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ABSTRACT
 

The phenomenal growth of electric power requirements in Sudan has surpassed
 

the ability of the Public Electricity and Water Corporation (PEWC) system to
 

meet the daily peak demands at present for the short-range period (1981-1986).
 

There is a significant irbalance in the demand and supply of electricity gen­

erating resources in the Blue Nile Grid (BNG) system which generates over
 

90 percent of the PEWC's energy requirements.
 

This report estimates the impacts of energy conservation, demand management,
 

and other programs for the short-range period (1981-1986) on improving the
 

system reliability of the BNG service area. Potential changes in consumer
 

load levels and patterns resulting from the introduction of conservation and
 

load management programs should be an important consideration for the short­

range operating system reliability improvement. Most of the programs analyz­

ed in this report for the PEWC system are technically feasible and commercial­

ly available.
 

The implementation of different recommended programs during the study period
 

not only will help to eliminate the capacity/energy shortages for the BNG
 

system but also have the potential to produce significant savings inoperat­

ing cost.
 



iv 

TABLE OF CONTENTS 

ACKNOWLEDGEMENT 	 .*Sa.*? 

ABSTRACT ..... . ii
 

TABLE OF CONTENTS ...... iv
 

A. EXECUTIVE SUMMARY 	 ...... 1
 

B. RECOMMENDATIONS 	 ...... 10
 

1. INTRODUCTION 	 ...... 14
 

1.1 OBJECTIVE AND SCOPE OF THE REPORT 	 ...... 15
 

1.2 DEMAND 4ANAGEMENT AND ENERGY CON'SERVATION 	 ...... 15
 

POTENTIALS 

1.3 DEMAND REDUCTION TECHNOLOGIES 	 ...... 16
 

1.3.1 DIRECT LOAD CYCLING OF AIR CONDITIONERS ...... 16
 

'1.3.2 POWER FACTOR IMPROVEMENT ...... 17
 

1.3.2 	 OFF-PEAK OPERATION OF WATER PUMPS ...... 17
 

1.4 ENERGY CONSERVATION TECHNOLOGIES 
 ...... 17
 

1.5 OTHER SYSTEM IMPROVEMENT PROGRAMS 	 ...... 18
 

1.5.1 AVAILABILITY IMPROVEMENT OF EXISTING UhITS 	 ...... 18
 

1.5.2 	 REMOVAL OF TRANSMISSION AND DISTRIBUTION ...... 19
 

'BOTTLE-NECKS'
 

a..... 	 191.5.3 	REPOWERING 


1.5.4 	 INCENTIVES FOR SELF-GENERATING CUSTOMERS ...... 20
 

20
1.5.5 	 SHIFTING OF INDUSTRIAL LOAD ...... 

...... 201,5.6 	 DEMAND SUBSCRIPTION SERVICE 



V
 

a..... 	 222. 	 SHORT-RANGE SUPPLY AND DEMAND OUTLOOK 

...... 222.1 	 EXISTING SUPPLY PLAN 


2.2 	POWER-Ill GENERATION EXPANSION PLAN 
 .... 22
 

...... 242.3 	LOAD FORECASTS 

...... 282.4 	 PLANNING CRITERIA 

a..... 	 312.5 	GENERATION EXPANSION PLANS 


p ..... 37
2.6 	 BNG SYSTEM LOAD CHARACTERISTICS 

*.... 45
3. DIRECT LOAD MANAGEMENT ADOPTION SCENARIO AND 


SYSTEM LOAD IMPACTS 

...... 463.1 	 AIR CONDITIONING LOADS 


...... 48
3.2 	SYSTEM LOAD IMPACTS 


...... 523.3 	AIR CONDITIONING LOADS FOR 1981-1986 PERIOD 

IMPACTS ON GENERATION EXPANSION REQUIREMENTS ...... 563.4 


4. 	FINANCIAL INCENTIVES OF POWER FACTOR IMPROVEMENT ...... 63
 

4.1 	 GENERAL BACKGROUND 


64
 

...... 63
 

4.2 BENEFITS OF POWER FACTOR IMPROVEMENT 	 *..... 

...... 664.3 	 EFFECTS OF POWER FACTOR ON THE BNG SYSTEM 

AN EXAMPLE OF COSTS AND SAVINGS DUE TO IMPROVED ...... 704.4 


POWER FACTOR
 

. ..... 70
4.5 	EFFECTS OF POWFR FACTOR ON KVA DEMAND 


...... 74
5. SYSTEM IMPACTS OF ENERGY CONSERVATION MEASURES 


...... 74'
5.1 	 CONSERVATION PRIORITIES 


...... 75

5.2 	QUANTIFICATION OF ENERGY CONSERVATION MEASURES 

5.3 	 SUMARY OF CONSERVATION MEASURES ...... 82 



vi 

6. INTERRUPTIBLE RATES FOR SELF-GENERATING CUSTOMERS ,..... 85
 

6.1 OPERATING BENEFITS OF INTERRUPTIBLE LOADS 	 ..... , 93
 

6.2 SHORT-RANGE CAPACITY SAVINGS 	 , .... 94
 

6.3 SHORT-RANGE OPERATING BENEFITS 	 ...... 98
 

6.3.1 	 OPERATING RESERVE BENEFITS ...... 101
 

6.3.2 	DIFFERENTIAL ENERGY-PRODUCTION COSTS (ECONOMY ...... 102
 

SAVINGS)
 

6.4 PROPOSED INTERRUPTIBLE RATES FOR SELF-GENERATING ...... 102
 

CUSTOMERS 

7. REPOWERING OF A RESOURCE 	 ...... 103
 

7.1 BACKGROUND AND CONCEPT 	 *,,.., 103
 

7.1.1 	 COMBINED CYCLE EFFICIENCY ...... 105
 

7.1.2 	SITE AND ENVIRONMENTAL CONSIDERATIONS ...... 106
 

7.1.3 	 CAPITAL COSTS ...... 106
 

7.1.4 	 4INSTALLATION LOAD TIMES AND ESCALATION ..... 107
 

7.2 REPOWERING POTENTIALS FOR THE BNG SYSTEM 	 ...... 109
 

7.3 REPOWERING EXPERIENCE OF OTHER UTILITIES 	 ...... 112
 

7.4 SYSTEM IMPACTS OF REPOWERING ON THE BNG SYSTEM ...... 116
 

8. OTHER OPTIONS FOR IMPROVING SHORT-RANGE OPERATING ...... 120
 

RELIABILITY
 

8.1 DEMAND SUBSCRIPTION SERVICE (OSS) 	 ...... 120
 

8.1.1 	 PROGRAM OBJECTIVES ...... 121
 

8.2 OFF-PEAK WATER PUMPING 	 ...... 123
 

8.3 INDUSTRIAL LOAD SHIFT 	 ...... 126
 

8.3.1 	 FEASIBILITY OF SHIFTING ELECTRIC POWER DEMAND ...... 127
 



8.4 EXITING POWER PLANTS AVAILABILITY IMPROVEMENTS ...... 131 

8.5 REMOVAL OF TRANSMISSION 'BOTTLE-NECKS' ...... 134
 

...... 136
APPENDIX A 


REPOWERING FEASIBILITY EVALUATION FORMS
 

...... 146
APPENDIX B 

POWER SYSTEM PLANNING CRITERIA 



1
 

A. EXECUTIVE SUMMARY 

The objective of this report is to present a realistic assessmont of the pro­

blems confronting the Public Electricity and Water Corporation (PEWC) in Su­

dan and recommend feasible solutions for the stiort-range period (1981-1986) 

to improve the operating systen's reliability. Due to inadequate reserve mar­

gins necessary for maintenance and repairs, as well as unforeseen equipment
 

failure, a power shortage has developed in the PEAC service area especially
 

during periods of peak power use. Operating with insufficient generation
 

capacity to meet customer's demands exposes the entire system to frequent
 

collapse.
 

Analysis of energy use inthe PEWC system shows that approximately 90 percent 

of the corporation's sales is in the Blue Nile Grid (BNG) system. Therefore,
 

all the analysis reported herein-pertains only to the BNG system of the PEAC
 

service area. All analyses were performed based on two resource scenarios
 

for the study period -- Scenario #1 assumes capacity availability as planned 

and Scenario.#2 considers the slippage of Rosieres Unit #5 and #6 for a six
 

month period to assess the maximum possible capacity shortage in the BNG
 

Based on the results of this study, the following major conclusions
system. 


were drawn:
 

1. For the BNG service area, 1982 is a critical year. The short-range re­

serve capacities (MW) for the two base case scenarios are as follows:
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Base Case
 
Scenario 1981 1982 1983 1984 1985 1986
 

#1 -54 -79 +87 +108 +85 -30
 

#2 -54 -79 -32 - 19 - 3 -29
 

2. Air conditioning load inthe commercial and residential sectors contri­

butes over 25 percent of the peak demand during the morning and evening
 

peak hours. Therefore, any load cycling program of air conditioning load
 

will reduce the short-range capacity shortage. The results of air con­

ditioning load management programs are as follows:
 

Scenario #1
 

Items 1981 1982 1983 1984 1985 1986
 

1. Base Case Reserve -54 -79 +87 +108 +85 -30
 
(MW)
 

2. Peak Reduction -14.4 -17.4 -19.4 -21.0 -22.8 -24.6
 
due to A/C LM
 
Programs
 

3. Equivalent Gen- +19.0 +22.0 +26.0 + 27.0 +23.0 +32.0
 
erating Capacity
 
in MW
 

4. Modified Re- -35 -57 +113 +135 +108 + 2
 
serve (MW)
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Scenario #2 

Items 1981 152 1983 1984 1985 1986.
 

1. Base Case Reserve -54 -79 -32 -19 - 3 -29
 
(MW) 

2. Peak Reduction -14.4 -17.4 -19.4 -21.0 -22.8 -24.6
 
due to A/C LM
 
Programs
 

3. Equivalent Gen- +19.0 +22.0 +26.0 :-27.0 +23.0 +32.0 
erating Capacity
(MW) 

4. Modified Re- -35 -57 - 6 + 8 +20 + 3 
serve (MW) 

3. Energy conservation measures inthe commercial, residential, industrial
 

and agricultural sectors will be able to reduce energy sales by 11.5 per­

cent by 1986. The results are summarized inthe following table:
 

Short-Range Medium-Range
 
Programs Programs
 

1986
Items 1983 


1. Forecasted Sales (GWh) 1376 1737
 

2. Reduction in GWh -65.14 -201.19
 

3. Percent Reduction 4.7 11.5
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4. 	The daily load factor of the BNG system is as low as 75 percent in the
 

summer months, which indicates the opportunity of load-management programs.
 

A high daily load factor indicates fewer opportunities for load manage­

ment or demand reduction techniques.
 

5. 	The power factor in different load sectors are very poor and as low as
 

0.70 in some industrial loads. The installation of capacitor banks and a
 

power factor penalty in the rate schedule will have the following immediate
 

positive effects on the system:
 

a. 	Reduction in system losses,
 

b. 	Recover transmission and distribution capacity thus deferring of
 

capital expenditures for expansion in T & D system.
 

c. 	Improved voltage regulation.
 

6. The total savings resulting from tne power factor corrections to 0,95 in
 

different load sectors are as follows:
 

'81182* 82/83 83/84 84/85 64/85
 

1.71 	 2.46
US$ 	X 106 20.44 2.79 2.07 


The maximum savings of Power Factor (PF) correction will be realized in the
 

early years due to improvement of PF from 0.75 to 0.95 in the existing
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system. Inthe late 1980s, less savings will be realized due to high
 

overall system power factor
 

7. Inthe BNG service area, there are hundreds of self-generating facilities
 

which customers use as a backup capacity for electricity. The present
 

estimate indicates that the total installed capacity of the dispersed
 

self-generators is about 50 to 60 MW.
 

Interruptible rates can be designed to encourage the customers with self­

generators to disconnect during the peak hours or at emergencies. The
 

estimated immediate peak reduction for the study period is about 24. MW.
 

8. The rf owering of older conventional oil fired steam power plants consists
 

of "heir conversion into a combined cycle plant.by integrating one or
 

more combustion turbines. This allows an increased capacity and reduces
 

heat rates as compared with the existing inefficient plant. The repower­

ing potentials for the study period are as follows:
 

194 95 1986
1981 1982 1983 


-- +20 -- +15 +55 --Repowering Capacity of 

Combined Cycle
 

9. The Demand Subscription Service (DSS) program discussed inthis report
 

allows customers to subscribe a fixed level of kW demand. The DSS pro­

gram has the potential of reducing peak demand 5.0 to 7.7 MW during the 

study period.
 

http:plant.by
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10. 	 The industrial customers load shift program will affect the peak demand 

reduction only during the morning and afternoon peak hours. This pro­

gram will have very little effect on evening peak reduction. Nonethe­

less, during the morning peak hours the following demand reduction may
 

be accomplished by implementing an industrial load shift program:
 

Action1981 1982 1983 1984 1985 1986 

Morning Peak Reduction 
Due to Industrial Load 

-- -26.5 -30.1 -32.2 -35.0 -38.0 

Shift Program (MW) 

11. 	 Further demand management of the agricultural and water pumps during the 

system peak hours will reduce the peak demand for the study period. !lie 

system peak reduction due to irrigation and water pumps management are
 

as follows: 

1986
1981 1982 1983 1984 1985
Action 


Agricultural and Water -5.8 - 6.4 -7.0 -7.7 -8.5 -9.3 

Pumps Demand Management 

12. 	 The availability improvement for the existing power plants will 
also
 

system reserve requirements. Approximately,have significant effects on 

1 percent forced outage rate improvement results in a 1 percent reduc-

For the study period, the following permanent
tion in reserve margins. 


increase in the capacity and/or improvement inthe forced outage rate of
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existing BNG system generation facilities can be expected:
 

1981 1982 1983 1984 1985 1986
Action 


Availability Improve . - -7.0 -13.0 -14.0 -15.0 -17.0 
ment of Existing Power 
Plants 

13. 	 The removal of transmission and distribution (T& D) system 'bottle-necks'
 

will increase the generating capacity by 30 MW (10 MW at Rosieres and
 

20 MW at Kenana) and relieve the T & D system component loadings. It
 

has been concluded that the T & D expansion programs are desireable but
 

they are not achievable during the study oerlod due to financial and lead
 

time constraints.
 

14. 	 The BNG system requires high operating and planning reserve margins due
 

to large size of Rosieres units. For system reliability purposes, the
 

size of the largest unit in a system should not exceed more.than 10-15
 

percent of the system size.
 

15. 	 The results of all recommended programs for the short-range period are
 

summarized inTable A-i. Itshould be noted than inevaluating the sys­

tem Impacts of the individual program, the explicit inter-relationship
 

between the programs are not quantified. For example, the demand sub­

scription service program will have an effect on the magnitude of air
 

conditioning load management program or the industrial load shift program,
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etc. However, the results of Table A-i indicate that there are several
 

options available for the PEWC management to improve the operating sys­

tem's reliability significantly for the short-range period.
 



TABLE A-1
 

SUMMARY RESULTS OF ALL PROGRAMS FOR THE
 
SHORT-RANGE SYSTEM RELIABILITY IMPROVEMENT
 

BNG SERVICE AREA
 

Items 1981 1982 1983 1984 1985 1986 

I. PEAK REDUCTION PROGRAMS 

a. A/C Load Management 

b. Self-Generating Customers Peak 

c. Demand Subscription Service 

d. Off-Peak Water Pumping 

e. Industrial Load Shift Program 

-14.4 

-24 

- 5.0 

- 5.8 

--

-17.4 

-24 

- 5.45 

- 6.4 

-26.5 

-19.4 

-24 

- 5.9 

- 7.0 

-30.1 

-21.0 

-24 

- 6.5 

- 7.7 

-32,2 

-22.8 

-24 

- 7.1 

- 8.5 

-35.0 

-24.6 

-24 

- 7.7 

- 9.3 

-38.0 

2. SYSTEM CAPACITY IMPROVEMENT PROGRAMS 

a. Repowering Program 

b. Availability Improvement Program 

c. Transmission and Distribution System 

'Bottleneck' Removals 

--

--

...... 

+20 

+ 7.0 +13.0 

i15 

+14.0 

+30 

+55 

+15.0 

+30 

+17.0 

430 

3. ENERGY SAVINGS (GWH) 

a. Conservation Measures 

b. Power Factor Improvement 341 46.5 

-65.14 

28.4 

.....­

34.6 38.0 

201.19 
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B. RECOMENDATIONS 

The following recommendations should be considered for the short-range system
 

reliability improvement in the BNG service area:
 

1. 	Survey the marketplace to determine the engineering, economic, and demo­

graphic characteristics of different load sectors as a function of their
 

electric energy usage stratum.
 

2. 	For an extensive set of conservation strategies, for individual technolo­

gies and combinations thereof, evaluate the impact of each strategy upon
 

the total system load curve for each year of the study period.
 

3. Quantify the impact of each of the conservation strategies upon the elec­

tric utility's system reliability, and generation expansion planning; and
 

conduct a rigoro,,s cost-effectiveness evaluation of each conservation
 

strategy for the BNG system by using production cost and reliability
 

programs.
 

4. 	In considering the kW and kWh impacts in the resource plan, determine the
 

cost-effectiveness of commercial, business, and residential cycling of air
 

conditioners to the utility and also under alternative programs.
 

Alternative programs could be specified by identifying alternative pene­

tration rates and alternative cycling strategies (7.1F or 30 minutes over
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half hour for 4, 6, or 1O hours per day for 10, 20, or 50 days per year).
 

5. 	For air conditioner cycling, determine the cycling strategy that maximizes
 

the operating economics of the cycling program for the BNG system.
 

Operating economics would be achieved through:
 

a. 	Fuel savings
 

b. 	Spinning reserve reduction
 

c. 	Unit commitment reductions
 

d. 	Improved maintenance scheduling
 

6. 	Determine the relationship between time, frequency, and duration of a
 

service interruption and the cost savings to the utility of the inter­

ruption.
 

7. 	Evaluate the impacts on transmission and distribution systems of load
 

management and other demand reduction programs. 

8. 	Estimate the impacts on load duration curves, load levels, and capacity
 

planning of conservation, thermal storage, active/passive solar systems
 

and 	 time-of-day rates for the BNG system. 

9. 	 Estimate the interaction effects of various combinations of conservation, 

load management, and time-of-day policies. 
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10. 	 Estimate the effects on BNG load duration curves, load levels, capacity 

expansion plans, electric rates, and external financial requirements, 

of a modified base case, consisting of the best estimate penetrations of 

load control :.nd conservation programs. 

11. 	 Initiate a detailed energy audit program in the industrial, commercial
 

and residential sector to identify and quantify the opportunities
 

for energy savings inthe short-range and long-range periods.
 

12. 	 Initiate imediate testing and evaluation of load management programs
 

to determine the customer acceptance level.
 

13. 	 Utilization of all equipment with an inductive reactance load component
 

should have a power factor of not less than 95 percent lagging under
 

rated load conditions. Power factor corrective devices in:talled to
 

comply with this criterion should be switched with the utilization equip­

ment. Lower power factor causes greater losses in transmission and
 

distribution of electricity. Most public buildings, during the non-air
 

conditioning period, should have a power factor of at least 0.95, un­

less the power factor is reduce by reactive loads such as flourescent
 

lighting units and elevator motors. Where the loads of the building
 

are such that they create a power factor at the building service of
 

less than 0.95 lagging, capacitance corrective devices should be placed
 

at those loads or at the feeder to those loads to maintain 0.95.
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14. 	 Initiate a program to evaluate the repowering feasibility of existing old
 

plants inthe combined cycle mode to increase generation capacity and
 

to improve the overall efficiency of the repowered plant.
 

15. 	 The proposed Demand Subscription Service and interruptible rates for the
 

self-generating customers should be further investigated to evaluate
 

the cost-effectiveness of such tariffs.
 

16. 	 Develop bulk power system (generation and transmission) planning criteria
 

for the PEWC system as outlined inAppendix B of this report.
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1. INTRODUCTION
 

Demand of electric energy in the Blue Nile Grid (SHG) and Eastern Grid (EG)
 

regions of the Public Electricity and Water Corporation (PEWC) have risen
 

rapidly over the last decade in Sudan. Growth in the consumption of elec­

tric energy has been particularly dramatic, with capacity (MW) and energy
 

(GWh) demand increasing at an average rate of 9 and 13 percent respectively
 

per year since 1976. Economic expansion, driven by the rising living stan­

dards, and changing patterns of energy use have accounted for this growth
 

in electricity consumption.
 

The phenomenal growth of electric power requirements in the BNG and EG
 

regions has surpassed the ability of the PEWC system to meet the daily
 

peak demands at present. Because of delays and financial constraints, con­

struction of new generating plants has been universally impeded in Sudan so
 

that all implications point to a tight electric power supply situation in
 

the 1980s. Even with the immediatz start of planned new generation, it may
 

be impossible to bring these new facilities into service in time to fully
 

meet the load growth.
 

More importantly, because of impending fuel and spare parts shortages, it
 

may not be possible to operate all the existing generating units at the
 

rated capacity all the time, thereby culminating an energy shortage. Any­

thing that can be done to reduce the risk of an electrical energy shortage
 

or improvement of present operating system reliability through energy con­

servation, peak shaving, power factor improvement, and load deferrment will
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help to allevaite the danger of short-range capacity ana energy shortages.
 

Conservation and peak load management will have the most immediate effect
 

upon the existing fuel supply and plant capacity.
 

1.1 OBJECTIVE AND SCOPE OF THE REPORT
 

This report was prepared for the Ministry of Energy and Mines as one ele­

ment of the Energy Work Program. Itrepresents the first part of a
 

two-phase project to address the need for electric power in Sudan,
 

particularly inthe BNG service area.
 

The objective of this report isto estimate the immediate impacts of
 

different energy conservation and demand reduction programs for the
 

to 1986 which will improve tne day-to-day
short-range period 1981 


operating reliability of the PEWC system. The norgeneration energy tech­

as energy con­nologies include methods to reduce peak demand as well 


servation measures that allow more efficient and timely use of elec­

trical energy from the existing facilities.
 

1.2 DEMAND MANAGEMENT AND ENERGY CONSERVATION POTENTIALS
 

Energy conservation technologies may be defined as actions that can be
 

taken by electric consumers to either reduce the wasteful consumption
 

of energy or increase the efficiency of the overall generation and dis-


Inthis sense, the definition of conservation tech­tribution systen, 
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nologies encompasses the body of knowledge needed to being about re­

duction inor more efficient use of energy, electricity inparticular.
 

Demand management (or load management) i'defined as any action taken
 

by a utility to modify its daily load curve in a positive manner. It
 

may elect to do this either actively or passively. Active load manage­

ment isany act that controls the amount of energy a consumer can use,
 

and includes interruptible rates and control of customer loads through
 

various signaling and mechanical devices. Passive load management
 

gamut of concepts, from consumer education programs and general
covers a 


appeaks to time-differentiated rates and customer-owned and operated
 

load controllers.
 

The following load management and energy conservation technologies are
 

analyzed for the PEWC system to evaluate the effects on system operating
 

reliability for the short-range period.
 

1.3 DEMAND REDUCTION TECHNOLOGIES
 

1.3.1 DIRECT LOAD CYCLING OF AIR CONDITIONERS
 

The air conditioner load inthe residential and commercial sec­

tors of the PEWC system constitutes over 25 percent or 50 MW
 

of the peak demand. Therefore, the direct control or cycling
 

of air conditioning load has the potential for immediate peak
 

reduction of the PEWC system.
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1.3.2 POWER FACTOR IMPROVEMENT
 

Most utilities define poor reactive power, or low power factor,
 

as anything less than 0.9. In the PEWC system, the power factors
 

in different load sectors varies from 0.7 to 0.85. Primary ad­

vantages for power factor improvement programs are:
 

1. 	To reduce transmission and distribution losses (12R losses),
 

2. The recovering of system capacity resulting in deferring of
 

capital expenditure for expansion,
 

3. 	Releasing circuit capacity for applications of additional
 

load, and
 

4. 	Improved voltage reduction.
 

1.3.3 OFF-PEAK OPERATION OF WATER PUMPS
 

The total noncoincident demand for water pumping stations in 1980
 

was 58.0 MW. Part of the water pumping load can be shifted
 

from the peak hours (2 to 4 hours daily) to the off-peak hours
 

if appropriate water pressure is maintained by high elevation
 

watev reservoir tanks.
 

1.4 ENERGY CONSERVATION TECHNOLOGIES
 

Many specific techniques can be investigated to conserve energy in the
 

PEWC system. FrLm this plethora of opportunities, three general cate­
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gories emerge: efficiency of production, efficiency of product use,
 

and control of the rate of energy use. Each of these can be thought
 

of in the context of three broad classes of users - residential, com­

mercial and industrial.
 

In order to quantify the options for energy conservation, the follow­

ing specific load sectors were analyzed for the short-range period,
 

(1981-1986):
 

1. Commercial Sector
 

2. Residential Sector
 

3. Industrial Sector
 

4. Agricultural Sector
 

5. Miscellaneous
 

The data for energy conservation opportunities in the above sectors
 

were derived from the report provided by the PEWC staff and '1980
 

Power Survey Report'.
 

1.5 OTHER SYSTEM IMPROVEMENT PROGRAMS
 

1.5.1 AVAILABILITY IMPROVEMENT OF EXISTING UNITS
 

From time to time generating units are out of service for main­

tenance reasons. These scheduled and unscheduled (forced outages)
 

outages reduce productivity and available capacity to meet the
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dmenad. The purpose of this program is to determine the value of
 

certain benefits which result from a permanent increase in the
 

capability and/or imrpovement in the forced outage rate of the
 

existing PEWC generation facilities.
 

1.5.2 REMOVAL OF TRANSMISSION AND DISTRIBUTION 'BOTTLE-NECKS'
 

The increases in generating capacity made by the PEWC in the past
 

have not always been matched by required necessary increases in
 

the transmission and distribution system. One example, the
 

inadequate transmission circuit out of Rosieres and capacity
 

limitation of transformer. For the short-range period, sub­

stantial network capacity can be improved by eliminating T & D
 

systems "bottle-necks".
 

1.5.3 REPOWERING
 

Repowering consists of converting an existing conventional gas­

and oil-fired rceam boiler power plant into a combined cycle
 

plant by integrating one or more combustion turbines. This allows
 

an increase in capacity and reduced heat rate as compared with
 

the existing plant.
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1.5.4 INCENTIVES FOR SELF-GENERATING CUSTOMERS
 

The total self-generating capacity of the residential commercial
 

and light industrial customers in the BNG and EG service areas
 

in 1980 was over 20 percent of the PEWC system peak demand. An
 

incentive program can be developed based on the 'avoided cost'
 

concert for the customers with self-generating capacity to
 

disconnect from the main feeder during the peak hours. This will
 

release generating capacities to other customers and also will
 

relieve the transmission and distribution system component
 

loading.
 

1.5.5 SHIFTING OF INDUSTRIAL LOAD
 

One means of satisfying the need for additional generation capa­

bility is the development of a policy which supports a shifting
 

of peak power demands of individual industrial customers within
 

the daily load requirements. Such a demand shift would tend to
 

flatten out the daily load curve, thus postponing the need for
 

routine load shedding and increasing generation capacity.
 

1.5.6 DEMAND SUBSCRIPTION SERVICE
 

Demand Subscription Service (DSS) is a concept which will allow
 

the customer to choose the minimum level of service which will
 



21
 

satisfy his comfort needs during the critical system peak hours.
 

Inreturn, the customer will be copkoensated through the monthly
 

bill inaccordance with the level of service chosen.
 

Inthe following section, the capacity and energy savings for
 

each of the above items are quantified to evaluate the supply/
 

demand balance for the short-range period (1982-1986).
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2. SHORT-RANGE 

AND OUTLOOK DEMAND OUTLOOKSUPPLY 

2.1 EXISTING SUPPLY SYSTEM
 

The PEWC system has sixteen independent electricity supply systems which
 

supplied about 680 GWh of energy to about 182,000 customers in1978/79
 

The total 1981 in­with a historical maximum demand of about 165 MW. 


The Blue Nile Grid
stalled capacity of the PEWC system is 280 MW. 


(BNG) system produces about 90 percent of PREC's total energy and supplies
 

125,000 customers from Damazine near the border with Ethiopia to
 

The peak demand inthe BNG system in1978/79 was 137 MW.
Khartoum 


The location and size of the existing generating units are included
 

inTable 2.1.
 

2.2 POWER-III GENERATION EXPANSION PLAN
 

The operating reliability of the BNG system will be significantly im­

proved when the new generating facilities of the so called 
Power III
 

project are completed, The generation expansion program for the study
 

period (1981-1986) are as follows:
 

1. Burri Power Station Extension
 

- Installation of 4 X 10 MW (Total 40 MW) diesel units.
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TABLE 2.1
 

PEWC SYSTEM
 
BLUE NILE GRID
 

EXISTING GENERATING PLANT
 

Plant Year Name Plate Present Maximum 

Name Type Installed Rating (MW) Output (MW) 

Buri Diesel 1964 15 10 

Burri Diesel 1981 15 15
 

30 10
Burri Steam 1956 


15 13.5
Kilo X GT 1969 


Rosieres Hydro 1971-80 130* 120*
 

Sennar Hydro 1962 15 15
 

4
Wad Medani Diesel 1950-67 8 


.2 1.5
Other 


230 189
 

40* 20*
Kenana Steam 

Extension
 

270 209
TOTAL 


Please note that for both Rosieres and Kenana, maximum capacity equals rated
* 
capacity, but inadequate transmission and transformer capacility limit the
 

output of the generating units.
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2. Rosieres Extension
 

- - Set #5 and #6)and
Z stallation of 2 X 40 MW (Total 80 MW 


embedded parts of Set #7.
 

3. Khartoum North
 

- Phase I: Installation of 2 X 30 MW steam generating units.
 

InTable 2.2, the information related installation dates and planned
 

capacity expansion inthe BNG service area is included.
 

!.3 LOAD FORECASTS
 

Several techniques can be used to produce a forecast of future load for
 

tne BNG system. For example:
 

a. A "trend" estimated based on historical data. This may be either
 

reasoned derivation from it.
a continuation of an existing trend or a 


b. An estimate built up from estimates for various classes of consumers
 

which inturn are based on trends or long-tern targets set by go­

vernment agencies, e.g., aims for industry or for agriculture, or
 

the rate of new home construction.
 

c. An estimated based on national economic or development guidelines,
 

(e.g., estimated growth of Gross National Product, or similar
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TABLE 2.2
 

SHORT-RANGE CAPACITY EXPANSION PROGRAM
 

BNG-SYSTEM
 

Supply 
System 1981* 1982 

Year 
1983 1984 1985 

Hydro 

Steam 

145 MW 

70 MW 

1-40 MW 
June 

2-30 MW 
March 

1-40 MW 
April 

GT 

Diesel 

15 MW 

40 MW 1-10 MW 
December 

1-10 MW 
January 

1-10 MW 
February 

1-10 MW 
March 

TOTAL 270 MW 280 MW 400 MW 450 MW 

* Maximum output of the existing system is only 209 MW. 
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a
economic indicators, or a percentage development rate set in 


national plan). To employ this method, one must be able to relate
 

past electricity consumption to the indicator chosen.
 

the basis of an analysis of his-
PEWC develops its market forecast on 


torical trends and knowledge of major projects that will have an impact
 

The market forecast
 on electricity demand over the medium-term future. 


presented here is based on PEWC '1980 Development Plan Report'. His­

to 79/80 with growth
torical development of the power market from 70/71 


expressed in terms of peak demands can be characterized by three different
 

periods:
 

a. 1970/1973, when the growth rate averaged 10.3 percent per year;
 

b. 1973/1976, when the growth rate declined 5.3 percent in response 
to
 

increases in the real average price of electricity in Sudan; and
 

c. 1976/1980, when demand grew at an average rate of 11.0 percent per
 

year.
 

In Table 2.3, the peak demand and energy forecasts for the BNG system
 

are included for the short-range period. The average peak demand growth
 

rate is assumed to be 11 perient. The transmission and distribution
 

InTable 2.3,
losses are approximately 14 percent of gross generation. 


the system annual load factor is computed based on gross generation
 

rather than actual energy sales to different classes of customers.
 



TABLE 2.3
 

PEAK DEMAND AND ENERGY FORECASTS
 

BNG-SYSTEM
 

Gross 

Annual Energy Sales (GWh) System 
Loss 

Energy 
Generation 

Peak 
Demand Load 

Year Residential Industrial Agriculture Other Total (GWh) (GWh) (MW) Factor 

1039 198 60%

74 896 143 


80/81 285 321 216 


60%
1211 231
81 1044 167
269
81/82 314 380 


60%
1376 262
1186 190
301 89

82/83 343 453 


60%
1477 281
1273 204
324 98
83/84 367 484 


1600 304 60%
1379 221
353 108

84/85 390 528 


60%
1737 329
1496 241

573 383 117


85/86 423 


1980 Development Plan for Electricity, Technical Supplement 
(Public Electricity and Water Corporation;
 

Source: 
 -i.,Zu 1 RnnI Tahlp A-25. 



28
 

The 	monthly peak demand and energy sales for the study period are includ­

ed 	inTable 2.4. It should be noted from Table 2.4, that the BNG
 

system's peak demand historically occurs inthe summer months and the
 

average monthly load factors are about 70 percent.
 

The energy sales and peak demands of Table 2.4, are used in the succeed­

ing section to evaluate the impact of different conservation measures
 

and load management programs.
 

2.4 	 PLANNING CRITERIA
 

Determination of an adequate measure of reliability or service quality
 

difficult task because of the unavailability
for the BNG system isa 


of complete system data and the budget limitation of this report. It
 

seems that no single criterion of system reliability describes the
 

system's abaility to supply satisfactory service. The following planning
 

criteria for system reserve margin were used to determine the capacity
 

expansion requirements for future years.
 

a 	Installed capacity margin (installed capacity minus annual peak
 

demand) should be sufficient to allow the loss of the two largest
 

generating units (or the two largest system risks).
 

At present inthe BNG system, the hydro unit 4 (40 MW) at Rosieres
 

and steam unit at Kenana extension (40 MW) are the two largest
 



TABLE 2.4
 

MONTHLY CAPACITY AND ENERGY FORECASTS
 

BNG-SYSTEM
 

Year Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 

80/81 

mw 158 142 153 172 175 176 161 172 185 190 185 198 

GWh 78.7 70.6 72.9 88.1 82.1 84.0 83.0 80.8 93.7 98.5 98.1 106.5 

81/82 

MW 184 166 178 201 204 205 188 201 216 222 216 231 

GWh 91.7 82.3 84.9 102.6 95.7 97.9 97.6 95.2 110.2 114.8 114.3 124.1 

82/83 

mw 220 206 226 243 230 219 195 205 221 253 250 262 

GWh 114.2 99.6 108.3 124.8 107.5 104.3 101.3 96.2 111.9 131.5 132.6 136.1 

83/84 

MW 245 222 248 261 250 237 210 213 235 267 265 281 

GUh 122.9 110.9 117.7 133.9 117.1 112.9 109.3 103.8 118.9 138.8 140.7 146.9 

84/85 

MW 265 241 269 282 272 259 227 239 251 288 296 304 

GWh 132.3 120.4 127.7 144.6 127.5 124.2 115.0 112.4 127.3 149.5 152.4 160.1 

85/86 

MW 287 261 291 305 294 280 246 259 272 312 320 329 
GWh 144.2 131.2 139.2 157.6 138.9 135.4 125.4 122.5 138.7 162.9 166.1 174.5 
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system risks. However, the capacity of both of the above units
 

are derated due to transmission limitation (See Table 2.1). There­

fore, the two lirgest generating unit risks would be the loss of two
 

30 MW units at Rosieres. The single largest system risk isthe loss
 

of 200 kV circuit out of the Rosieres hydro plant to Khartoum.
 

b. A three percent installed reserve margin criterion in addition to
 

the two largest risks is used to cover the uncertainties due to
 

load forecast error, and slippage of service dates of new generating
 

units.
 

The above installed capacity margin criteria is based on the prin­

ciple that for the more common contingency outages there should
 

be no loss of system load, nor adverse effects on the system. This
 

criteria recognizes the necessity for load shedding for those outage
 

contingencies that are credible but of such low probability that
 

it isnot feasible to protect the system against the loss of load.
 

The event "loss of two largest units" may be encountered when one
 

for­unit ison scheduled maintenance and the other unit suffers a 


ced outage.
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2.5 GENERATION EXPANSION PLANS
 

The planning for generating facilities iscomplex, and major invest­

ment decisions must be made years inadvance. Figure 2.1 and Table
 

2.5, indicate the present generating capacity expansion plans for the
 

study period. InFigure 2.1, the steps inthe dependable installed
 

capacity curve indicate the addition of new generating units to the
 

The "Reserve Margin Criteria" curve indicates the installed
system. 


capacity margin requirements for system reliability purposes each
 

year. Itis important to note from Figure 2.1, that the adopted reserve
 

margin criteria will be violated in 1982, part of 1983, and every
 

After the installation of
month after mid-1985 for the study period. 


there will
Rosieres units #5 and #6 and 3-10 R diesel units at Burri, 


be adequate capacity available from mid-1983 through the end of 1985
 

to satisfy the peak demands. However, inthe near-term, 1981, 1982,
 

and 1983 during peak months, there will be severe capacity shortages
 

The BNG system will be required
without any load management programs. 


rotating blackout program.
to implement a regular load shedding or a 


The capacity shortages in 1985 and 1986 can be alleviated by installing
 

new deisel or gas turbine units after 1984.
 

Table 2.6 and Figure 2.2, show critical capacity and energy shortage
 

may occur inthe BNG system throughout the study period ifthere is a
 

From
slippage of installation dates of Rosieres #5 and #6 units. 


Figure 2.2, it should be noted that the reserve margin criteria for
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TABLE 2.5
 

GENERATING CAPACITY EXPANSION AND
 

Items 


1. Peak Demand (M4W) 


2. 	Capacity Expansion in lW 


MW
in
3. Dependable Installed Capacity 


4. Installed Reserve Margin in 14W 


5. Reserve Maryin in Percent 


6. Required Reserve Margin to Meet 

the Planning Criteria in
 

Percent
 

7. Capacity Shortage (1W) 


8. System 	ROR 


LOAD DATA
 

BASE CASE SCENARIO 11 


1984 


281 


+ 40 


389 


108 


38.4 


31.0 


15 


1985 


304 


389 


85 


28.0 


29.0 


- 3 


15 


1986
 

329
 

389
 

60
 

18.2
 

27.0
 

-30
 

15
 

1981 


198 


209 


11 


5.5 


33.0 


- 54 


15 


1982 


231 


+ 10 


219 


- 12 


- 5.2 


29.0 


- 79 


15 


(AS PLANNED)
 

1983 


262 


-130 


349 


87 


33.2 


30.0 


15 
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this basecase scenario will be violated every year during the 1981-1986
 

time period. Even in 1983 and 1984 during peak months, for any single
 

contingency of 30 MW units or 40 MW units, the BNG system will be
 

required to implement a routine load shedding or a rotating blackout
 

program.
 

From Table 2.5 and 2,6, it should be noted that the cumulative capacity
 

addition in the BNG system for the study period 1981-1986 is 180 MW,
 

The peak demand growth is also 180 MW (209 - 389 = 180 MW) for the Atudy
 

period. The peak demand and generation expansion plans up to 1986
 

were taken from the '1980 Development Plan for Electricity Report'
 

of PEWC. Also in Table 2.5 and 2.6, the BNG system's generating units
 

random outage rate (ROR) values for the study period are included.
 

The system ROR values indicate for the given generating units mix
 

on the average what percent of the system's installed capacity will
 

be on forced outage. Therefore, the net generating capacity before
 

any scheduled maintenance is given by:
 

=ns alled) System 

Net Generating Capacity (Castacity X ROR Value
Capact COSyste
 
For example, Table 2.5 shows that in 1984 the net generating capacity
 

available before scheduled outage will be approximately 330.6 MW
 

(389 MW X 0.85 = 330.6 MW). 



TABLE 2.6
 

GENERATING CAPACITY EXPANSION AND
 
LOAD DATA
 

BASE CASE SCENARIO #2
 
(Six Months or One Year Slippage of Ilydro Units #5 and #6)
 

Items 1981 1982 1983 1984 1985 1986 

1. Peak Demand 198 231 262 281 304 329 

2. Capacity Expansion in MIW -- + 10 + 90 + 40 + 40 -­

3. Dependable Installed Capacity 209 219 309 349 389 389 
in MW 

4. Installed Reserve Margin in iW 11 - 12 47 68 85 60 

5. Reserve Margin in Percent 5.5 - 5.2 18.0 24.0 28.0 18.2 

6. Required Reserve Margin to Meet 33.0 29.0 30.0 31.0 29.0 27.0 
the Planning Criteria in 
Percent 

7. Capacity Shortage in MW - 54 - 79 - 32 - 19 - 3 - 29 

8. System ROR 15 15 15 15 15 15 
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BNG SYSTEM LOAD CHARArTERISTICS
 

an hourly, daily, and seasonal
 The demand for electricity fluctuates on 


For load management and conservation programs 
studies, it is
 

basis. 


important to analyze the daily and seasonal 
characteristics of system
 

(b), illustrate the
 
load curves. Figures 2.3 (a), (b), (c)and 2.4 (a), 


The
 
typical peak day load profiles for the months 

of April and May. 


daily load characteristics of 1979, 1980, 
and 1981 indicate that the
 

BNG system peak demand hours have been shifted 
from the morning to
 

evening hours. The primary reason for this shift may be 
due to in­

creasing electrification of houses and 
growing air conditioning loads
 

In the BNG system, April, May,
 
in the existing resiuential customers. 


June, July and August months are considered 
to be summer months
 

when maximum demand occurs.
 

The opportunities for demand reduction 
programs can be easily evaluated
 

A low daily load
 
for the characteriwtics of the daily load 

profiles. 


factor value indicates needle peaking 
characteristics. Usually any
 

daily load factor value under 85 percent 
indicates the opportunities
 

InTable 2.7, the peak day load factors
 for load management programs. 


for summer months (April, May, June, 
July, August, and September) for
 

From Table 2.7, it should be noted that
 
1979 and 1980 are included. 


the average peak day load factor of 
the BNG system is approximately
 

Also, the other interesting point to 
note is that the
 

78 percent. 


1980 summer months average daily load 
factor is lower than the 1979
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TABLE 2.7 

SUMMER MONTHS PEAK DAY LOAD FACTORS 

Month 1979 1980 

April 0.79 0.77 

May 0.76 0.76 

June 0.80 0.76 

July 0.78 0.78 

August 0.79 0.76 

September 0.78 0.72 

Average 0.783 0.760 
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months average daily load factor. This indicates the growth
summer 

of air conditioning load and needle-point characteristics.
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3. 	 DIRECT LOAD MANAGEMENT ADOPTION 

SCENARIO AND SYSTEM LOAD IMPACTS 

This section describes the development of estimates of the BNG system load 

impacts from the direct load management program. Specifically, the direct
 

cycling of air conditioning loads during the peak hours are considered.
 

Through load management, the patterns of electric energy supply and use can
 

be modified to improve the production and delivery of electric energy in
 

the BNG service area.
 

Load 	management is often divided into "use management" and "supply management".
 

Use management is the direct and voluntary control of selected loads of the
 

end-use customers. Supply management, on the other hand, concentrates on
 

increased coordination of the planning and operating needs of utilities to
 

insure the availability of capacity. Use management can be accomplished
 

through four primary functions:
 

a. 	Price control through rate structure,
 

b. 	Voluntary load management by customers,
 

c. 	Customer storage devices, and
 

d. 	Direct mechanical control.
 

This section deals exclusively with the mechanical control of air conditioning
 

loads in the BNG system.
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3.1 AIR CONDITIONING LOADS
 

The source of data used in this section to determine the maximum con­

tribution of air conditioning load at peak hours is derived from the
 

total number of air conditioners sold in Sudan during 1976-1980 period
 

by major manufacturers. In Table 3.1, the estimated number of air
 

The number of air
conditioners in the BNG service area is included. 


are the actual
conditioners sold in Sudan during 1976-1978, inTable 3.1, 


figures provided by the Ministry of Energy and Mining (MEM) staff.
 

The number of air conditioners sold during 1979-1981 are the estimated
 

figures derived from previous years manufacturing and sale trends.
 

However, the MEM staff's recommended an estimate of at least 10 percent
 

to 20 percent more air conditioners in determining the actual contri­

bution of the total air conditioning load. The primary reason for
 

this is to account for the approximate number of imported air conditioners
 

from the neighboring countries.
 

It has been assumed that approximately 80 percent of the total number
 

of air conditioners are in the BNG service area. Therefore, the total
 

available air conditioners for cycling during the summer months would
 

be about 34214. It should be noted that the air conditioning loads in
 

the business and commercial sectors are not available for cycling
 

during the evening peak hours. Approximately 70 percent of the total
 

air conditioning load in the BNG service area is assumed available for
 

cycling during the evening peak hours. During the morning peak hours,
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TABLE 3.1
 

TOTAL NUMBER OF AIR CONDITIONERS
 
SOLD IN SUDAN
 

Source 1976 1977 1978 1979 1980 1981 TOTAL 

Manufactured in 4085 4828 5719 8017 9460 38880 

Sudan 

802 946 3888
Imported 408 483 572 677 


42768
 
TOTAL 


TABLE 3.2
 

APPROXIMATE NUMBER OF AIR CONDITIONERS
 
AND AVAILABLE LOAD FOR CYCLING
 

(Based on 1981 Estimate)
 

Items Morning Hours Evening Hours
 

23950
Number of air conditioners 17107 


Air conditioning load inMW 34.0 48.0
 

Assumption :
 

a. Average size of air conditioner is assumed to be 2.5 kW rating.
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approximately 50 percent of the total number of air conditioners are
 

assumed to be cycled.
 

In-Table 3.2, for available air conditioning load for direct control
 

or cycling is computed using the following formula:
 

Available Air Utilization Number of Air Average kW rating of
 
2Conditioning Factor X Conditioners an Air Conditioner
 

Load (kW)
 

In Table 3.2, a utilization factor of 0.8 is assumed to account for air
 

use or out of service. Also, the number of air
conditioners not in 


conditioners based on average unit size of 2.5 kW are included in Table
 

3.2 which will be available for cycling during morning and evening peak
 

is 198 MW for the BNG system.
hours. The projected peak demand for 1981 


Therefore, the air conditioning loads in the morning and evening hours
 

are approximately 34.0 and 48.0 percent, respectively.
 

3.2 SYSTEM LOAD IMPACTS
 

In Sudan, no load research and demonstration effort has been expended
 

to date on air conditioning load control. However, some data are avail­

able in the United States which can be used to estimate load impacts
 

of controlling air conditioners.
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An air conditioner is not really a deferrable load in the sense that
 

it cannot be cycled off for any length of time beyond its own natural
 

off-cycle time without some resultant degradation of comfort levels
 

The standard method of remote air conditioner cycling
within the home. 


involves the shut off of the compressor via the interruption of low
 

Typically
voltage control lines for some fixed period of time each hour. 


this period is 7h minutes each half-hour which translates to 15 minutes
 

each hour. It is theorized that such a forced cycling scenario will
 

result in reduction of the normal on-time of the air conditione,'s com­

pressor thereby resulting in a lower integrated demand for the unit.
 

It is from the lowering of the integrated demands of the air conditioners
 

on the utility's system that the desired reduction of demand is realized.
 

The limiting of these cycling times results in degradation of comfort
 

levels within the home in direct proportion to the amount of load relief
 

For example, assume that a particular air conditioners with
obtained. 


a connected load of 4 kW is sized such that it is operating at 100
 

percent capacity during the entire period in which the utility wishes
 

to exercise control. At this time the unit's integrated demand is es-


If the utility cuts its natural on-cycle
sentially its connected load. 


(60 minutes per hour) by 25 percent to 15 minues per hour, then its
 

integrated demand over that hour will essentially be reduced from 4 kW
 

The result of this
to 3 kW or a resultant 1 kW reduction in demand. 


demand reduction in terms of comfort levels of the home would mean a
 

outdoor temperature of
rise of approximately 2.8*C (5*F), assuming an 


32*C (90F) and a normal indoor temperature setting of 21*C (70*F).
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If this change in temperature represents the maximum level which the
 

customer is willing to tolerate, based on his attitude toward the utility
 

and/or financial incentive offered to him, then this cycling scenario
 

represents the maximum level or optimum level of acceptable control and
 

load relief. If on the other hand, this temperature change exceeds
 

the maximum tolerable level, then the customer is being overcontrolled.
 

If this change is less than the maximum tolerable level, then the cus­

tomer is being undercontrolled.
 

Due to expected systemwide variation in customer tolerance levels and
 

air conditioner sizing, any program which relied on control via fixed
 

time cycling could be expected to produce some mix of over, under and
 

optimum control among customers. In order to minimize customer com­

plaints and withdrawls, itmay be necessary for a utility to utilize
 

a more conservative cycling scenario which produces less than optimal
 

demand reduction.
 

Table 3.3 lists five electric utilities in the United States, each with
 

air conditioning cycling control projects along with reported or desired
 

coincident diversified demand reduction obtained per point of control.
 

The averge of the coincident demand reduction potential shown in Table 3.3
 

is approximately 1.1 kW per point of control Although it is not possible
 

to identify hn air conditioner control demand reduction potential
 

figure that would be applicable to BNG service area, however, a 0.75 kW
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TABLE 3.3
 

AVERAGE COINCIDENT DIVERSIFIED
 

DEMAND REDUCTION PER AIR CONDITIONER
 

Reference: 	 Survey of Utility Load Management and
 
Energy Generation Projects
 
EPRI Report EM-1606
 
TPS 78-8-7, November 1980
 

Demand (kw)
 

Reduction
Utility 


0.5 - 1.5
Arizuna Public Service Co. 


1.3
Cobb EMC 


Pacific Gas and Electric Co. 0.25 - 1.15
 

Mississippi Power and Light 1.0
 

1.4
Lubebee River 




53
 

240 CURTAILMENT JUNE : 1982 PEAK DAY LOAD PROFILE 

210 BEFORE CYCLING 

~150 

z 

0120 

w 

PRE-COOLING 

AFTER CYCLING 

30 

1N 6 9 12 R1 15 18 

TIME OF DAY 

FIGURE 3.1 

EFFECTS OF AIR CONDITIONER LOAD CYCLING 
OR DIRECT LOAD CONTROL 

.Previous Page Bknxl 

21 24 



54
 

,0JUNE
: 1986 PEAK DAY LOAD PROFILE
 

32o CURTAILMENT 

20, BEFORE CYCLING 

24O 

zzPRE-COOLING 
<160 

w 
120
 

AFTER CYCLING 

0 

1PM 3 6 9 12R1 15 13 21 

TIME OF DAY 

FIGURE 3.2 

EFFECTS OF AIR CONDITIONER LOAD CYCLING
 
OR DIRECT LOAD CONTROL
 



55 

TABLE 3.4 

PEAK REDUCTION DUE TO DIRECT 
CONTROL OF A/C LOAD INTHE BNG SYSTEM 

Total A/C Loads 

Morning Possible Peak Evening Possible Peak 
Year Hours Reduction Hours Reduction 

1981 34 10.2 48 14.4 

1982 37 11.1 58 17.4 

1983 42 12.6 65 19.4 

1984 45 13.5 70 21.0 

1985 49 14.7 76 22.8 

1986 53 15.9 82 24.6 
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day in the month of June 1982 and 1986. The load profile used in develop­

ing Figures 3.1 and 3.2 is the peak day profile of June 1980.
 

IMPACTS OF GENERATION EXPANSION REQUIREMENTS
 

The impacts of direct air conditioners cycling load control during the
 

peak hours on generating capacity requirement are summarized in Table
 

3.5 and 3.6, From Table 3.6, it can be observed that even though the
 

modified peak demand for 1986 have been reduced by 24.6 MW, the generation
 

expansion requirements by 1986 has been reduced by 32 1W. (See Table
 

2.5.) The required generating capacity inTable 2.5 is 419 MW (389 MW +
 

30 MW) to satisfy the reserve margin criteria and the required capacity
 

in Table 3.5 is only 387 M4 for the same reliability criteria. There­

fore, it may be concluded that a peak reduction of 24.6 MW is equivalent
 

to 32 MW of installed capacity ifsame level of reliability is main­

tained on the BNG system. InTable 3.6, the equivalent generating capa­

city reduction for the study period is included. Table 3.7 summarizes
 

the potential capacity shortage reductions due to load management programs
 

for the two basecase scenarios. From Table 3.7, it should be noted
 

that the serious capacity shortages in Scenario #2 for the slippage of
 

Rosieres hydro units in 1983 and 1984 has been reduced significantly
 

by air conditioning load management programs. Figures 3.3 and 3.4
 

illustrate the results of Table 3.5, 3.6, and 3.7 graphically.
 

It is important to note from Table 3.7, that the potential capacity
 



Year 


1981 


1982 


1983 


1984 


1985 


1986 


Peak 

Demand 

(MW) 


198 


231 


262 


281 


304 


329 


Peak Reduction 

Due to A/C 


Load Management 

(MW) 


-14.4 


-17.4 


-19.4 


-21.0 


-22.8 


-24.6 


TABLE 3.5
 

IMPACTS OF A/C LOAD MANAGEMENT
 
ON GENERATION EXPANSION REQUIREMENT
 

1981-1986
 

Modified 

System 


Peak Demand 

(MW) 


183.6 


213.6 


242.6 


260.0 


281.2 


304.4 


Reserve 

Margin 


Criteria 

() 


33 


29 


30 


31 


29 


27 


Installed
 
Capacity
 

Requirement
 
(MW)
 

244
 

276
 

315
 

341
 

363
 

387
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TABLE 3.6 

EFFECTS OF A/C LOAD MANAGEMENT 
ON POTENTIAL GENERATING CAPACITY REDUCTION 

Year 

Peak Reduction Due to 
A/C Load Management 

(MW) 

Equivalent Generating 
Capacity Reduction 

(MW) 

1981 

1982 

1983 

1984 

1985 

1986 

-14.4 

-17.4 

-19.4 

-21.0 

-22.8 

-24.6 

19.0 

22.0 

26.0 

27.0 

23.0 

32.0 



TABLE 3.7
 

EFFECTS OF A/C LOAD MANAGEMENT
 
ON POTENTIAL CAPACITY SIHORTAGE REDUCTION
 

Effects on Reserve Capacity
With A/C Load Management 

Base Case Scenario #2
Base Case Scenario 01
Installed Capacity (MW) 


Without With
Without With
Year Requirements 
 Lt Lt LM LM 

to 

-54.0 -35.2
-54.0 -35.2
244
1981 

-56.5
-79.0 -56.5 -70.0
276
1982 

+ 6.4
+ 8.4 +33.6 -32.0315 


-19.0 + 8.4
 
1983 


+20.9 +48.4
341
1984 


1985 - 3.0 +26.2 - 3.0 +26.2
363 


-29.0 + 3.0
- 3.0 + 3.0
387
1986 


In calculating the reserve capacity with load management, the reserve margin criteria 
of Table 2.5
 

Note: 

and 2.6 are used.
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shortages can be eliminated in1983, 1984, 1985,1986 and the magnitude
 

of capacity shortages are reduced significantly in 1981 and 1982. Also,
 

it should be noted that the installed capacity in 1982 will go up by
 

10 MW only in December. Therefore, there is a great potential for
 

capacity shortage during the summer months in1982. The direct control
 

or cycling of air conditioning loads during peak hours will reduce the
 

frequency and likelihood of load shedding or of rotating blackouts
 

in 1982.
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4. FINANCIAL INCENTIVES OF POWER 

FACTOR IMPROVEMENT 

1. GENERAL BACKGROUND
 

Power factor isthe ratio of the product of voltage and current where
 

they coincide to the product of the maximum instantaneous values of
 

voltage and current.
 

power factor - Working Power (kW)
 

Total Kilowatt Ampere (kVA)
 

Usually electric utilities require a power factor of 0.9 or better,
 

indicating that something should be done to increase the power factor.
 

InPEWC system, the power factor indifferent load sectors varies be­

tween 0.7 and 0.85 during the day. The primary reasons for improving
 

power factor inthe different load sectors are:
 

a. To reduce system losses,
 

b. To imrpove voltage regulations, and
 

c. To improve system network capacity, thus deferring capital expen­

diture for expansion.
 

Alternatine current (AC) circuit loads, ingeneral exhibit inductive
 

as well as resistive ipedence characteristics. The inductive reac­

tance inan AC circuit requires an additional quadrature current com­
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ponent and a reactive power, which is a measure of the energy stored
 

in the magnetic field associated with the inductance. The additional
 

current flows also through the network system, producing additional
 

reducing the overall efficiency of
voltage drops in the lines and 


transmission. Furthermore, the energy stored in the magnetic field
 

during each half-cycle and returned to the source unused must be provided
 

by the manufacturer and distributor of electrical energy, and since
 

the utility has the additional burden of providing the equipment neces­

sary to generate and distribute this additionil energy, although it is
 

only borrowed temporarily, the utility needs to be compensated. Hence,
 

energy that oscillates between the source and the circuit must be kept
 

track of and accounted for in the distribution of AC energy. The elec­

tric utilities include in their rate schedules bonus and penalty pro­

visions to finance equitable and various amounts of these services re­

quired by different consumers. At present a low power factor penalty
 

is not included in the PEWC rate schedule.
 

4.2 BENEFITS OF POWER FACTOR IMPROVEMENT
 

A power factor improvement program is appropriate for any firm that pur­

chases electricity on a large commercial or industrial power rate, or
 

one that maintains one or more of its own electric substations. Specifi­

cally, some power factor improvement is worthwhile if electricity use is
 

characterized by any of the following:
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a. Power demand isrecorded in kVA,
 

b. A kVAR, or powe, factor, penalty clause ispart of the electricity
 

rate,
 

c. Preslent capacity limits growth, and
 

d. The consumer experiences low voltage or regulation of same.
 

Power factor improvement will save money ineach of the situations listed
 

above because itwill reduce purchased power cost ifelectricity is brought
 

kVA demand rate, itwill improve voltage regulation and ease any
on a 


low voltage problems, and itwill increase the power-carrying capabilities
 

of transformers and feeders. Significantly, power factor improvements
 

inthese areas will release locked up capacity and increase the efficiency
 

with which the copper and aluminum in the electric system are used.
 

Capacitors should be installed as near the load as possible or near the
 

ends of feeders for three main reasons.
 

a. Losses are reduced inthe circuits between the loads and the meter­

ing point,
 

b. Voltage israised near the loads, giving better motor performance,
 

c. Capacitors kVAR can be reduced automatically as the load drops off
 

by installing some of the capacitors directly on loads so they are
 

switched off at the loads.
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The first point can be evaluated easily by investigating the length of
 

the circuits, and the transformations, if any. Whatever gains are found
 

in released transformer capacity and reduction in losses in transfor-


Also, the effect of the .pacitor
mers and circuits are added gains. 


con­is to raise the voltage permanently at any given point where itis 


nected. This voltage boost, superimposed on the normal voltage is prac­

tically constant from no load to full load on the feeder.
 

4.3 EFFECTS OF POWER FACTOR IMPROVEMENT ON THE PEWC SYSTEM
 

InTable 4.1, the estimated present power factor of different load sectors
 

and projected energy sales are included. The financial savings due to
 

improved power factor can be calculated as follows:
 

For example, ths commercial sector consumed about 76.88 million kWh in
 

power factor of
1980/81 at an average of 6 cents per kWh and has a 


sav­
0.75. If this sector's power factor is improved to 0.95, the total 


ings per year would be:
 

kWh sales/ ear kWh sales/vear,]PFFJ kWh rate
 Present PFPE )- Improved 

76.88 X 106 xuU.S.$ 0.0676.88 X 106 - o. 95 $00= ". 75 

U.S.$ (102.5 - 80.92) X 106 X 0.06 

1.3 X 106U.;. 



TABLE 4.1 

FORECASTED ENERGY CONSUMPTION BY 
LOAD SECTORS 

BNG SYSTEM 

Load Sectors 80/81 81/82 82183 83/84 84/85 85/86 Assuned 
Power Factor 

1. Domestic 399.0 465.02 528.4 567.17 614.4 672.58 0.80 

2. Comercial 76.88 89.61 101.82 109.30 118.4 127.94 0.80 

3. Heavy Industrial 432.2 503.78 273.41 614.43 665.6 719.26 0.70 

4. Agricultural 78.96 92.03 104.57 112.25 121.6 131.40 0.75 

5. Others 51.95 60.55 68.8 73.85 80.0 86.45 0.75 

TOTAL 1039 1211 1376 1477 1600 1729 
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TABLE 4.2
 

ENERGY SAVINGS DUE TO IMPROVED
 
POWER FACTORS
 

Present Potential Energy (GWh) Savings
 
Load Estimated Improved
 

Sectors P. F. P.F. 81/82 82/83 83/84 84/85 85/86
 

1. Domestic 0.80 0.95 91.7 12.5 7.6 9.3 11.5
 

2. Commercial 0.80 	 17.7 2.4 1.5 1.8 1.8
 

3. 	Heavy 0.70 189.4 25.8 15.8 19.2 20.2
 
Industrial
 

4. Agricultural 0.75 	 25.3 3.5 2.1 2.6 2.7
 

5. Others 0.75 	 16.9 *2.3 1.4 1.7 1.8
 

TOTAL ENERGY SAVINGS 	 341 46.5 28.4 34.6 38.0
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TABLE 4.3 

ESTIMATED SAVINGS DUE TO IMPROVED POWER FACTORS 

Load Sectors 
Potential Savings USS X 106 

81/82 82/83 83/84 84/85 85/86 

1. Domestic 5.5 0.75 0.46 0.56 0.69 

2. Commercial 1.06 0.14 0.09 0.11 0.11 

3. Heavy Industrial 11.36 1.55 0.95 1.15 1.21 

4. Agricultural 1.52 0.21 0.13 0.15 0.16 

5. Others 1.0 0.14 0.08 0.10 0.29 

TOTAL SAVINGS 20.44 2.79 1.71 2.07 2.46 

CUMULATIVE SAVINGS 20.44 23.23 24.94 27.01 29.47 
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In Table 4.2, the estimated energy savings due to improved power factor
 

1985/86.
to 0.95 are calculated for 1981/82, 1982/83, 1983/84, 1984/85 and 


The corresponding financial savings are given in Table 4.3 for the study
 

period.
 

AN EXAMPLE OF COSTS AND SAVINGS DUE TO IMPROVED P.F.
 

The costs and savings due to P.F. correction was discussed in a tech­

nical paper by Mr. Roger Thorpe at the first Caribbean Electric Utilities
 

The following example
Conference held in Barbados (May 27-29, 1981). 


has been taken from the paper by Mr. Thorpe.
 

Total capacitance of a 5.5 MVAR was applied to a substation (10/13 MVA,
 

It has been
24/11 kV transformer) to raise the P.F. from 0.72 to 0.866. 


estimated that ignoring revenue gained due to irprovements in the voltage
 

savings per year is about US$ 140,127.0. The average
condition, the total 


cost of capacitor installation per KVAR is US $ 14. Therefore, the total
 

= USS 38,500. The
cost of P.F. correction was 0.866 is US$ 14 X 5500 


results of improved P.F. is summarized inTable 4.4. It is quite evi­

dent that the savings due to P.F. correction far outweigh the initial
 

capital expenditure.
 

4.5 EFFECTS OF POWER FACTOR ON KVA DEMAND
 

The most practical and economical method of power factor improvement
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TABLE 4.4
 

A CASE STUDY OF POWER FACTOR IMPROVEMENT PROGRAM
 

Items Before After 
P.F. = 0.72 P.F. - 0.866 

1. Losses 1.24 1W 0.72 MW 

2. Voltage Regulation 9.92 kV 10.30 kV 

3. Recovery of System 
Capacity 

a. 24 kV line loading 
= 18.33 MVA 

a. 24 kV line loading 
= 13.86 

b. Feeder loading b. Feeder loading 
= 3.66 MVA - 2.83 MVA 
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involves the use of capacitors. Generally, utilities use either of two
 

methods for improving power factor with capacitors. 
The first method
 

is bank installation, inwhich a group of capacitors 
is connected at a
 

central point such as the main substation. In most cases, this method
 

utility corpany. However, it is
 
only reduces the penalty charges of a 


sligitly less expensive than the alternate method which 
involves in­

stallation of individual capacitors directly at the 
source of poor
 

Although more expen­
power factor - at an induction motor, for example. 


sive, this method has all the benefits of the group 
installation plus
 

the advantages of released system capacity, improved 
voltage regulation,
 

and reduced power loss.
 

Com-

The following example demonstrates the effect 

of low power factor. 


safe startup condition.
 
panies often use oversized fan motors to ensure 

a 


fan that requires 67 brake horsepower (bhp), the company

Hence, for a 


The power
 
uses a 100 hp induction motor to provide power 

during startup. 


factor of the 100 hp motor at 67 bhp is 0.79; the resulting kVA is:
 

67 bhp X 0.746 kW/bho = 63.27 kVA 
0.79
 

Had the design elected to use a 75 hp induction 
motor, the power factor
 

For this condition,

at 67 bhp would have been higher - about 0.83. 


resulting kVA would have been:
 

67 bhp X 0.76 60.22 kVA

0.83'­
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This is 3.05 kVA lower than the 100 ho motor. If motor efficiency were
 

taken into account, the 75 horsepower motor would probably run at high­

er efficiency, thus widening the gap.
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5. 	 SYSTEM IMPACTS OF ENERGY 
CONSERVATION MEASURES 

In commercial and modern residential (upper income class) buildings more
 

than 80 percent of the electrical energy is consumed by air conditioners and
 

lighting. Reducing energy in all buildings by 10-20 percent without impair­

ing the environment, the equivalent of cutting present oil imports by 5-10
 

percent during the study period is a realistic possibility for Sudan. Most
 

buildings now in use in Sudan were designed and constructed when fuels and
 

electric power were readily available ?nd inexpensive and the need for energy
 

The 	structures and their mechanical and
conservation was not recognized. 


electrical systems were designed to minimize initial construction costs,
 

not energy usage. Generally, buildings are overcooled, overlighted, over­

ventilated year-round, and inefficiently operated. Each year they consume
 

increasing amounts of energy because systems and building components de­

teriorate as maintenance and service become more costly and neglected.
 

5.1 CONSERVATION PRIORITIES
 

In Sudan, the system that consume the most energy in order of magnitude
 

are (1)lighting, (2)air conditioning and ventilating, and (3)equip­

ment and process. However, the relative order of magnitude of energy
 

use ;iong the three systems will change depending on building con­

and efficiency
struction; use and mode of operation; and type of control, 


of mechanical and electrical equipment.
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In residential sectors the amount of energy required for air conditioning
 

generally ranges from 40-50 percent of total energy used at a facility.
 

However, it can be more significant in some facilities, such as hos­

pitals. In retail stores, with high levels of general illumination and
 

display lighting or a large number of commercial refrigeration units,
 

electricity consumes the greatest amount of energy. The equipment and
 

processes systems, include motors, compressors, and pumps primarily
 

in the industrial sector.
 

5.2 QUANTIFICATION OF ENERGY CONSERVATION MEASURES
 

Table 5.1 through 5.5, the energy conservation measures for the short­

range and medium-range periods are quantified for different load sectors
 

in the BNG system. The energy conservation measures in the short-range
 

period (by 1983). include those technologies which are proven to be
 

cost-effective in the United States and that can be implemented immediate.
 

ly. The medium conservation measures include technologies which are
 

known to be energy efficient but will require 3 to 5 years to implement.
 

For example, the window air conditioners which are extensively used
 

in the residential sector, can be replaced by more efficient central air
 

conditioning systems. In developing Tables 5.1 through 5.5, it has been
 

assumed that any conservation measures which will require redesign or
 

replacement of existing equipment will only occur after the wear-out
 

period of that piece of equipment, i.e., in the medium and long-range
 

periods.
 



TABLE 5.1
 

Electricity Conservation Potential by Load Sector
 

and 	End-Use
 

Load Sector: Conercial Sectors
 

S: SIIORT-RANGE M: MEDIUM-RANGE
 

Conservation Total Energy Sales Short-Range Medium-Range
 
Measures (GWh) Reduction in % Reduction in GWh Reduction in GWh
 

1983 1986 S H
 

Air Conditioning
 
Loads (47%) 47.86 60.13
 

2.87
1. 	Reduce Infiltration 6 

2. 	Clean Coil & Filter 3 1.44
 
3. 	Replace with Central A/C
 
4. 	Reduce hours of use 10 4.78
 
5. 	Increase temp to 780 5 2.39
 

Lighting Loads (48%) 48.87 61.41
 

1. 	Switch to more 5 2.44
 
efficient lights
 

2. 	Energy Efficient 8 3.91
 
design
 

3. 	Add light controls 7 3.42
 
4. 	Delamp
 

-3u 	 T 
Subtotal 96.73 121.54
 
Other Miscellaneous 5.09 6.40
 
Use
 
TOTAL SALES 101.82 127.94 TOTAL PRODUCTION -17.34 -21.25
 



TABLE 5.2
 

ELECTRICITY CONSERVATION POTENTIAL BY LOAD SECTOR
 
AND END-USE
 

LOAD SECTOR: RESIDENTIAL SECTOR (DOMESTIC)
 

S: SHORT-RANGE H: MEDIUM-RANGE 

Conservation Total Energy Sales Short-Range Medium-Range
 

Measures (GWh) Reduction in% Reduction in GWh Reduction in GWh 

1983 1986 S H 

A. A/C Load (33%) 174.37 221.95
 

Reduce Infiltration 6 10.66
 
Clean Coils/Furnace 3 5.33
 

17.4
Reduce hours of use 10 

Increase teip to 780 5 8.72
 
Replace with central
 
air - _ 

B. Lighting (60%) 317.04 403.55
 

Convert to more
 
5 15.85
efficient source 


Convert to high
 
efficiency flourescent 5 15.85
 
Improve lighting
 

15.85
control 5 

Delamp 5 1.32 -47.56
 

C. Refrigeration (5%) 26.42 33.63
 

Reduce Infiltration 5 1.32
 
Install high efficieny
 
units
 

D. Miscellaneous (20%) 10.57 13.45
 

Good Housekeeping 1 -1.0
 

TOTAL SALES 528.4 672.58 TOTAL REDUCTION -59.98 -107.54
 



TABLE 5.3 

ELECTRICITY CONSERVATION BY LOAD SECTOR 
AND END-USE 

LOAD SECTOR: INDUSTRIAL SECTOR 

S: SHORT-RANGE H: MEDIUM-RANGE 

Conservw!on 
Measures 

Total Energy Sales 
(G~lh) Reductio,i in % 

Short-Ratige 
Reduction in GWh 

Medium-Range 
Reduction In GWh 

1983 1986 S H 

A. Motors (80%) 457.98 575.41 

1. Replace with more 
efficient and proper 
size motors 

2. Other Miscellaneous 

Improvements 

5 

5 

28.77 

28.77 

3. Good Housekeeping 2 11.51 

B. Other US (20%) 114.48 143.85 

TOTAL USE 572.41 719.26 -11.51 -57.54 



TABLE 5.4
 

ELECTRICITY CONSERVATION POTENTIAL BY LOAD SECTOR
 
AND END-USE
 

LOAD SECTOR: 

S: SHORT-RANGE 

Conservation Total Energy Sales 
Measures (GWh) 

1983 1986 

A. i4otors (95%) 99.34 124.83 

1. More efficient 
motors 

2. Other (5%) 5.23 6.57 

TOTAL SALES 104.57 

AGRICULTURAL SECTOR 

M: MEDIUM-RANGE 

Reduction in % 

S M 

5 

Short-Range 
Reduction in GWh 

Mcdium-Range 
Reduction in GWh 

6.24 -ato 

TOTAL REDUCTION -6.24 



Conservation 


Measures 


A. 	Lighting Load (50%) 


Switch to more
 
efficient lights 


Switch to efficiency
 

fixtures 


Add light control 


Delamp 


OTIIER USE (50%) 


TOTAL SALES 


TABLE 5.5
 

ELECTRICITY CONSERVATION POTENTIAL BY LOAD SECTOR
 
AND END-USE
 

LOAD SECTOR: MISCELLANEOUS
 

S: 	 SHORT-RANGE M: MEDIUM-RANGE
 

Total Energy Sales Short-Range 

(GWh) Reduction in % Reduction in GWh 

1983 198G S M 

34.4 43.22 


5 	 1.72
 

5 	 1.72
 

8 


5 	 1.72
 

34.4 43.22 


68.8 86.44 TOTAL REDUCTION 	 -5.16 


Medium-Range 

Reduction in GWh 

co 

0 

3.46 

3.46 

-­8.62 
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There are many conservation measures in commercial and industrial build­

ings that are not identified due to time constraints of this project
 

For example, substantial energy conservation
and lack of available data. 


in the commercial and apartment buildings can be achieved in the medium
 

and long-range periods by implementing the following architectural
 

measures:
 

1. 	Select building configurations which minimize southeast-southwest
 

wall or window exposures to reduce cooling loads.
 

2. Utilize building configuration and wall exterior arrangements that
 

provide self-shading.
 

3. 	Reduce heat gains through windows by considering the following:
 

a. 	Reduced glazing;
 

b. Using double glazing or double reflective glazing to reduce
 

transmission of heat;
 

c. 	Shading windows from direct solar load year round.
 

4. Reduce electric energy consumption within the building by using
 

natural light;
 

5. 	Use light color materials for walls and ceilings; and
 

6. 	Use adequate insulation.
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5.4 SUMMARY OF CONSERVATION MEASURES
 

The information relating the total effects of the conservation measures
 

during the short-range and medium-range periods are included inTable
 

5.6. Inthe short-range period, the BNG system can reduce about 4.7
 

percent of its forecasted energy sales (1376 GWh). This isequivalent
 

to 10.85 X 106 barrels of oil consumption per year for the BNG system.
 

Inthe medium-range periods about 6 percent of forecasted enerly can
 

be conserved.
 

Figure 5.1 illustrates the total impact of energy conservation interms
 

of oil consumption for the BNG system. The energy conservation values
 

for intermediate years 1984, and 1985 can be roughly estimated from
 

Figure 5.1.
 



TABLE 5.6 

SUMMARY OF ENERGY CONSERVATION MEASURES 

BNG SYSTEM 

Load Sectors 
Forecast 
in GWh 

Short-Range 1983 

Reduction 
in GWh 

Modified 
Forecast 

GWh 
Forecast 
in GWh 

Medium-Range 1906 

Reducttc.. 
in GWh 

Modified 
Forecast 

GWh 

1. Commercial 

2. Domestic 

3. Industrial 

4. Agricultural 

5. Miscellaneous 

TOTAL 

101.82 

528.4 

572.41 

104.57 

68.8 

1376 

-17.34 

-59.98 

-11.51 

--

- 5.16 

-65.14 

127.94 

672.511 

729.26 

131.40 

16.45 

1737 

-21.25 

-107.54 

-57.54 

- 6.24 

- 8.62 

-201.19 
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6. INTERRUPTIBLE RATES SELF-GENERATING
 

CUSTOMERS
 

Interruptible or curtailable power may be defined as electric service of lower
 

reliability than firm power service, in that itmay be interrupted during
 

conditions of system emergency such as inadequate total available capacity,
 

inadequate energy capability, or inadequate operating reservoirs, in order
 

to maintain a high degree of reliability of service supply to users of firm
 

power. Becaust itmay be interrupted, this type of power enables the utility
 

to reduce the amount of peak generation capacity it would otherwise need to
 

provide. Therefore, interruptible power is offered at a discount of the firm
 

demand (kW) rates.
 

In the BNG service area, there are hundreds of self-generating facilities
 

installed by the commercial, industrial and residential customers as a back­

up supply for electricity. Table 6.1 is a partial list of the major self­

generating facilities in the BNG region. It has been estimated that a total
 

of 50 MW to 60 MW self-generating capacity are installed in the BNG service
 

area. Interruptible rates can be designed to encourage the customers with
 

self-generating facilities to disconnect during the peak periods or in the
 

event of supply/demand imbalance to present c~scating outages. This will
 

not only release the generating capacity but also relieve the transmission and
 

distribution network components significantly.
 

In the following section the short-range operating benefits of interruptible
 

rates for the self-generating customers are discussed.
 



TABLE 6.1
 

LIST OF SELF-GENERATING
 
FACILITIES IN BNG SERVICE AREA
 

Available Capa-
Type of 

city in kW
 Business
Name 


1. 	Sudanese Kaoti Animal Production Company Production of milk, eggs, chickens, etc. 140
 

Textile
2. Elgazira Weaving Factory 	 450
 

760
Textile
3. Cotton Textile Mills 


381
4. 	Ortashl Seed Oil Mill Cooking Oil 


381
5. Abuelila 


6. Elgazeva Oil Mill 	 Cooking Oil 660
 

7. 	Amdurman Soap and Chemical Factory Soap and Chemicals 150
 

Food Oil and Oil Seed Pealing 150
8. Soba Oil Mill and Pealing 


9. Elshiek Clothing Factory (Medani) 	 Ready made clothes 25
 

10. Taha Elrobi Transport (Kht.) 	 Transport Company 100
 

11. 	 Taha Elrobi Transport (Port Sudan) Transport Conany 60
 

20
12. Taha Elrobi Transport (Medani) 	 Transport Company 


80

13. Salim Skin Preservation (Medani) 	 Animal Skin 


14. Tabaldi Battery Factory 	 Battery Production 140
 



TABLE 6.1 (Con't.)
 

Type of Available Capa-


Name Business city in kW
 

15. Mode,o Plastic Factory (General) Blastic Production 	 175
 

16. Petroleum Corporation Offices 	 f
 

17. Eldinder Oil Mills Oil Food Production 	 505
 

18. Aman Clothing Factory Ready mande clothing 	 50
 

19. Hilton Hotel 	 -O880
 

20. Altahrir Perfume Administration Perfume Production 	 25
 

21. Packing Company, Ltd. 	 200
 

22. Omer Abdelsalam Factories 	 25
 

23. Alabas Seed Grinding Mills 	 55
 

24. EIjak Macaroni Factory 	 25
 

25. Medani Sheria Factory 	 25
 

88
26. Slshaab Steel Works 


27. Saad Sweets Factory Sweets Production 	 210
 

28. 	 Elshiek Oil Mills (Port Sudan) Oil Seed Production 915
 

5000
 
29. Gemera Spinning and Weaving Company 


30. New Manufacturing Company Production of Mineral Water 	 328
 

31. Elniel Ice Production Company 	 400
 



TABLE 6.1 (Con't.)
 

Type of Available Capa-

Name Business city in kW 

32. Modern Refrigeration Factory 
88 

33. Yassin Plastic Co. 2-­

34. Sudanese Koati Aluminum Company 172 

35. Gulf International Co. Asbestos Production 250 

36. Blue Nile Sweet Factories Sweet Production 100 

37. Sudanese Mild Steel Factory Corrogated Sheet 200 

38. Ganieb Weaving Factory Corrogated Sheet 110 
Go 

39. Friendship Plastic Company 80 

40. Modern Distilling Company Production of Alcohol 117.4 

41. Blue Nile Weaving and Spinning Co. (Menani) 2080 

42. Gazera Managil Weaving Company 25 

43. Modern Ice Cream and Sweet Factory 33 

44. Eltofieg Soup Factory 120 

45. National Plankets Factory 
256 

46. Elhelanien Soap and Chemical Factory 324 

47. Kenoz Soap and Glycerin Factory 
256 

48. Astra Metal Industry Ltd. 140 

49. 0 durman Clothing Factory 40 



TABLE 6.1 (Con't.)
 

Type of Available Capa-


Name Business city in kW
 

50. Eltamadun Printing Ltd. 	 200
 

51. Commercial Bank (Indus. area) 	 40
 

52. 	 Commercial Bank (Onduman) 50
 

80
53. Commercial Bank (Khatsua) 


54. Commercial Bank ( Headquarters) 	 180
 

55. Unity Bank (Onduman) 	 47 


56. Sharton Spinning and Weaving Company 	 4800
 

57. 	 Tolla Sweet Factory 450
 

660
58. 	 Elmadth Oil Hills 


629
59. Karam Biscuit Company 


60. 	Kother Ice Factory (Albura) 100
 

21­61. 	 Saad Sweets 


550
62. Unduanban School of Agricultu-


220
63. Modern Match Production and Distribution Co. 


40
64. 	 Fissal Islamic Bank 


400
65. Sennar Biscuit Factory 




TABLE 6.1 (Con't.) 

LIST OF SELF-GENERATING 
FACILITIES IN BNG SERVICE AREA 

Type of Available Capa-

Name Business city in kW 

66. Unity Bank (Khartown) 400 

67. United Perfumes and Cosmetics 40 

68. White Nile Plastic Company 200 

69. Cosmetics Lab 45 

70. Sudanese Produce Company 40 

71. Modern Shoe Industry 250 to 
0 

72. Saeed Farm Food Processing 760 

73. Mustafa Sati and Sons Soap Prod. 240 

74. Eloaha Oil Co. 685 

75. Sudanese Oil Seed Processing Co. 1340 

76. Akasha Plastic 500 

77. Abutanig Enterprises 48 

78. Aslin Ice Factory 225 

79. Usab Oil Mills 200 

80. Eldali and Maizmom Coipany 16 

81. Slaiyam Printing 103 

82. People Weaving Fqctory (Omd.) 140 



TABLE 6.1 (Con't.) 

Type of Available Capa-

Name Business city in kW 

83. Kubaba Medical Company 16 

84. Free Market (Offices) 40 

85. ZIP Siudanese Factory 92 

86. Ramsies Eng. 29 

87. Hajjar Cigarettes and TIocco Factory 200 
to 

88. Sudanese Saving Bank 10 

89. Blue Nile Cigarettes Company 120 

90. Sudanese Mint Factory 600 

91. Slkatani Plastic Factory 400 

92. Elkatani Oil Mills 400 

93. Elkatani Anial Food Prod. Co. 800 

94. The Nile Paint Works 200 

95. Elgezira Managil Weaving Co. 120 

96. Commercial Development Enterprise 120 

97. Eldoiem Oil and Coap Factory 250 

98. Ellaka Notel Co. 50 

99. Sudanese Wire Factory (Furniture) 300 



TABLE 6.1
 

Available Capa­type of 

city in kW
Business
Name 


300
100. Mekauri Factory (Furniture) 


407
101. Rajab Oil Hill Factory 


600
102. Sheik Oil Mill 


279
103. Sudanese Stationary 


279
104. INodern Plastic Co. 


60
105. Shell Chemical Co. 


279
106. MekkI Refrigeration Co. 


40
107. Elmagran Enf. 


125
108. People Cooperation Bank 


100
109. Sudanese Mining Administration 


200
110. Kordufan Factory 


36,562.4
 

There are more than 100 private small units installed in the different embassies and in residential areas
Note: 

varying between 3 kVA to 10 kVA.
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6.1 OPERATING BENEFITS OF INTERRUPTIBLE LOADS
 

From the standpoint of system operations, interruptible loads, constitute
 

a form of available capacity, in that cutting the loads has the same
 

effect on available reserve as increasing capacity. One important
 

difference between the two is that whereas the system operator has pre­

cise information on the status of capacity, he does not know with the
 

same precision how much interruptible loads he has available for drop-


However, at the present time his knowledge is
ping at any moment. 


accurate enough for operating purposes. An estimate of all the self­

generating customers' daily load profiles can be gathered which will
 

provide information on how much interruptible load is available at
 

any instant.
 

At present the BNG system is operating with inadequate operating and
 

spinning reserves due to firm capacity shortage. An interruptible load
 

can be considered as non-spinning reserve, i.e., the capacity is avail­

able for loading within 15 to 30 minutes. The interruptible power
 

insurance against a system failure so that sufficient
will serve as 


Also,

spinning reserve is available if another failure should occur. 


different class of interruptible loads may be cut to effect daily 
economy
 

Examples of the savings are in avoiding starting up combustion
savings. 


turbine units.
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In the long-run, selling more interruptible rates to self-generating
 

customers would save BNG system the cost of generation equal to the load
 

which would otherwise be firm, plus the corresponding reserve margin
 

needed to support this firm load. The value to the system and hence
 

the justification for getting this class of service at reduced rates,
 

depends upon the right to interrupt. Also important is the effective­

ness of the measure in terms of the amount of curtailable power available
 

at any given time, and its response time.
 

6.2 SHORT-RANGE CAPACITY SAVINGS
 

The value of self-generating customer's interruptible loads arising from
 

the possibility of reducing peak generation for the study period is
 

hard to assess, First, there is the problem of determining the exact
 

potential savings in kilowatts of peak generation corresponding to each
 

Kilowatt of interruptible load. Factors such as the following must
 

be taken into account:
 

1. Diversity among the interruptible loads, the diminishing effective­

ness of successive increments of interruptible load sold;
 

2. During cuts, the customer may be allowed a tolerance of for example,
 

five percent on the cutting floor without penalty;
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3. Customers may be allowed to convert from interruptible to firm power
 

on short notice;
 

4. Further administrative costs, system losses, and the savings in
 

generating reserve that would result from the load's being inter­

ruptible rather than firm.
 

However, items #2 and #3 are institutional issues. The PEWC may decide
 

that the self-generating customers who subscribe the interruptible rates
 

will not be allowed to convert to firm rates for two or three years.
 

Similarly, the cutting floor tolerance option may be totally eliminated
 

from the rate structure.
 

The chief use of interruptible power is to reduce peak load at times of
 

system emergency or during the capacity shortage years, i.e., 1982
 

or if there is any slippage of installation dates of new units. It
 

follows then that PEWC should relate the value of interruptible power
 

loads of self-generating customers to the cost of the marginal plant or
 

peaking capacity along with an allowance for additional requirements
 

for reserve generation. Table 6.2 illustrates the effects of self­

generating customers interruptible loads on supply/demand balance for
 

It should be noted that inTable 6.2 the available
the short-range period. 


a
capacity of the self-generating customer is assumed to be 50 MW and 


outage factor of 20 percent isused to account for the unavailablility
 

of the interruptible loads. The resultant 40 MW available capacity is
 



TABLE 6.2 

EFFECTS OF SELF-GENERATING CUSTOMERS 
INTERRUPTIBLE LOADS FOR TIlE 

SHORT-RANGE PERIOD 

Base Case Scenarion 11 (As Planned) 

Items 1981 1982 1983 1984 1985 1986 

1. Peak Demand (MW) 198 231 262 281 304 329 

2. BNG System Dependable Capacity 209 219 349 389 389 389 

(MW) 

3. Reserve Contribution from 24 24 24 24 24 24 

Interruptible Loads (MW) 233 243 3 413 41 

4. Reserve Margin Criteria (%) 33 29 30 31 29 27 

5. Capacity Shortage (MW) -30 -55 +32 +45 3.0 - 5.0 
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multiplied by the diversity factor of 60 percent to account for the
 

It is quite evident that the capacity shortages
customer usage pattern. 


for the study period have significantly been reduced when compared
 

with Table 2.5 in Section 2.
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6.3 SHORT-RANGE OPERATING BENEFITS
 

Hypothetical examples may help to make the benefits of self-generating
 

customers interruptible power service clear:
 

First, a brief example of outage probabilities will illustrate the
 

underlying principles for calculating Loss-of-Load Probability (LOLP).
 

Assume a two-unit utility with the characteristics given in the follow­

ing table:
 

Capacity Forced Outage Availability 

Unit #1 10 MW 0.10 0.90 

Unit #2 20 MW 0.05 0.95 

Probabilities may now be calculated for the various levels of geneyating
 

capacity that could be available, cs in the following table:
 

Available Probability Distribution of
 

Capacity Available Capacity
 

0 0.1 X 0.05 = 0.005 

10 0.9 X 0.05 = 0.045 

20 0.1 X 0.95 a 0.095
 

30 0.9 X 0.95 - 0.855
 

1.000
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Thus, the probability that the hypothetical system will have generating
 

To protect
capacity of less than 20 is 0.045, or roughly one in twenty. 


this level of system reliability, the utility needs a certain level
 

of system reserve and/or interruptible power.
 

A second example illustrates the role and value of self-generating
 

customers interruptible power within the total BNG system.
 

The following brief description of the composition of the BNG system
 

1982 capacity will serve as an introduction to the hypothetical opera­

ting condition of Table 6.3.
 

System Capacity a Total Internal Generation 

a 220 MW
 

Total Internal Generation = On-Line Generation + Idle Capacity
 

On-Line Generation a BNG System Primary Load and Spinning Reserve
 

BNG System Primary Load a Customers Load Without Self-Generating +
 

Self-Generating Customers Demand
 

Idle Capacity a Units out on planned maintenance + Noninterruptible
 

ready reserve + Noninterruptible slow pick up + Cold 

reserve (spare units). 

System Reserve c Operating Reserve + Slow Pick up reserve + Cold Reserve 

Spinning Reserve + Self-Generating Customer'sOperating Reserve * 


Demand
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TABLE 6.3
 

HYPOTHETICAL EXAM.PLE Or SELF-GENERATING
 
CUSTOMERS ISE AS INTERRUPTIBLE LOADS 

YEAR: 1982
 

(1) (2) (3) (4) (5) (6)
 

System On-Line Firm Int Spinning Idle
 
Capacity Generation Load Loads Reserve Capacity
 

(w) (14W) (MW) (MW) (MW) (w) 

220 200 160 30 10 20 

Note: (1)* (2)+ (6)and (2) (3)*(4) + (5) 
Now, assume that the system suffers d 30 IV Rosieres unit loss. The immediate 
result is: 

30 20190 170 160 10 


Within ten minutes, spinning reserve and disconnection of self-generating customers
 
(interruptible load) portion of ready reserve will restore the system as follows:
 

0 20
190 170 160 10 


At the same time, the nonsynchronized portion of ready reserve will be loaded to
 
restore spinning reserve as follows:
 

190 180 160 10 10 10
 

Assume that at this time the system suffers another 10 MW Burri unit loss. The
 
imnediate system conditions are as follows:
 

180 170 160 10 10 10
 

At this point, the second phase of interruptible loads will provide the backup
 
reserve to restore the supply/demand balance as follows:
 

0 10 10180 170 160 

As soon as additional units are available from idle capacity, the system load
 
will be restored as follows:
 

18O 180 160 10 10 0 

When the faulty generators are repaired the system is restored to its original
 
conditions.
 

220 200 160 30 10 20
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Therefore, the role of self-generating 
customers interruptible power
 

as ready and slow pick up reserve 
for BNG system should be evident.
 

Increasing participation of self-generating 
customers would make more
 

ready and slow pick up reserve 
available for the short-range 

period.
 

(and thus the LOLP), should remain
 
If the total system reserve level 


unchanged, then the BNG system 
would need to maintain less cold 

reserve.
 

Without interruptible power, more 
generating, transmission and dis­

tribution capacities would be 
needed to supply loads for which 

neither
 

construction lead time nor financial 
resources are available for the
 

study period.
 

Besides alleviating load shedding 
and power interruption, the 

class of'
 

interruptoble power may provide 
annual operating savings consisting
 

of two parts:
 

6.3.1 OPERATING RESERVE BENEFITS
 

Even without load drops, self-generating 
customer loads can affect
 

savings be reducing the generation 
held as daily operating reser,e:
 

that is to say, interruptible loads 
are part of the reserve available
 

to the system and capable of 
being fully activated within 

ten/
 

The high load plateau on the 
BNG system last rough­

fifteen minutes. 


For the rest of the time, hydro 
capa­

ly between 10 and 14 hours. 


city and a partly loaded diesel/steam 
units provide all the required
 

Therefore, interruptible loads 
are useful mainly during the
 

reserve. 


peak period.
 



6.3.2 

6.4 

(ECONOMY SAVINGS)
DIFFERENTIAL ENERGY-PRODUCTION COSTS 


Daily economy savings from using 
interruptible power, associated
 

with not starting up peaking 
units (mainly inefficient units 

in
 

the BNG system) at heavy load 
periods or nor using water in

the less
 

efficient hydro plants could amount 
to thousands of dollars.
 

PROPOSED INTERR
UITIBLE RATES FOR SELF-GENERATING 

CUSTOMERS
 

To reduce the frequency and 
duration of load shedding and power inter­

ruptions during the study period, 
it is recommended that the PEWC
 

should make available to its 
customers with self-generating 

capacities
 

the following types of interruptible 
rates:
 

a. Designated Class 1, with higher risk, to be used as ready reserve
 

as for system emergencies;
as well 


b. The second, designated 
as Class.2, with a lower risk, 

to be used
 

for system emergency conditions 
only, subject to thirty minutes
 

notice to conform with system 
requirements for slow pick 

up reserve.
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AS A RESOURCE7. REPOWERING 

7.1 BACKGROUND AND CONCEPT
 

Repowering consists of converting an existing older conventional gas
 

and oil fired steam boiler power plant into 
a combined cycle plant by
 

This allows an increased
 
integrating one or more combustion turbines. 


capacity and reduced heat rate compared 
to the existing plant.
 

In the process of repowering the steam-electric 
generating unit, the
 

(gas) fired boilers are replaced by waste 
heat recovery


existing oil 


steam generators which are connected to 
the combustion gas turbine ex­

haust which are connected to the combustion 
gas turbine exhaust to utilize
 

source
 
the heat energy contained in the exhaust 

gases as the thermal 


for the steam generation and supply steam 
to the steam turbine generator.
 

The resulting repowered combined cycle 
system configuration provides a
 

as
 
very substantial increase in the plant generating capacity as well 


a radical increase in the generating plant efficiency which 
results
 

in significant fuel savings of the combined cycle system compared 
to the
 

Thus, the combined
 
previously existing steam-electric generating unit. 


(gas) fired electrical generating
 
cycle repowering of an existing oil 


plant provides the utility with at 
least the same benefits as those
 

new combined cycle
 
which could be derived from the installation 

of a 


However, there are other possible more 
compelling
 

generating facility. 


reasons why repowering of existing facilities 
is being seriously
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pursued by both utilities and regulatory agencies alike in
U. .A.
 

The dramatically changing economic 
and environmental 	factors coupled
 

fundamental impact

Wi'h uncertainties in future energy resources 

have a 

upon the decisions electrical utilities 
must make in formulating their 

These factors include the costs of 
rising
 

generating supply plan. 


inflation, record high interest rates 
along with the unpredictable ano­

malies in future energy demands caused by the 
"energy crisis" and the
 

from about
 
related unprecedented increase in

fuel oil prices (i.e., 


35 cents/l06 Btu in 1970 to about 270 cents/10
6 Btu in 1977), with
 

similar increases in the price of natural gas and coal.
 

The new electrical generating plant construction lead 	
time (i.e., from
 

plar.A initial inception, engineering, regulatory 
permitting process
 

through construction completion 
to commnercial operation) is approxi­

can be
 
Before the new generating plant 

additions 

mately 5-10 years. 


completed, however, the elctrical 
energy load demand, which will 

persist
 

to grow, will have to be supplied from the existing 
generating plant re­

very
 
sources with capacity additions 

which can be accomplished within 
a 


It is in this particular interim near term 
that
 

shortened fram of time. 


(gas) fired generating plants has 
substantial
 

repowering of existing oil 


advantages to offer in partial solution of the electric utilities'
 

immediate problem in augmenting 
the current electric generation 

resource
 

The repowering of existing generating 
facilities into combined
 

base. 


cycle system configuration may 
be particularly attractive in

the cases
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where the electric utility has identified 
the need for installation of
 

new combined cycle generating units to 
meet the growing generating
 

capacity demands.
 

are in-

Specifically, some of the benefits and 

advantages of repowering 


strumental in the following conditions:
 

COMBINED CYCLE EFFICIENCY
7.1.1 


To minimize the cost increase in generating electrical energy caused
 

by large price increase of fuel oil, the electrical utilities are
 

proceeding to adopt the high efficiency of combined 
cycle systems for
 

Since a very sub­
the installation of new generating 

plant capacity. 


stantial portion of the electrical 
energy will continue to be generated
 

resources be utilized
 
it is essential that available oil 
from fuel oil, 


in the most efficient manner possible 
in generating electrical energy.
 

Repowering the existing lower efficiency 
power plants into a combined
 

cycle system configuration is an approach 
that has been adopted by
 

the electrical utilities to affect 
a significant improvement in
 

electrical generating plant efficiency 
and a significant improvement
 

new generating
 
in electrical generating plant efficiency 

and additional 


These older existing generating plants, 
due to their
 

plant capacity. 


low efficiency, have been designated 
for use in intermediate generation
 

The addition cf combustion
 
service or to serve as peaking units. 


gas turbine generators coupled with 
heat recovery steam generators
 

to provide the steam supply to 
the existing facility, provides 

the
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utility with an opportunity to increase the 
plant generating capacity
 

with a significant improvement in system 
efficiency at minimum
 

financial investment.
 

SITE AND ENVIRONMENTAL 	CONSIDERATIONS
7.1.2 


Repowering of existing installation 
minimizes the total environmental
 

impact which might otherwise a-ise 
with site selection and the regu-


Since the
 
latory permitting process for new 

generation facilities. 


combustion gas turbines are basically 
air cooled systems and the
 

steam turbine cycle need not be 
changed, the plant cooling water
 

requirements under existing operating 
restrictions should remain un­

be met
 
Existing air pollution emission 

restrictions can 

affected. 


with.current control technology 
and with clean distillate fuel oil
 

The possible selecting
 
that meets the sulfur content restrictions. 


(gas) fired generating plant removes
 
of repowering of an existing oil 


con­
the normal problems associated 

with siting of new plants and 


sequently also tends to minimize 
the envitonmental impact of additional
 

generation.
 

7.1.3 	CAPITAL COSTS
 

repowered plant are minimal in
comparison to
 

The capital cost of a 


a new installation of conventional
 
the capital investment 	required in 


steam-electrical generation units or new combined 
cycle units on
 

cost savings are realized in
repow-r-


These capital
new plant sites. 


ing by preserving the use of 
existing steam turbine generator 

plant
 

and associated auxiliary systems 
and adding new gas turbine generators
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with heat re.very steam generators in substitution for the existing
 

conventional boilers, as opposed to a complete new combined cycle
 

system installation.
 

7.1.4 INSTALLATION LOAD TIMES AND ESCALATION
 

types of power generating equipment
Escalation in the cost of all 


and plant installation may be considered to be proportional 
to the
 

respective load times involved in the planning, 
engineering and
 

existing facility,

construction. Consequently, the repowering of an 


much shorter lead time compared to the additions 
of new
 

having a 


generating plants, is subject to cost escalation 
to a proportionately
 

lesser degree.
 

In another respect, the very long lead times 
required for the addition
 

currently inthe range of 5-10
 
of new generating plant capacity 


years, poses a serious problem to the utilities 
which must increase
 

the overall generating system capacity in the interim time to meet
 

the rising electrical energy laod demands of 
the immediate future.
 

For the interim solution of the near term generating 
capacity problem,
 

the utilities have to depend on the relatively 
short lead time com­

bustion turbine and combined cycle systems for 
the necessary generating
 

capacity additions. Repowering of an existing generating facility
 

provides the utility with the same benefits 
of added gas turbine
 

generating capacity in essentially the shortest possible time,
 

considering that installation takes place 
at an existing plant and
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no need for the acquisition and 
approvals of a
 

therefore there is 


new plant site.
 

According to the above, combined 
cycle type of repowering of an exist­

(gas) fired steam-electric generating 
facility may
 

ing reliable oil 


number of general advantages in resolving some of 
the BNG
 

-offer a 


systems current difficulties of 
increasing their system's generating
 

capacity for the near term future 
to meet the increased demand for
 

Some of these advantages associated 
with
 

electrical energy supply. 


repowering are:
 

a. Increasing plant generating capacity, 
with improvement in plant
 

consumption per unit of
 
efficiency reducing the fuel 

oi' 


generation.
 

b. Reducing lead time and problems 
associated with siting and con­

structing of new plants.
 

c. Minimizing additional environmental 
impacts of the existing
 

plant site due to plant expansion.
 

d. Allowing for efficient generation 
capacity addition in the
 

shortest time possible, regulatory 
circumstances per mitting.
 

e. Minimizing plant cost per kW 
of generating capacity and kWh
 

of electrical energy.
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of the above identified advantages may be applicable
However, not all 


to a given existing facility wlich may be cmnsidered 
as a potential
 

candidate for repowering due to either site or plant 
related con­

straints and imposed limitations.
 

7.2 REPOWERING POTENTIALS FOR BNG SYSTEM
 

Prior to making any evaluation about the potential 
plants for repowering
 

in the BNG system, it is necessary to identify those units which are
 

This decision is based on the knowledge that:
 non reheat units. 


of more recent origin and operating at higher
1. Most reheat units are 


being utilized at a higher load capa­efficiency and therefore are 


city factor by the utilities.
 

addition in capacity by gas

2. The limitation of a relatively small 


turbines in relation to the reheat steam turbine capacity 
in the
 

combined cycle causes in reheat steam tjrbines to less less likely
 

candidates for repowering even if proved feasible.
 

the list of all potential repoweringplants in
the BNG
 

In Table 7.1, 


system are included. It was concluded that attempts -to repower existing
 

reheat units would be more complex and costly, 
while obtaining a minimal
 

increase in generation capacity in relation to the existing capacity.
 

All units comprised of reheated steam turbine 
generators were thus eli­
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TABLE 7.1
 

LIST OF POTENTIAL REPOWERING
 

PLANTS IN BNG SYSTEM
 

Power 
Station 

Type of 
Prime 
Mover 

Date of 
Installations 

Installed 
Capacity 

(MW) 

Burri Diesel Post 1964 15 

Steam Turbine 1957 10 

Steam Turbine 1959/61 20 

Kilox Gas Turbine 1969 15.04 

Wad Medani Diesel 1963 5.75 

65.79 
TOTAL 
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In addition
 
minated from furthier consideration 

in repowering evaluation. 


to the requirement that that units 
be considered for repowering would
 

be non-reheat units, several other 
requirements were established to
 

be considered in the evaluation:
 

1. That the existing equipment be 
suitable for an extended life.
 

2. Moderate expenditure for restoration 
or repair.
 

3. That the existing plant site 
have adequate space for the instal­

lation of the new generation equipment, 
together with the auxiliary
 

equipment which would be required 
for the increased capacity of the
 

repowered plant.
 

4. Adequate space availability 
for increased switchrack and power
 

transmission capacity.
 

handling and storage facilities.
 5. Increased fuel 


6. Space for the installation of 
the new heat recovery steam generators.
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REPOWERING EXPERIENCE OF OTHER 
UTILITIES
 

The consulting firm Burns and 
Roe conducted a study for the 

California
 

Energy Commission on the feasibility 
of repowering older, lower 

efficiency,
 

oil buryiing power plants (without 
steam reheat turbines) in California.
 

Their analysis showed about 
2800 MW of existing capacity 

could be re-


In addition to
 
total capacity of over 8000 MW. 


powered to achieve a 


adding new capacity, overall 
efficiency can be expected 

to increase by
 

Repowering would involve removing 
the ex­

approximately 30 percent. 

a waste
 

isting boiler and installing 
combustion turbine generators 

and 


to supply the existing steam turbine
 
heat recovery steam generator 


system.
 

Westinghouse examined alternative 
repowering configurations 

for modern
 

Repowering arrangements
 
oil-fired plants with reheat 

steam turbines. 


considered for plants consisted 
of adding the combustion turbine 

gen­

erators and other modifications to 
allow compatibility with the 

existing
 

A wide variety of repowering 
configurations are possible 

de­

plants. 

to minimize heat rate, increase
 

pending on whether the primary 
goal is 


capacity, or mnimize air 
pollutant emissions.
 

The Westinghouse study reported 
the following results for 

a 330 MW oil­

typical repowering case:
 
fired boiler, considered 

a 
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a. 8240 Btu/kWh heat rate with combustion 
turbines supplying 23 percent
 

of the plant output, and
 

b. 32 percent increase in plant capacity 
and 8 percent improvement in
 

heat rate.
 

In Table 7.2 (a)and 7.2 (b) two typical 
examples of repowering are
 

It should be noted that by reoowering 
older units in Table
 

included. 

MW to 304 MW
 

7.2 (a)the rated plant output 
has been increased from 97 


In Table 7.2 (b), the rated plant output
213 percent.
an increase of 


Similar improvements in energy output,
 is increased by 200 percent. 


heat rates and capacity factors 
can be determined from Table 7.2.
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TABLE 7.2 	(a)
 

REPOWERING FEASIBILITY STUDY 
IN CALIFORNIA
 

pLX!?r EVPAXt-t.T10N 

-: L:S 1.2,_ 
.. Po.M PAT ctCETP.OImperial ir-rigation Diztr 

E1 Ccntro, imperial county, california
 

825 7
710 PSIA 

20,000 XW TCSF 	 9000F
Unit 1 	 850 PSIA 

33,000 K14 TCDF 	 9509F
Unit 2 	 1250 PSIA
TCDF 


nit 3 	 44,000 KW 1500 PSIA 1010OF/10
 
80,000 KW TCDF 


Unit 4 


Plant potntial
RePO ered 

Rated


Rated,
proposed 	 RepoweredStoamaT PlantGas Turbine capacity Capacity plant
Install&:ion 1
Base-Load Rati l 

80
20
60
One - 69MW 	 100
Unit 1 69 67 33 

3 ne - MW 	 44 124
unit 2 -4o 	 304
Unit uniTw3 - 5MW207 7 


TOTAL
 

Eisting
Repcn.iered 	Plant 
 plant 


97 

25
8W
Rated Goneration capacity 	 212.•6 mI0 % 

11,700Load Factors iestimated) -

Annual Gneration - 106 

29.7
- BTU/KV1plant l1at lates 

- %Plant Effirciencies 
 - 1000 bbl/yrFuol Oil ;,iquiraments 
Ratio - Total Capacity to istig Capcity 11.83 

1082
NOx Er..ssions - L I/,.TWH 
12.12@Full Load - LDS/l 

1176 

- LUS/MfS02 Emniscions 	 1.00 Full Load - LBS/HR 

particulate Emissions - LOS/WH 	 97 


* pull Zaad - LBS/Uo Unknown
 
coolinig Water Flow 

- 1000 GP4 

Condenser 

0 0 4F
 

Estimated
 
Unit Net 
Heat Rate
 

BTU/Kr j? 

8717
 
8710
 
8692
 

powered
 
Plant
 

304
 

65
 
1731
 
8705
 

39.2
 
2598
 

3.13 

556
 
0.87 

265
 
0.09 

27
 



115
 

TABLE 7.2 (b)
 

REPOWERING FEASIBILITY STUDY IN CALIFORNIA
 

PLANT EVLUATION
 

PVU T - UNITS 1 &2
OLEU!1 POWER 

pAC:rIC G;uS & ELCTRIC CO.
 

Oleum. Conr.ra Costa Cou-nty, California
 

Existing~Plant
 
95007
1500 PSIG
40,000 NW TCSF


Unit 1 9500F
1500 PSIG
TCSF
40,000 KW
Unit 2 


Rerowered :"ant Potential
 

Rated 
 Estimated

Rated
Proposed Unit NetSteam Repowered
GT Plant
Gas Turbine 
 Plant Heat Rate
 

Capacity Capacity
Installation 
 BTV M-0 . nl CapaiC2tv4
Base-Load ft',atnqI 

9184125
40
85
Unit l' 125 918440
85
Three- 60 HW
Unit 21s 250
80
170

UTTL 


Repowered Plant Summary 
Repowared
Existing 


plant Plan
 

250
25 

Rated Generation Capacity - MW 

175 1424
 
%
Load Factors (estimated) - 14WH15


- 106 14,5009184
Annual Generation 37.223.523.5375
 
Plant Heat Rates - -BTUiKW%plant Efficiencifts 


2255
406 

- 000 bbl/yrFuel Oil Requirements 
 3.13
 

Total Capacity to Existing Capacity 1 1.93
Ratio - 10.57 
- LBS/2%! 482NOX Emissions 846 

LBS/HR 0.92
@ Full Load - 7.65 

- LBS/WH 230S02 Emissions 612 

0 Full Load - LBS/1R 0.090.79 
- LBS/MW 
 23Particulate Emissions 63 

- LBS/HR 75* Full Load 75 - 1000 GPM 

Condenser cooling Water Flow 456 456
 

- 106 BTU/HR

Thermal Discharge: Ext. Cycle 

- F 
12.212.2


C.W. AT 

6 BTU/HR - 560 

Non-Extraction Cycl-.10 14.9
 
IF
C.W. &T ­
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7.4 SYSTEM IMPACTS OF REPOWERING ON THE BNG SYSTEM
 

Within the BNG system, there are three plants, (Burri, 
Kilox, and Wad
 

Medani) with diesel/steam electric generating stations, believed 
to be
 

of such age and condition as to be potential candidates for repowering
 

in the combined cycle method of operation. A survey should be made
 

unit by unit basis, to evaluate the actual feasi­
of these plants, on a 


bility of repowering the individual units. However, based on other
 

utilities experiences and feasibility studies, the fcllowing 
are the
 

short-range system impacts of th- BNG:
 

Of
 
a. The total existing generating of the three plants 

in 65 MW. 


this total it is believed that 45 MW could be repowered inthe com­

bined cycle method with the addition of 90 MW of 
gas turbine capa­

city, resulting in a total repowered combined cycle capacity of
 

135 MW.
 

esti­
b. The efficiency of the existing units is relatively low, with an 


excess of 12,000 Btu/kWh. The repowered

mated average heat rate in 


units should provide a marked improvement in efficiency, with an
 

average net heat rate of approximately 8,800 Btu/kWh, 
an improvement
 

This increased efficiency would restore
 of approximately 30 percent. 


these units for base or intermediate load operation.
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c. The capital investment for this new base/intermediate 
load capacity
 

Based on 1980
 
is moderated by repowering the existing 

equipment. 


prices, the capital cost should not 
exceed $275.00 per kilowatt of
 

total capacity for those units believed 
to be acceptable for con­

sideration in repowering.
 

In Table 7.3 and 7.4, the system impacts 
for two base case scenarios are
 

It is important to note that the capacity 
improvement of
 

included. 


existing units in Table 7.3 and 7.4 are estimated 
based on only age and
 

types of diesel and steam units in the BNG system. A detailed evaluation
 

of existing units' characteristics 
as outlined in the survey forms of
 

Appendix A is necessary to estimate the cost-effectiveness 
of repowering.
 

The repowering for older gas- or oil-fired plants without reheat 
tur-


The PEWC should initiate
 
bines is a commercially available 

technology. 


s to determine the actual capacity 
and
 

a feasibility study of older u'
..


energy than can be generated from 
the existing units for the short-range
 

period.
 



TABLE 7.3 

SYSTEM IMPACTS OF REPOWERING OLDER UNITS 

BASE CASE SCENARIO f1 (AS PLANNED) 

Items 
1981 1982 1983 1984 1985 1906 

1. Peak Demand (MW4) 

2. Present CapacityExpansion Plans 

198 

209 

231 

219 

262 

349 

281 

389 

304 

389 

329 

389 
0 

3. Repowering Capacity -- +20 -- +15 +55 

of Combined Cycle 

4. Total ONG System 209 239 369 424 479 479 

Capacity (MW) 

5. Reserve Margin (%) 5.5 3.4 41.0 50.0 57.5 45.b 

6. Required Reserve Margin (%) 
To Meet Reliability Criteria 

7. Capacity Shortage in M1 

33 

-54 

29 

-59 

30 

-0-

31 

-0-

29 

-0-

21 

-0­



-- 

TABLE 7.4
 

SYSTEM IMPACTS OF REPOWERING OLDER UNITS
 

BASE CASE SCNEARIO 12 (SLIPPAGE OF ROSIERES 
UNIT 05 AND 06)
 

1986
1985
1984
1983
1982
1981

Item 


304 
 329
281
262
231
198

1. Peak Demand (MW) 


389
389
349
309
219 

Capacity Expansion Plans 

209

2. 


3. Repowering Capacity of -- +15 +55+20 

Combined Cycle 


479
479
384
329
239 

Total BNG System Capacity (MW) 209


4. 

45.5
57.5
36.6
7.6
3.4 


5. Reserve Margin (%) 
5.5 


27
29
31
30
29
33

6. Required Reserve Margins (%) 

-0­-0-
-0-
-11.6
-59 

7. Capacity Shortage in MW -54 
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FOR IMPROVING 	 SHORT-RANGE8. 	 OTHER OPTIONS 

OPERATING RELIABILITY 

in the electric utility 	industryIn Sudan, disturbing trends are emerging 

that are causing not only routine power shortages and load sheddings but also 

of the industry. These trends relate to theaffecting the economic growth 


adequacy of capacity to meet future electric load and energy requirements.
 

aservice area indicates that 1982 is
The projected growth rate for the BNG 

critical year because of supply/demand imbalance. The expected capacity 

80 MW. In the
shortage at the time of system peak demand may be as kigh as 

a few other options for improving short-range operatingfolIawing section, 

discussed. The system reliability improvementsystem's reliability are 

less capital investment compared 

options may be divided into two categories such as 'institutional solution' 

and 'engineering solution'. The 'institutional solution' options require 

to the 'engineering solution' options. 

8.1 DEMAND SUBSCRIPTION 	SERVICE (DSS)
 

household appliances which con-
Air conditioners are only one of many 

demand. The direct control of air
tribute to the BNG system peak 

customers, largelyconditioning is a highly 	sensitive issue with 

comfort levels.
because such control will inevitably result in reduced 

cost of installed
This is easily understood when one considers the high 

cost of the electrical
air conditioning equipment relative to low 

necessary to power the equipment. The residential customer has 
energy 
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air conditioning, which 
a number of alternatives available, 	other than 

usage during system peak period.will allow reductions in electrical 

It follows that customers would be more receptive to a program which 

use during
allows them freedom to select which appliance they desire to 

peak period than limiting the use of the one particular piece of equip­

ment which they value most at that time. 

a concept which will allow the 
Demand Subscription Service (D.S.S.) is 

level of service which will satisfychoose the minimumcustomers to 

This program
comfort needs during the critical system peak periods. 

is the first major attempt by an electric utility in the United States 

a limit on 
to experiment with a load management deivce which places 

demand. In return, the customer will be 
the customer's electrical 

the level of 
compensated through the monthly bill in accordance with 

orThe demand limiting device is radio-controlledservice chosen. 
of systemis activated only during time.

mechanically controlled and 

peak. When activated, the device will trip (shut off) the total house
 

of demand is exceeded. The
 
load only if the previously agreed level 


the device only after reducing his household 
customer may manually reset 


load below his subscription level.
 

8.1 .1. PROGRAM OBJECTIVES FOR THE BNG SYSTEM
 

The objectives of the Demand Subscription Service 
Program can be
 

defined both In terms of the short-term test and evaluation phase as 
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the long-term potential for systemwide implementation.well as 

a. 	 Short-Term Objectives 

an overall evaluation of the cost
Short-term objectives incltude 

The evaluation will include four 
effectiveness of the concept. 


primary consi derations:
 

o Customer acceptance and long-term retention of reduced
 

demand levels.
 

Impact of reduced individual customer conservation and
 
o 

demand which are coincident with the
diversified group 


system peak.
 

The reliability of equipment performance.o 

energy.
o 	 The cost of equivalent generating capacity and 

Program include deter-
The short-term objectives of the D.S.S. 


mination of the optimum combination of incentive levels and
 

activation strategies to provide maximum load reduction while 

of customer satisfaction.retaining an acceptable level 
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b. 	 Long-Term Objectives 

A-ins long-term objective of the program, should it prove to be 

the 	systenwide acceptance of thecost-effective, is to gain 

as a condition of service bysubscription service concept 

that the concept allows for complete freedom ofdemonstrating 
he prefers.choice by the customer of the level of service which 

the concept wouldWhen implemented as a condition of service, 

lower demand customersprovide an equitable basis for rewarding 

their rates. The
and penalizing high demand customers through 

customers acutely aware of
established demand limits will 	make 

result in long-term load reduction
the peak load problem and will 

which can be counted on for extended periods of time. This will 

reduce the need for
greatly facilitate resource planning and 

For the short-range period, the D.S.S. 
new 	generation capacity. 


program has the potential of reducing the peak demand by 5 MW in
 

the 	BNG system.
 

8.2 OFF-PEAK WATER PUMPING
 

power seeks to shift
for water pumping and agriculturalLoad management 

to off-peak hours by creating incentives 
some pumping load from on-peak 

lists major electrical water pumps
for energy conservation. Table 8.1 

serviceEG service areas. In the PEWC 
on agricultural schemes in BNG and 

area, the total water pumping load is about 58 MW. Most of the 

is done in the off-peak hours to relievepumpingagricultural water 



TABLE 0.1
 

MAJOR ELECTRICAL WATER PUMPS
 
ON AGRICULTURAL SCHEMES
 

Scheme 

Number 
of Pumps 

kW Rating 
of Each 
Pump 

Total 
Demand 
in MW 

Annual Energy 
(Gh)Consumption 

1. Rahad 11 1500 16.5 5.000 

2. Suki 4 1500 6.0 0.984 

3. Sennar Sugar Plantation 4 1500 6.0 2.750 

4. Abn Naama 4 1400 5.6 0.430 

5. El-Guneid 4 1000 4.0 1.500 

6. Tumbul 3 500 1.5 0.200 

7. El Ghirba 4 515 2.6 0.223 

8. Assaliyya 1 5 1148 5.7 1.528 

9. Assaliyya 2 4 750 3.0 1.120 

10. Assaliyya 3 4 625 2.5 0.810 

11. Assaliyya 4 3 364 1.1 0.250 

12. El Hadad (W) 3 515 1.0 0.130 

13. El-Hadad (E) 2 268 0.05 0.030 

14. El-Jamuliyya 2 331 0.66 0.080 

15. El-Cuneld 2 1000 2.0 1.667 

TOTAL 59 58.21 16.702 
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capacity shortages. However, it has been estimated that another 5 MW 

be achieved by implementing an interruptibleto 10 MW demnand shift can 

The main purpose of further control
rate for the water puping loads. 

is aimed atof municipal and agricultural pumping load management 

the load curves rather than reducing total energyreshaping use. 

that during the peak
For the short-range analysis ithas been assumed 

hours (7p.m. to 10 p.m.) only 50 percent of the available 
water pumping 

The growth rate for the water pumping load is load can be deferred. 

be 7 percent for the study period 1981-1986.assumed to 

Table 8.2 includes the summary of tot6al water pumping loads which may be 

to reduce the peak denand.directly controlled by the PEWC 
TABLE 8.2
 

TOTAL ESTIMATED PEAK REDUCTION
 
DUE TO CONTROL OF WATER PUMPING LOADS
 

Modil
Total Available Forecasted 

Peak
Pumping For Peak Peak
 

DemanG
Demand
Loads Reduction 

(MW)
(MW) (MW)Year (MW) 


198 192.2
5.8
1981 58.2 


231 
 224.6
6.4
1982 64.0 


262 
 255.0
7.0
1983 70.4 


281 
 273.3
7.7
1984 77.5 


304 
 295.5
8.5
1985 85.2 

319.7
329
9.3
1986 93.7 
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8.3 INDUSTRIAL LOAD SHIFT
 

anfor electric energy continues to grow at 
As the aggregate demand 

the ability of PEWC to continuouslyrate in the BNG systen,exponontial 

to be less certain due to two 
meet load requirements are beginning 

first of these constraints -- the potential
principal constraints. The 

resources -- is becoming increasingly important to 
shortages of energy 

The secondas industrial customers. a number of relevant groups such 

load require­the BNG system's ability to meet
of these constraints on 

is the necessary duration and complexity of power development.
ments 

a growing public awareness of imminent 
The second constraint has caused 

load shedding has
The need for load reduction through

power shortages. 

made these shortages particularly apparent. 

service
of balancing the short-range supply/demand for BNG 

One means 

a policy which supports a shifting of the 
area is the development of 

peak power demands of individual customers within the daily load require­

to flatten out the daily load 
ments. Such demand shifts would tend 

thus postponing the need for increasing the generation capacity. 
curve, 

customer offers this opportunity. The commercial and 
The industrial 

extra time to arrive at any general
residential sectors would require 

character­
due to the diversification of their member's 

recommendations 


schedules of electricity usage patterns.

istics and 
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In the BNG system during day-light hours almost 50 percent of the 

customers. In the develop­
peak demand is contributed by the industrial 

concern 
a load shifting policy for the industrial customers,

ment of 

the 	feasibility of its implementation and its 
should be focused on 

a basis for selection of industrial customers 
likely side effects. As 

load shift feasibility study the following three criteria should be 

considered: 

curve other than the traditional 
1. 	 Fluctuation in the daily load 

start up and stop day operations and lunch. 

A low load factor where load factor is defined as the ratio of the 
2. 

a given time period to the maximum demand,
overaverage demand 


occurring in the period.
 

a month where billing demand (maximum
A low number of hours within3. 

half-hour) is used. 

8.3.1 FEASIBILITY OF SHIFTING ELECTRIC POWER DEMAND
 

a 
When the question of feasibility is considered in developing 

policy to flatten an industry's daily load curve, a number of 

economic, social, and technical issues must be brought into the 

analysis. These issues are not independent. There are obvious 

economic and
social trade-offs to be made for any

economic and 

soci al changes. 
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which could improve the
While there are technical investments 

they usually demand large capital invest­
efficiency cf power usage, 

may come from investment in new equipment or 
ment. The improvement 

the placement of controls of old equipment such as demand limiter 

permissive load controllers or computers. These regulate
attachments, 

supply.on the total power
machine operations according to their effect 

relative to other industrial operating
At this time the cost of power, 

capital
costs, is not significant enough to encourage such marginal 

of the ten industries may be concerned enoughoneinvestments. Only 

investigate the power consumption of 
with its monthly power bill to 

individual equipment. 

as a means of flattening out
technical 	 investmentsAn alternative to 


to vary the current labor and/or machine
 
the daily load curie is 


which would redistribute the power
a manneroperating schedules in 

effective schedulingschedules, more
peaks. With respect to machine 

may discourage simultaneous operation of high powered equipment. 

Thus, equipment may be rescheduled to off-peak hours (11 p.m. to 

avoid a completehe staggered to
7 a.m.). 	 Scheduled work breaks may 


of the plant and minimize the resultant start up peaks.

shut down 


input to
which require a high power
Rescheduling of labor shifts, 


another option.
off-peak time periods is 
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Year 

1981 


1982 


1983 


1984 


1985 

1986 


System 

Peak 

Demand 

(MW) 

(1) 


198 


231 


262 


281 


304 


329 


TABLE 8.3
 

A14 ESTIMATE OF INDUSTRIAL
 
CUSTOMERS LOAD SHIFT AND
 
SYSTEM PEAK REDUCTION
 

Maximum Peak 

Demand 

(FM) 


7 am to 2 pm 
= 0.92 (1)(2) (2) 

212.5 


241.0 


258.5 


280.0 


302.6 


Contribution 

of hldustrial 


Load 

(3) 

(MW)(3) --.50 (2) 


106.2 


120.5 


129.2 


140.0 


151.3 


Estimated Load
 
Shift Feasibity


inMWv
 
(4) 0.25 (3)
 

(MW)
 

26.5
 

30.1
 

32.2
 

35.0
 

38.0
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schedules,
When considering the feasibility of these alternative 

the variety of production proces:es involved limit the degree of 

be made for the industrial customers. It is 
generalization that can 

are 
for this reason that individual interviews with companies 

scheduling.
to a generalized study of industrial 

necessary as opposed 

MW load shift for the study 
Table 8.3 includes an estimation of total 

percent of the peak demind 
period. It should be noted that almost 11 

This will allow a signifi­
can be shifted to off-peak hours in 1982. 


systems corrponents
and distributioncant relief to transmission 

of the cascading outage events 
this will eliminate someloading and 


and load shedding requirements.
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EXISTING POWER PLANTS AVAILABILITY IMPROVEMENTS
 

performance improvements refer to increas-
Power plant productivity and 

ing the time that a plant is available for operaticn, reducing the time 

that a plant is not available at rated power and irTproving plant online 

power plant productivity has been
efficiency. In the PEWC system, 


adversely affected by:
 

1. Deficiencies in design and manufacture of plant equipment. 

construction of power plants.
2. Deficiencies in the design and 

and maintenance practices.3. Deficiencies in operating 

4. Deteriorating fuel quality. 

system is 270 MW,
Even though the 1980 installed capacity for the BNG 

This includes 30 MW (10 MW at
 the available capacity is only 209 MW. 

Rosieres and 20 MW at Kenana) capacity restrictions due 
to transmission 

MW of rated generating
In the thermal systems, over 31
1:lmitations. 

to various reasons such 
units capacity is not available at present &-e 

The operating diesel and steam units forced 
as shortage of spare parts. 


also in the range of 25 to 30 percent

outage rates are 
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steam and even 
The present availability improvement in various diesel, 

result in systemvide improvement
hydro units in the BNG system will in 

of the system.
the weighted average of the Forced Outage Rate (FOR) 

will lead to benefits in capacity
Power plant availability improvement 

reserve requirements
and fuel use. The capacity savings will reduce 


The availa­serve the forecasted load. 
for the short-range period to 


rate
 
be improved by decreasing the generator forced outage

bility can 

The forced outage rate is the factor that
 
or scheduled outage rate. 


influences system reserve and capacity 
improvement and any improvement
 

come from reduction of the forceo outage 
in availability that does not 

reserve and capacitynot yield the promised
rate (random outage rate) may 

savings. Although availability improvement may increase the generator 

system reliability,all over may not contribute directly to
readiness it 

improved system operations or quality of service since these factors 

are influenced directly by the F.O.R. 

The capacity savings due to availability 
improvement will not go
 

Part of this savings will contribute
 
totally to support the system load. 


to system load and the other part 
will contribute to improvement in
 

To determine the capacity savings
 
system reliability or system reserve. 


to the system due to improved reliability, an analysis using LOLP or
 

should be conducted.LOLE approach 



-- 

-- 

TABLE 8.4
 

EFFECTS OF GENERATING UNITS
 
AVAILABILITY IMRPOVEMENTS
 

986
1983 1984 1985
1902
1981
Items 

329
262 281 304


198 231

1. Peak Demand (MW) 


389
389 389
219 

2. Dependable Capacity (MW) 209 349 


5 5
5 5 

3. 	Availability Improvement of 

3 


Existing Units in Percent
 
22
25 26 24
26
33.0
4. 	Reserve Requirements 


for Reliability Purposes
 
12 -13
+21.5 +35
-72 


5. Capacity Shortages (MW) -54 

+15 +17
+14
+13 


6. 	Net Capacity Effects of 
+ 7 


Availability Improvement (MW)
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approximatelyVarious studies in California and Michigan have indicated 

one percent of the system reserve requirement can be reduced for one 

rates. For the BNG system
percent reduction in system forced outage 

can be reduced by 3 to 5 percent
during the short-range period the FOR 

are developed. The availa­
if proper preventative maintenance schedules 

results in significant reduction of short­
bility imlprovement program 

range capacity and energy shortages. Table 8.4 indicates the probable 

program for the base case
effects of an availability improvement 

reserve margin requirem(nts
scenario #1. It should be noted that the 

for system reliability purposes have been reduced by 5 percent whun 

the net effects of availability 
corpared with Table 2.5. In Table 8.4, 

study period is 
improvement of generating units by the end of the 

an increase in the system reserve level.
approximately 17 MW, i.e., 

,BOTTLENECKS'OF TRANSMISSION8.5 REMOVAL 

several transmission and distribution
In the PEWC system, there are 

The modest increases
 
'bottle-necks' due to inadequate system planning. 


in the past have notby the corporationin generating capacity made 

and distributionmatched by corresponding substations,always been 

network capacities. One unique exampole is the inadequate transformer 

of the plant by 10 MW.limiting the outputat the Rosieres plant which is 

Another example of transmission 'bottle-necks' is the inadequate 

is reducing the BNG 
transmission capability of Kenana plant which 

The replacement of the transformer at the
 system capacity by 20 MW. 
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of the top priority projects for the short­oneRosieres should be 

range period.
 

of the T and D systems bottle-neck 
It has been concluded that the removal 

and transmission capacities,will release significant generating but 

more capital intensive when compared with load 
such projects are much 


the T and D system improve­
and conservation efforts. Also,management 


lead time, which means 

ment projects will require 2 to 4 years that 

shortagesolve the short-range energy
are not going tothese projects 


system impacts of T and D system
 
probloms. Therefore, the detailed 


are not analyzed further.
improvements 
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FACILITY REPO";ER STUDY 

Site Su.vev Dta 

UTILITY 


PlANT NAME
 
AD LOCATION 

PERSCNNEL CONTACTED:_ 

cNAME, POSITION, TEL._
 

UNIT SURVEYED
 

OnlR UNITS AT SITE 



____ 

133
 

SITE 11-p%TION 

SIT' AREA_ 

SITE 
MISC 

PLAN AVA:L-DL.? 
.I. s SaC Cavaila_1l2 q..ofBuldinc for as -urb"¢,b',F'' anL . 

MISC s-as __ 

STEAM TURBINE GE ;EATOR 

--------- TMPE
TYE________ 
j4FG._________________ 

YEAR INSTAtLED-______ower 
RATI K " actor 

volts, _L'V SCR 
,PSIA,0F 


_LS/I
-


COONDITIONNSTHROTTLE 
__RPMinches gA, 


OF SEALS_
T--pE 


EATUACTMON POINTS 
 " N ER OF STARTS_
 
SERVICE TO DATE _
 

TYPE
 

NUMBER
 

CAPACTY
 
---- " '--


STEAM CONDITIONS-
EXISTING STACKS
 

pvpi~nblL ­?emvedu soace s 
BOILER DUILDING (e.I.. With Ioilr ILSG.)Turbines and 
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COADENSER 

MANUFACTURE ­
"HgAL3S/HR AT1) .. X. RATING 
GPM _ F AND FLaWlCIRC. WATER TEMP 

SQ.FT. DIVIDED WATERDOX yes no 
SURFACE AREA 

ec/lDEAERATION LEVELNO. OF PASSES 
"OD B.W .G.TUBE SIZETUBE MATERIAL____ 

TUD. LENGTII -_ft. .TUBE SHEET MfATERIAL 

STORAGEHOTWlELL 

CONECTIONSEXISTING 


TUBES PLUGGED?_____
 

RECORDS (RECENT O'ER-PAULS, RETUDING, MAJOR REPAIRS,
2) M%INTENANCE 

FORCED OUTACES, ETC.)
 

3) CONDENSER AUXILIARIES 

VACUU PUMPS____ 

AIR EJECTORS__
 

HAVE A MAIN STEAM BYPASS TO CONDENSER?4) DOES UNIT 

i 
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SYS'11ML"C!RCULTA'.TI? O WAVIT 

_I .... _O._1) CIRC. WA TER PlU .. 15S 

'T. OF HEA) TYPE 

BEARING LUBRICATION ..RPM-I 

MAU FAC't nlR _- _ ,,, 

HP AT DESIGN
%
EFFICIENCY-

_MIUTENANCE 

...
2) INTAIE - TYPE_. 

TRVELING SC EN., TRASH RACKS 

yes, _,.....COOLING TOX'IER no, 

http:C!RCULTA'.TI


__ 

__ 

---- 

--
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CODENSA'1- PUMPS 

NO._______A GP.I FT. OF 1WLAD RP14 

EFFICIEN;_CY _ 0/SvIN__P AT 

_ _ _ _ _ _ _ _ _TYPE_ 
VOLT,

SUBMEflCNC /N PSH___ 

iHP, .. _.plkSE,_ HERTZ, ..V 
RATED MOTOR _ 


UPM TYPE_____
 

BOILER FED P4PS
 

t.WANUFACTru RE R_._ ,
 

GP.14,

NO.....
3) PUP DESIGN 

AT 


---------- HP
_RI,FT. OF HEAD, Rum__ rFCIENCY 


_ 
 _ _ ______ 


FT
 

TYPE___________ 

NPSh ----------

PHASERAT D.yes, o 

P_____HP,2) MOTOR DRIVE no 


TYPE_ -_
VOLT, ____ _RPM, 

LBS/HRFLOW
3) TURBINE DRIVE yes, no RAED 


OF PSIA STEAM FROM_
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T).AEOR 

MANUFACTURER _ 

) DESGN TYPE_______________________ 
.LB/A)R OF. PSIA 

0 F CO1)r&SAT£, _LB/R 

LD/IR OF 

PRESSURE ,,PSIA OPERA '- ING 
SF OPERATING, 

STEAM , _L 

OF 

LB/HR OF 

0_ _ PSIA DESIGN 

F DESIGN, 0. , 

/ P. 

/ 

C F 

2) MAINTENANCE RECORD_______________________ 

VAER TREATMENT 

1) NAJ'r-UP WATER TPFXArM'w 

TYPE, SIZE, ETC.__ 

PLA±'T 

WATER ANALYSIS AVAILABLE? 

ADDITION4AL WATER AVAILABILITY_____ 
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FUTL SUPPLY SYSTEM 

1) riPE OF FUEL AVAIW'L).: 

NO. 2 OIL 

NO. 6 OIL__ 

NATURAL GAS_ __ _ 

A14D ;-rn-, 

___ 

E CA1'ACITy 

__ 

OTHER_.. .. 

2) SUPPLY CAPACITY AND PRESSURE 

NO. 2 OIL_ __ 

NO. 6 OIL 

MUiT. GAS 

PIPELINES TO SITE . . .. 

P 

GPM 

CF __.... 

._PSIA 

MIA 

PSIA 

OTIER_ _ _ _ _ _ _ _ _ _ _ _ _ 

3) 'UEL RATES FOR OTHER L.MITS 

UNIT 

UNIT____ 

UNIT_____ 

UNIT____ 

UNIT______ 

UNIT____ 

________________________ 

________________________ 

_________________________ 

___________________________ 

_________________________ 

UNIT __..... 
UNIT 

. 
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ELECTRICAL S1:ITCIYAflD AND St1S-,A 7,zC% 

EXISTlG E0UIP.:EKNT 

3.) TPKANSFORM'EfS____________________________ 

KVA RATING OF STATION_ 

2) TRANS.SSION VOLTAGE 

3) GENERATOR VOLTAGE 

4) SUSTATI ___ 

KV 

K_ 

5) R.O.W. FOR ADDITIONAL rr.ANS.IZSSION?__.... 

6) O iER _. ... . ..... 



145
 

ELECTRICAL St.ITTCI!YARD 

EM'STING EOUINIENT 

1) TRAZSFOlUlERS__ 

;D StMfS';Arz O.N 

KVA RATING OF STATION _ 

2) 

3) 

4) 

TRANSZISSION VOLTAGE 

GENERAIR VOLTAGE 

SUSTATIO____ 

.... Kv 

KV 

5) R.O.W. FOR ADDITIONAL PRANSM.IISSION _._ __ 

6) O'. ER_ _ _ __.... 
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POWER SYSTEM PLANNING CRITERIA EVALUATION AND JUSTIFICATIONS
 

SHIBU B. DHAR
 
THE DETROIT EDISON COMPANY
 

DETROIT, MICHIGAN USA
 

ABSTRACT 

The purpose of this pawer is to discus the necesity for power sys-
tem planning criteri, evaluation and justifications. The greatest con-
flit13 in the development of power system planning zriteria is the lack 
of meaningful measures of performance requirements of three major 
system components: generation, thrwnifhon and distribution. 
Recently, there are other factors that have been introduced in 
the planning process wnich must be given much greatr consideration 
than in me pas. These are social and environmental considerations. 
The optimum strcture of bulk power systems will undoubtedly con. 
cern engineers for many generatiorn to come. The paper speculates 
on Planning criteria for the optimum balance in structure within the 
system to achieve a given standard of sytem quality and reliability of 
the system as a whole with respect to the consumer. 

1. INTRODUCTION 

Power systems are designed and planned so that for any predicted 
future loads and sytenm condition, the generation and transmission 
caacity will always be adequate to prevent any single incident from 
precipitating a second incident. This planning philosophy will prevent 
the first stage in what could develop into acaacading series of events 
and a split-up of thesystem. The power system load grows more orless 
continu, usly, but the trar.,nimson and generation equipment is 
added in finite steps so that the operating margins change and the 
operating limits may alternate between genertion and transmission 
systemL It is uneconomical to add too much capacity too soon. 
Therefore, the system planning obje tives can be defined as the pre-
partition of a rational program for the orderly and economical 
development of a reliable electric power system. 

Figure 1 is a block diagram for the various processes involved in 
power system planning. In order to determine the future system 
capacity, the system planner requires forecasts of the peak loads, 
The planner needs detailed load shape and load duration forecam 
throughout the year to determine the most efficient generation mix 
(base, cycling, and peaking.) To ensure the ystem's ability to meet 
the instantaneous load demand, it is also necessary to know how 
the future load will be influenced by the weather and by other 
short-term external factors. Overestimating the demand may result 
in the premature addition of generation and transmission facilities, 
Underestimating the demand, on the other hand, may result in in-
sufficient genration and transmission capacity to serv the load, 
leading to possible unreliable operation and load curtailtments, 
Figure I also shows the various constraints which often dictate 
planning and designing processes. 

The development of power system planning criteria is a matter of 
balancing the cost of providing additions to the systm on one side, 
agaimt thmerisks of intarruption of supply or socio-economic and 
envirnimental degradation, etc on the other side. In many caes, it 
is hard to put secific fogusr; on the risks; hence, judgment and 
experienc intervene. If planning proces is to p am , resontably, 
Uion its bae must be aptale to various inmets involved in th 
decision making Acqdingly, it is necesary first to draw up a set . 
of tentaive I . and/or crtria by which plans co be con-
tcued, ad or cm iekd. Such standards am vital to giving the 

planning jo; m a cansrisnt bei from one ye to anothir and 
from one ws to nother. The set sards or planning cfitri must 
be: 

e Clealy understandable to thou making decisions. 
a Usable from the systmn planner's point of view. 
* Not unduly restrictive from the point of view of design or con. 

struction departments wishing to develop new designs or layout. 
e Agreed upon and accepted by those interested and 
. Suolect to amendment or alteration in view of experience. 

In the power system planning process, the optimum structure of bulk 
power systems will undoubtedly concern engineers for many genera­
tions to come. What is the optimum balance in structure within the 
system to achieve a given standard of system quality or what is the 
optimum quality or relinoility of the system as awhole with respect 
to the consumer? Ideally, system reliability should be improved to 
the point where its incremental cost equals its incremental worth. An 
obvious application is the reliability of a bulk power supply system 
by adopting a ut of criteria. The cost of satisfying a particular 
refiability or planning criterion, whether deterministic or probabilis. 
tic, can be determined. Figure 2showsa curve for incremental change 
in reliability vs. incremental cost S/kW. In reality, there is no corres­
ponding way of determining the worth of reliability. Consequently, 
the worth of reliability must be be on quantitative estimates. As 
the situation now stands in power system planning, most of the 
reliability or planning criteria are established with little regard to cost 
and without knowing what value the consumer would pice on relia­
bility if he had a choice and knew wort it meant. In the following 
sections, the different planning criteria and their justifications are 
discused. 

2. SYSTEM RELIABILITY PLANNING 

Determination of an adequate measure of reliability or service quality 
at the planning stage of a power system is a difficult task. It seems 
that no single criterion of system reliability is completely descriptive 
of the system's ability to supply satisfactory service. From a system 
reliability viewpoint, it is neceary to: 

1. Define the reliability goals. 
2. Evaluate the failure mode end effect. 

In developing system reliability models, one must realize that all sys­
tame and equipment are subject to failure end that the real problem is 
to properly balance system reliability requirements against system 
costs. The developed reliability crtna must recognize and take into 
consideration the physical phenomena of the power s'/stem such as 
random outage of systm components, potential network limitations, 
errors imbedded in load forecasting, starting time of gnMerators and 
switching circuits, etc. It is imperative to coint out that appropriate 
planning criteria must be ale to determine optimum generation 
rerm, types, size, and location as well as supporting inter- and 
intre-tranjimison facilities. Also, careful attention mutt be given to 
operlting policies with respect to generaton and transmission reserve 
levels, maintenance procedures, and protection policies. To acom­
plisl this, one must firt establish the decision rule, i.L, Me criterion 
for making pilning decisions. Secondly, one should express the 
effectvelss of each in terms of some physical attribute. The general 
proc1edrv involves developing mathematical models which simulate 
the posible outcomes of each planning policy ilterntive, In this 
wey, it isPossible to compare them and choose the optimum policy. 

In power system planning criteria evaluation, the question of the cost 
remources required for alternate stratLies reliability evaluation is a 

A poe, recommended id qppnm d f(or pimedon ftthe 1978-IEEE Candan Conference on Communsctions and Power.Montreal, 

October18-20, 1978, 



___ 

- -

___ 

-- -

H TORIC*CAITA COSTS"EERY
 

T LOAP. RIDTO 
uiDT E OEa k LYSDRON 4 EXPPNIOSION EPANSO 

WEDATHE O D LOA. N: 'SIMS 

O APOPULATIONCS 

* SITE POTENTIALI I 
SRELIAILITY CVITERA 

* RIW REQUIREMENTS E 
* TLCENSING S REGULATOY Cr,,NEAINTS
 
n uTILITY FINANCIAL AILITY
 

FIGURE 

POWER SYSTEM PLANNING PROCC OS 

part of the information that ena~rs into all planning decision pro-
blems. The problem can be sttecd .is:What isthe most cost-effsc. 
tive methodl to improve the staady~stata evalabilit' (or reliabilityl 
of a given system from a base line value to a given avilability (or 
reliability I oal? lHowever, in system planning. it isprobably safer to 
approach tme problem first in terms of system needs, secondly in 
terms of cost, and finally to re-evaluate and adjut the citeria, 
Relationships must be Oeveio,'ed for each planning criteria between 
the cost and its associatedl improvement in sytem reliability. The 
gol in any tradeoff tudyv is to dletermine the mot cost-effective 
method of proceedling. It shldI be noted that ths relationships aremodelCOSTS
 

I-DEVLOPM0 SHAPIPLAnot necessarily linear or even continuous funct"ions. In recenlt years. 
probab~ility methods have been developedl so that it isnow possible 
to design and plan a complete power supply Syte baesd n Cust. 
oar service quality. But, the question is: what is the acceptable 
qulity of sevie In developing the planning reliability criteria, 
more emphasis should e given to cutomer service quality criteria 
rther thlan bulk power syte reliability criteria alone. This wil 
provide equitable service quality to al cutomers, 

3. FACTORS OF UNCERTAINTY 

There are many problems associated with developing planningcutra 
or measures of effectivnes In the first place, it isnot alway poss-. 
ible to exrs quantitatively all the factors of iners in a model 
Many of thee factors canot be well defined nor their Ignifance 

interpreted.WEdequtely ecOAdly, the memTS of a ystems effRc 

tvemcan change over time. What may be efetv or satiactory 
today max, not be effective tomorrow, due to the fact that one may 
choose an incorrect measure of effeotivenm whic~h defines math 
metPIc models. Unfortunatly, many lelmnts in a system planning
model cannot be well-defined. For exampl there mIy be uncertSTnty 

abut th assumptions repeene by th varibe in planing 

A numbererf reina vls pmntshaveupset wIIestaMllleled pasm 

incuP: T 

(1) The inEEAa cnrwv 

(31 The rntamdl fmanela diffities.-(4) Subtalnly h Iborce CRITEILITY- RELIAB 

(6) Exeeolar y memeses m the -mof fue. 
(6| The drmatically higher elctrc rGs. 
(7) ,nprt mtanyetars in stionphooleinformauto llening d c 

offloi PtW and finallytoon linea. 
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In the procn of selecting power system planning criteria, the impact 
of these rypes of unusual developments be Ar;'Ouldl recognizedl. 
unique example is the cap~ital costs for nuclear power plants whlich 
appeared to be quite optimitic in the planning studies in the early 
1960's and were revised in the late 1960's. A few years ago, sweeping 
generalizations were madle in the U.S. regarding future fuel prices to 
use forgeneration studies. Today, however, system planners are basing 
studies on future coal prices, which have risn 150 percent to 200 
percent over their previous value. Theta veriations natjrllyv affect 
the development of optimum sytem planning criteria. Because of 
this change in the economic clin~ate, the electric utilit indutry has 
entered the greatest period of uncertainty as to future load growth,-
fuel supply, euiPment andl material deliveries, contruction lead 
times, environmental standardls, and licensing and siting regulations. 
Most imporant point to recognize in the development of polanning 
criteria is that thee factors of uncertaint will always exist and thC 
future system mut be ale to cope with mes uncertainties. Figure 3 
sthows the posabje errors in pealk load foreicast. It Miould be notedJ 
that as lead time increase, the percent error also increase almcis 
linearly. In the planning criteiria for power sytes, theI factors of 
uncetrtainty whiichi must be rcognized are: 

.
 

<
 
SY
 

2 

-J
 

Mp ACTli
 

FIGURE 2 
ge 

INC udRieTAL CHANGE IN RE lAnLITYs 



(1) Service ,mtas of new generation and new tranmisson. 
(2) Load forecasting err. 
(3) Contingencies and outages. 
(4) System operating conditions. 
(5) impact of outages. 
(6) Scteouled maintenance. 
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4. 	 CREDIBLE AND NON-CREDIBLE CONTINGENCIES 

The necessary credible and non-credible contingency criteria in 
power system planning are the degree of abnormality which the power 
system should sustain without serious consequence t3 customer or 
equipment. These criteria are usually esablished based on day to 
day operational experience over the whole load cycle, including qia 
effects of equipment outage on system capability and engineering 
economics. A credible contingency is one that the system has been 
designed specifically to meet. It is considered as an event and be­
cause of its frequency of occurrence in the past on a certain type or 
class of equipment, it can be expected to occur in the future on the 
same or %milar equipment. Power systems are designed to meet 
credible contingencies at an acceptable cost. The expected frequency 
of the event over any part of asystem can be calculated, and with or 
without this calculation, measures can be made at an a etable cost 
to ensure that the event does not cause a loss of supply. Simple 
examples of credible contingencies would be the outage of a genera-
tor, transformer, reactor, cable or transmission lines. Credible contin. 
gencies on more important pars of the system include some simple 
combination of single events, i.e. generator plus a transmission equip-
ment or genen'tor plus two transmission items. The credible contin-
gencies that arc usually covered by the power system planning and 
operation criteria are listed in Table 1. 

I 

TABLE 1 

SUMMARY OF CREDIBLE CONTINGENCIES 

Crilte Conunpncv Generllv Accagtl Critirti 

A, Geneatonlse O t u 10 1. Larges unit or two tirnes awib unit 
2. 	 One circuit or two circuits 

1. 	 Local fault 
22. Trmuenisawo fault 

B. Trnmumoeo Lou 1. Generally one circut., couble circuit 
cinspcialcircurmntrclirs. 

INS1.Local flt 2. Two-sngne circuts or Olti.OoU0i1 ci­
2. Transwnimonsyrm iault cuIt tower outl wthtt etoIftemI 

overioad on rep.ing cicuiu 

C. Combined generation am 1. Lari unitan one circuit 

trmnunssion los 2. in some ixtrairoina, clrcurnstbrcat 
&IJ € on of a line or a uiellllcombint 

1. 	 Local nortwot &nd generating unit may lIt to over 
2. Traneleision system i loboOno "Mad restriction 

The concept of credible and non-credible contingencies discussed 
above is part of the power system operation and planning process. 
Before implementing any system planning or operating criteria, these 
must be assessed and their severity should he carefully evaluated. As 
might be expected, there is a significant difference in the approach 
IV which thes abnormalities are evaluated and incorporated in the 
pl&\ning process by electric utilities. However, the basic planning 
philosophy is to design a system which can sustain all credible con­

tin,encies and reduce the risk of all non-credible contingencies at an 
affordable cost. 
In the United States, the Federal Power Commission (FPC) Avisory 
Committee's report recommends studies oi the following extreme 

contingencies in interconnected rstem planning process: 

(a) 	 The outage of any power plant, both under steady-state conc;. 
tines and following a miree-phase fault. 

(b) The outage of the most critical circuit as a result of a three-phasie 
fault, during the outage of another critical line on the same or on 
an adjacent system. 

(c) 	 The outage of an entire transmission substation on any one of 
the interconnected systems. 

(d) 	The outage of all transmission circuits on any one common right­
of-way as the result of simultaneous three-phase faults. 

it) The sudden dropping of a large load or a major load center.
 
If) The effect of power twing arising from outside disturbances.
 

The planning criteria should be developed such that the power system 
can withstand all credible contingencies without Ios-of.load. 

5. 	 SYSTEM STABILITY REQUIREMENTS 

In power system operation, stability is that attribute of the system 
which tnables it to develop restoring forces equal to or greater thin 
disturbing forces. The system settles in a finita time to a new state of 
equilibrium. In other words, t power system is noable under certain 
specified network conditions, if, upon being disturbed by some arbi. 
trary forces, it tends to come back to original operating condition. 
The phenomenon of system stability constitutes a technichi limita. 
tion in planning studies of power systems la well as in system opera­
tion. The simulation of sstem stability under both credible and 
limited non-credible contingercy conditions is an integral part of 
power system planning. The developed system planning criteria must 
explicitly specify system stability requirements. The basic stability 
criterion which must be considered in the planning process isthat the 

Non-credible contingencies am those not foreseen or those not con-
amic to guard against in detail, including a single event which is very 
improbable or combinatio isf seveal eents. Any single combination 
of credible contingencies Iorms only one of many hundreds or even 
thousmad of pWibe comntionts.Becaaae of themany posibillties, 
ame non-credible coltingencies cannot be spocifrilly safeguarded, 
but their probability of occurrence may be considerbly higher than 
an estimate of the pro ability as a combination of the number of 
uncorrelated evens would wggft. The 1965 Northeast power failure 
in 1he United States and the freezing fog conditions in England and 
Wales whi resulted in widespread and multiple trippings of irns-
mismon lines awe eamipia of such non-cradible contingecsL, 

generators must maintain synchronism at the end of each transient 
period. The term "tramient period", here refers to a system diitur. 
bance or dynamic behavior of the systnem. 

Power system stability is a function of the control equipment, such 
as govmors, generator voltage rogulators, to-line load frequency 
control equipment, and the state of the tranmision network. There. 
fore, stability criteria should apply over the permisible operating 
range of generators, power output within leading and lagging reactive 
limits and network conditions. In the planning process, the generator 
vtability and equipment sadeguard re coordinated to minimize isols­
tiors time of faulty equipment within physical end economic con­

3 
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trints. The m-ngth of the power system after adiraurbince or fault 
isa very important factor and can be controlled in th planning and 
osgn of the system. Figure 4 illvtrates the imporwnce of apower
Istem's renr th. The critical fault clearance time isplotted apginst
the snortcircuit MVA infeeC from thesystem for thecondition when 
the 	 700 MW generator is oerating at unity power factor. At the 
lower values of short circuit infeed, :t major factor is the distur. 
bance caused by the loss of a circuit; i.e., the fault itself is not so 
important r the lowest values. The generator is unstaIte simply 
recause the circuit is lost. The magnitude of the disturbance is very
cdmendent on the power flows before the circuit is lost and the shape 
of the curve can vary considerably. However, the general inae of the 
curve does inditate that it is desirable in the basic planning and 
design of the power system network to keep the short.circuit infeeds 
above a certain minimum value, thus.voidingthe setestpart of the 
curve. Of course, this is only a very rough guide to the stability of a 
power station, but it can be used to differentiate between those 
situations where stability is of no concern aidnthose where stability 
requirements will need to De freouent~y reviewed because of system 
expansion. Many types of stability rnave been referred to in the litera-
ture, but there are nu clearcut distinctions between them. In the 
Power system Planning Process, the following three stability condi. 
tions are usually examined: 

e 	 Ste dy.Stae Stability 
a 	 Transient Stability 
a 	 Dynamic Stability 
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A detailed discussion of any of theie stability conditions is out of 
the scope of this paper. The developed criteria for system planning 
should include the following stability requirements: 

1. 	 Under nomal operating conditions Me system should be stable 
in the dynamic sense. 

2. 	 With all lines in-wrvice in the precontingency stare, generators 
shall be stable Subsequent to a single contingency cleared by 
primary relay protection. 

3. 	 With all lines in-service in the preiontigency se geerators 
Shall be stale subeeouent to a double contingency cJered by
backup rehly protection. 

4. 	 With a circuit out-of-service in the pnecontingency state. genera-
ton Itil be stable for a single contngmcv cleae by Primary 
relay protection. Operating restrictions such s controlling gen-
eatwor reel power output for extraordinary situations will be con-
sidered. 

5. 	 For Situatons which exceed thee crisria the uns ae generator 
shall be disconnected from the network by direct positive action, 
ia., by out-of-sup relaying on the generator or by protective
relaying, The means used to diesonn ct an unstable generator 
shall minimize degradation of tuwrsinon network and Ils of 
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logo. When getwraor out-of-step protacoon is ineffective. Wins­
minion circuit out-ofstep blocking and t sn r tripping of gen­
ertion will be considered. 

It should be emphasized hem that tis discussion is concerned only
with the aproaich to stability studies which should be consie 
in The systm planning process of a general power system. It is not 
intended to outline e absolute anower to all stability-rnlatad study 
requirements or to deal with problems ofconcern only to some power 
system such as subsynchronous revonance, HVDC lines, or others. 
The above mentioned criteria for system stability studies am by no 
means complete; hwever, they indicate the nature of the stability. 
related problems which a System planner must be aware of at the 
ptanninG stage. 

6. 	 SHORT CIRCUIT KVA CONSIDERATION4S 

In the power system planning orocess, it is necessary to calculate 
short circuit currents curi.ig different types of fmult conditions to 
determine ade'iate protective relaying schemes. To adequately pro. 
teea apowr system ainst the snort circuits that inevitably will occur 
requires ra culation of shrtocircuit currents at the various switching 
station, of the sJystm. Usually, the three-phase short circuit aind 
the single-psne to ground short circuit with distribution of current 
in the network at least one bus awwy from eacn fault are conpaered. 
Table 2 indicates different types of faults on transmission lines for 
which snort circuit protactions are usually provided in system de­
sign. The statistical distribution of different faults it asio included in 
Table 2. In power system short range planning, it is necesary tomake sure that Zte snort circuit rating of every equipment in the 
tation is greater than the expected three-phase bus fault level at the 
station. 

TABLE 2 

OISTPIBUTION OF DIFFERENT TYPES 
FAULTS 

SCHEmA nc PERCENT OF 
TYPES OF FAULT ILLUSTRATION TOTAL FAULTS 
_ _" 

I1. SINGLE LINE TO7% 
GROUND FAULT 

THREE PHASE 	 5 %
 

FAULTS 

LINE TO LINE 	 15%
FAULTS 

4. 	 DOUBLE LINE TO 10 % 
GROUND FAULTS 

_ F 

As system load grows, there is a gnaw'posi bilityfora larger number 
of faults due to additional installed equipment anl also due to the 
fact that in th event of a fault. the larger KVA of generating plant is 
capable of supplying an incrawd sort circuit curren. Figures 5 and 
6 illustrte a system before and after expansion, recl iveiy. A care­
ful inspection of Figure 5(b) will Show ta the aidditiona line be. 
tween bus A and B has reducad the inherent * p dorm betwem bus 
A and B. This means that each fault after vito aqex sien will be 
mor Severe conpre to Tha in the oriinal symm For the short 
romp plarnkg criteria, the fault currmt must be within apeified 
internuting ratings of cimuit brekes aind relws with all facilities 
in service, and with getneacors and winthronis motors represented
by their aprprallte raictance (usually libiransierit). In the powm 
System planning proc , the sort circuit current arsing from inter. 
connection of two vystus also requires rueful evaluation. In Figure 
6, the fault on either wSlSm A or aymu 5 before interwinetion 
could be fed from lheirn p gnerating Wytet. Hower, with 
new interconnection X-Y, a faWt on either sw A or Wsm B 
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will require the whole generated KVA of both sytsms to feed it. 
Therefore. in the planning prem. it ii quite potIsilble that in a cer. 
tein location, some circuit breaker which was adequate for original 
system conditions may not be sufficient when new circuits or inter. 
connections are added. In the later case, either the old circuit breaker 
will have to be scrapped, or, alternatively, 'the impedances of the 
expanded systom will require an increas so as to keep short circuit 
current to avalueforwhichtheoriginalcircuitbreakerswere designed. 

BUS A 	 BUS B 

FAULT 	 FAULT 

(a.) 	 (b.) 

FIGURE 5 

SHORT CIRCUIT CURRENTS FED FROM 

ONE AND TWO GENERATORS 


SYSTEM A 	 SYSTEM B 

BUS BBUS A 

F0FAULT 	 Y 

AX 

FIGURE 8 
INCREASED SHORT CIRCUIT CURRENTS 
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7. 	 INTERCONNECTION 

In the process of developing planning criteric, the economic advan-
tapes resulting from the interconnection of neighboring power sys-
tems must be carefully evaluated. In many instances in the past, 

tointerconnections have been developed primarily provide local 

support to continguous areas of adjoining power systems. Effective 
interconnected operation now requires the utilization of high voltage, 
high capacity ties with capabilities corresonding to modem unit 
sizes. Weak interconnections which join adjacent regions are of little 

value in improving reliability and, in fact, can be harmful. The appear-

ance of strength by the mere presence of connecting links can be 

seriously misleading. The criteria for interconnection can be examined 
critically to determine whether the system has adequate capacity to---....--
refmain in operation under a wide variety of assumed system serious 
emergencies. 

Power system interconnection planning criteria should be able to 
identify and evaluate alternative bulk power arrangements in terms--.--­
of load requirements, reliability, capOility, resources, finances and 
social factor. System planners seek programs which can achieve the 
lowest construction and operating costs possible within the planning 

constraints of the utility or group of utilities. A detailed discussion 
of economic benefits of power system interconnection which should 
be considered at the planning stage is not possible here. since the 
agrements and clause of contracts regarding interconnection 
amistance among power con.panies vary Quite widely. However, in 
developing the interconnection planning criteria, the following three 
principl objectives must be thoroughly examined: 

(I) 	 The interconnections must be capable of supporting immediately 
any load ar suddenly faced with a serious and unexpected de. 
ficiencv in its normal generating supply. The network must have 

the capacity to handle, well within the stability limits, the auto­
maric inflow of emergency power from the genera.ors of the 
surrounding interconnected network. 

(b) 	 Tc transfer, without serious restriction, capacity and energy with. 
in regions to meet power shortages. Emergencies can arise from 
innumerable causes, such as delays in commercial operation of 
new generation, problems with new equipment, the failure of 
major generating units, or other elemrnnts of me system, and 
unexpected peak demands caused by weather extremes. 

1c) 	 To exchange power and energy in a regional and inter-regional 
scale, and to achieve important reductions in generating capacity 
investment and in cost of energy production. 

The initial studies for interconnection planning should also be able to 
indicate whether it will offer in opportunity for the interconnecting 
areas to share recrves by taking advantage of the following factors: 

(a) 	 Daily and seasonal load diversity.
(bi 	 The diversity in forced outages. 

(c) 	The opportunity for integrating planned maintenance outages on 
pool basis, 

(d) Possibility of bulk energy transfers over tie lines to take advantage 
of energy cost differentials between the areas. 

(e) 	 Improvement in transient stability. 

The other important factors which the planning criteria should recog­

nize for the interconnection support are: 

(a) Short term capital gain from the postponement of some genera. 

tion installation projects. This is, of course, contingent upon the 
type of interconnection agreoments signed between the com­
panies, for example: 

i) 	 Purchase of units for certain calendar years. 
(i) Transfer of energy. 

(b) 	The gain in the generation system reserve and reliability level. 
Figure 7 shows some of me tangible and intangible benefits 
which should be considered thoroughly in the process of develop­
ment of interconnection planning criteria. The other important 
subsidiary benefit which must be recognized is the prospect for 
bulk amount of energy transfer for economic reasons between 
the two systems at times when their marginal costs of generation 
differ. These advantages am significant, especially for small sys­
tems. 
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FIGURE 7 

BENEFITS OF AN INTERCONNECTION 

In general, well-developed numerical techniques are available today 
for satisfactory analysis of these problems. The same techniques can 
lead to the solution ofproblems such as extra network reinforcement. 
increas in permissible shot circuit level, use of DC links, etc. Re. 
course to thes methods is not, however, free and certainly increases 
the cost of interconnection - in all caims indepth technical Pnd econ­
omic study is necessary. It is important to note that interconnection 
of systems must be considered on its own merits, since it involves 

5 

' 0 

I 



Inc linee b t en W W * "(
" oo for Pr viin at tn u e ims)

axptiilt linorspretwvid ngli s st mSan 
switch gear rating to be employed at differet points in 

an im:: t n iystem. Among e problems of interconnected system coordinla. 

tin te division 01 ownershipteuitable sharing of costs And 
of in e r n aciliUe . Such problems appear to be e P5Cly 

acute where tn ystms differ greatly in size and in type of owner. 
ctonsupportintn~nn panning wl be done 

t n deloedtmis the €srs tlong-rng aAt Plans owr ela 
ship. It is ifport1a toTat unless one!a5f 

tol~ Wst~onmic€1 smde.influencing 
aon a short.trm, incremental basis.This can 1result in lower reliatilit

¢i beorean 


nd higher Cst. Th developed criteria must ts the adequacy on 


total sysemT beforeanec e i(6)
Ch 


PRESENT CRITERIA PRACTICES 

Pmiing Criteria tat genrtioeneration
(a)G r o rliably srve the forecast loads,n or 
 io planning 
hould be designed to meet or exceed the established criteria. 

critriaanalyztr t re the efestcatstbics.d ing 
t rit eriso bneratis stics.ana yze g planning uldti In ge nera*

Also,teC aoeted planning criteria should be rs.evaluated often to 
tio, planning. prob b ,listesrvcalculations are used to reducece r ria lt O 

the cited criteria can be used to c oare te e a hicre by
analze effctrs iOflu ng all r o am uised ts.The 

different utility systems or generation expansion plans which var bY 
,io vanirou abifleninstile d rirements. The 

reserve margins, plant tp, and cost. 
commonly used reliability measures are: 

fb Transmisson planning Criteria 

(1) Loss of Load Expectation (Probability) in transission planning is he determination of
A basic problem 

(2) Loss Of Energy xO rtion under ncimal and all possible system com 
arIlsmission adeqUaCy 
ponent outage conditions. Any stady state brnl of security under 

me), without regard for(4)LO of Lof Inayx l tIat and double c untingncYrt e eintended tmlleasunormal and contingency conditions (single
mease s wihrslsbcu~ I~etoolt eac calcultioahitiqe isy~ ~eahCluaintcnqeilneddt results because the system is in a particular state at a particular

It~~~~~~~~~~~ t ~ esowhichEof theme asuofeliai 
specific quantitiesoaSuch..Is.ha. oralooific quantities. such asthe expected magnitude of load lo 

i amount o energy not servtd, the resultS of one calculathe exlictition techniqu are not comparable with the resulu of another. 
Furth qeore,iwne of the calculation tchniques am intended to be 

anaFbs:utomeasure of system reliability: rather they are intended to
 

be u ful as planning tools and may be useful in comparing the rela 

tie levels of reliabili sbetween alternatNe resource plans. 

Aost electric utilitis in North Amori:2 calculate loss of load probe-
b electricutilit ie(LsLo of ~ ~ ~ ~ ~ ergy index,~ and~oadberei~the~~ expected magin bilitV~~~
tude of load loss. It should be noted tat none of the criteria isan 

ue a probabilisticexplicit par of generation sYstem planning criteria. They should be 
for reasonableness. Utilities geeralyfxmind

annual index as part of teir minimum installed Capacity reserve 
margin criteria. This reliability index reirments the probability triat 

serve adsaecified resource program will forec Ioad5 (demand) and 

allow for planned generation maintenance and rando forcid out­
agls far each hour o the year without uiringeMnrgen assistance 

of amounts considered normally avail-via intettonne'tions in exces 
esig reiat iloi criteria

ale. Son utilitn use a minimum 
gen aesig dtera 

It. ome noitied tha inim 
gie criterion dapsgeneration planning, 

no dmpoe constraint absolut minimum sp nning reserveany on
raquiraillt which is acommon operating practica. Therefore, 9" 

erution planning criteria should be dellmoped based on the principle 
any twosystem €omoom
not be anycobinstionOf twosystemthat for the common contingencY outgeS, there should (41 If, for silAPU t doblecirto weran o lt 

load nor adveli effect on neighboring syotems- Pfan"of y cm
ingo temaloud rcegnize the ness for load ls only for 
ning Cotage c snt..s that &ae credible but of such low prob-

such loss
!)ilty that it isnot economical 1 protect tia r
D The stablishdof load. The planning criteria should also recognizejf 

r =Put I " 
om areexperience d i o Wle of System rliabilitY andofd pr i minishing return 

aori.Therestabihe
 
expectation of future,generation syster71Pen 


must reflect dilf*ant interconIci~n operating
planning criteria 

4t
In~~~~~~~~ 


serve the forecast loads, the 9$ration 

in order torl iy 

Oexceed the following criteria:tor
Program should be deiU'0to 

(1)optimum LOLE criterion far isolated ol d inwConneictre 
(21 Optimum LOLE criteria for "e powr 

smns with toad los shrin and without lod dteinl 

At WWItth two largest)Percent 
b sereantd fan 

risk, orquick sunrt s n . n nls snl 

l 
o 

and re prc entcr 

lagest risk or cOntncy. 
10rW enl " uncetinty inload 

eeffects of wnather(4) The adop r tiashould also li lieo addbonl)0vaiations, oi¢ld be 1oa1 edi the 
i wfe edc aos1 CIo

ec'td mogitudde includets fforect The uncertainy, whic tr llo the 

to a commonrgquirfants i aninstalled reerv pr ilis tthe dedwhal 
nmmthe tloail 

tm nite ft deviaOn w 
fin r a gyt effect ofwrtem theiabi fli 
A c5) 


eit ct 
Instlled capacit margin criterion of x%, plus or minus two per. 

cent of the annual estimated peak demand. arentiond 
it should be noted that in the calculation of the above 

,u casnnn ued 4 w ve 
ita 
 uncertainties.Howe,as scheduled.be constructedss d totne units included in the generaion planning proglm arecriteria, all 

a sum aedegulo d legislative intervention or, On­
ltrUction delays are not included. Used 80 r1 ra eyt e bvn
such as increased reultOry delay" Ieg iate tebo 


beencin thatnt
loa . 

how long the Syta has been in tt quireatiuncl aofves 
time (is also impli.. leelatth itshutea fo 

caused the system to be in tmit state, will require adtionl facilities 
to meet te system reliability criteria. 

A general new oroject criteria for the transmission system can be 
postulated 0s follows: 

c any 
transmission component (line, breaker, traisforer, etc.) leain

(1) If, with all transmission and generation facilities i srvice, 
(LOie bentdtanodrt Mt h ult fs

Isoutside the apropriate normal ratings. then new fa s 

ualiy o sv sa rsrouired in der to meet tne 

(2) If, with all transmission generating facilities inservice, stion 
new facilities arevoltages are outside the defined limits, thn 

required in order to meet Quality of service standards. 

ou (generator circuit. 
tower line, or transformer, etc.), te system voltages for tie bulk(3) If, for all possible single conting te tages 

power system are less than a preselected percent of normal (pre­
overthe loading on ary remaining elements

fault) values and 
rnergency ratings, then new facilities are required in 

apropriate 
risk levels. The appropriateormer to alleviate any unn a dble 

rating isdependent upon the exed duration of the eme Y 

loading d ttype of equipment involve, 
t 

out of srvice (except doble circuit tower), esstem voltages
 
for the bulk power system re lss a preselctd .rcent of
ta 

more han a
noialv(prefal t value) and the initial loss of load i5 

m a ofti new facilitiesrA msloperatingil ordertme e required ondi.prelected MVA value, the 
to alleviaul any unac l P risk lels. 

to the Ove criteria,time under nonilorA system operates most of tn Accordin 

tions without any forced outoges. to bringlltodheaelinrinto~~ tobeialion network is first tasted for ad@QuW/ under normal 

or. IfIrnm~o
r c d i icanomic ge9nation schedule.trans 
operating conditions for the most appropriate

ob nir*W oat
oal, sino and d 


new proct is to e initiaed o bring the
 
ncritia, t 

critra an uniformlyi urpteted oi utilized in the
In genra t e deviation is justifiensa unless sm be consideredl tof$al or other con*saWut o hould not nCmswiiV

ci sting and planning of the Willso
AUl scon.fM unusual economic, politi

131~~~~~~~~~or I"isaldcpct(3 rating r e ra lipinipig.inan¢ tysl
-requirement pnd Wvpat of contine 

c 
wath this criteria or to lusl Y revising the criteria, but should 

f3 inntin Pnnrcingl " Conflict with th stiato suldb 
minm l shoud bln lucting schedul 

cieelto 8IWW~ tft ion Of' 

http:quantitiesoaSuch..Is.ha

