline Losses, generating = 13.4m

Net Head = H, = 787.6m

Flowline Flow. pumping = 0.76 x 3104cfs = 2359cfs

Flowline losses, pumping = 7.7m

Total Dynamic Head = 801 + 7.7 = 808.7m

Efficiency of Plant in the generating mode (excluding Flowline Losses) (assume same as
VPL) = 87.4%

Efficiency of Plant in the pumping mode (excluding Flowline Losses) - 88.1%

Therefore, the cycle efficiency as indicated by formula (1) is equal to:

(3)  Cycle Efficiency =H, x E, x E,. = 100 x (5787.6 x 0.881 x 0.874)
TDH 808.7

= 75.0%
and the reciprocal of the cycle efficiency is 1.334

Conservatively we have used a cycle efficiency of 1.35 in this study.

Capital Cost

For preliminary cost estimating of pumped storage hydro projects to be used in Phases [ and II
Ebasco developed a cost curve based on construction costs for pumped storage hydro projects
installed and/or designed since 1980. Historical cost data excluding land, transmission and
interest during construction for projects in the United States escalated to January 1992 were
utilized in the analysis. The present day project costs were plotted on log-log paper against a
parameter of capacity in Mw divided by net head raised to the 0.3 power as shown on the
attached Figure F-1. A regression analysis of the sets of data was performed which resulted in
the following generalized fomula:

Capital Costs 