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ARMENIA ENERGY SECTOR TRAINING PROGRAM 
Technical Report 

Course #lo: Electric Transmission and Distribution Loss Reduction Strategies 

US AID Strategic Objective 1.5 A more economically sustainable and environmentally 
sound energy sector 

Intermediate Result 2 Increased economic efficiency in the energy sector 

Participant profile Armenia's energy companies, government ministries and 
regulatory entities with competence over the energy sector 

A. Course Purpose 

Although Armenia's energy sector has undergone substantial changes within the last four years there 
remain many issues related to the development of an economically sustainable energy sector. This 
course builds on activities undertaken previously as part of USAID's technical assistance efforts in 
the energy sector. 

The Armenian electric system has very high rates of technical and commercial transmission and 
distribution losses. This course discussed both technical and organizational measures to reduce such 
losses. Course topics included: possible causes of losses; loss estimation methods; meter testing 
procedures; and procedures for improving internal financial controls to reduce commercial losses. 

The course objectives were: 

To provide practical training on technical and organizational measures and techniques to reduce 
both technical and commercial losses in Armenia's electric transmission and distribution 
networks 

To increase participant awareness of the USAID Armenia Power Sector Metering Improvement 
Program and demonstrate necessary organizational and business measures that need to be taken 
to reduce losses in line with Government of Armenia targets and sound utility practice. 

- 

The course was held from June 2 1-34, 1999. Mr Douglas Whyte was the principal trainer. Dean 
White and Armen Arzumanyan also taught sections of the seminar. Table 1 shows the course 
participants. 
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Table 1: List of Participants 

C. Material Covered 

The seminar was divided into three main areas. The first part of the course focused on reducing 
technical losses, including measuring and estimating energy and demand losses on both an annual 
and an hourly basis, and allocating their electric system components, using the Southern California 
Edison (SCE) system as an example. This segment also provided a methodology for valuation of 
both energy and demand losses by voltage level, including methods for forecasting the value of 
future losses. Following a review of economic analyses, these values were then used in sample loss 
reduction projects, and assignments were given to the class to analyze and recommend three loss 
reduction projects using at least two different economic analysis techniques. 

The second part of the course covered: commercial loss mitigation, including meter characteristics, 
accuracy, calibration and testing; billing systems and processes; electric rates and bills, using 
examples from Southern California Edison; revenue collection and non-payment issues; and energy 
theft and revenue protection including investigation, past due bill calculation, payment arrangements 
and criminal prosecution. 

The final course component included a demonstration of the hardware provided through the USAID 
metering, billing and collection system project; a discussion of commercial losses in Armenia; an 
overview and findings from the USAIDIHagler Bailly comlllercialization projects, and site visits to 
the Komitas metering installation and the Yerevan Distribution Company's meter shop. 
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D. Participant Evaluations 

The participants expressed concern over the quality of the translation of technical materials and 
written materials. Because of the course's highly technical nature, some terms did not translate 
precisely. AEDIHagler Bailly has taken steps to address this matter for future courses, and to 
correct the translations on the materials to be left with the co-trainers. 

Although all the participants found the content of the course usefill, 44.4% were unsure that they 
would be able to apply what they had learned in their work. 

The trainers were given good ratings in method, content, technical and training ability by all of 
the participants. 

Most of the participants (71%) have made arrangements to remain in contact with the course 
instn~ctors. 

E. Anticipated Outcomes 

The seminar helped to increase awareness of USAID's Power Sector Metering Improvement 
Program, and of USAID's recently-completed pilot commercialization activities. The course 
improved participants' understanding of how to better organize metering, billing and collection 
processes to help identify where losses are occurring on the electric system and to improve power 
sector financial performance. It is anticipated that some of the approaches presented will be 
implemented in Armenia's distribution utilities, which should result in improved losses and reduced 
expenses in the Armenian power system. 

F. Recommended Follow-up 

Seminar participants seemed reluctant to accept the idea that low losses in world-class utilities are 
the result of economic system design, as well as hard work on metering, rate-making, billing, 
collection and energy theft processes. Overall losses in Armenia are around 35%, roughly evenly 
split between technical and commercial losses. Course participants believe that a reduction in energy 
theft is likely to result in reduced electricity consumption, rather than increased revenue., due to the 
fact that electricity bills represent a substantial share of typical family and business income. - 

Class participants were skilled in technical areas, but could benefit from additional training in power 
system economics, since they had difficulty grasping the basic economics that motivate reducing 
both technical and non-technical losses. This type of course would address engineering economic 
concepts (e.g., net present value, future value, choice of discount rates) and project evaluation 
concepts (e.g., valuing energy savings from reduction in technical losses.) 

Secondly, additional training devoted exclusively to revenue protection, including energy theft 
mitigation, finding and correcting metering, billing, and collection errors, and revenue recovery 
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would be of value. This training should be targeted to distribution company representatives. 

Third, there is considerable need for more work on metering, especially related to the importance 
of meter calibration and replacement programs within each utility as well as maintenance of accurate 
records regarding meters in place, dates of testing, age, and type. This type of training may be better 
handled as a study tour, to demonstrate the organization and operation of a utility's metering 
function. This type of study tour is being considered as part of the Armenia Power Sector Metering 
Improvement Program. 
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APPENDIX A 

Seminar Outline 

Electric Transmission and 
Distribution Loss Reduction Strategies 
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Monday - June 21,1999 

10:OO AM Introductions 
Course objectives 
Course overview 
Desired course outcomes 

10:45 AM Causes of technical losses 
Measurement of technical losses 
Estimation methods with incomplete metering 
International trends in estimatinglmeasuring technical losses in the electric power 

industry 
Comparison of losses in power companies around the world 

12:30 PM Lunch 

1:30 PM Cost of losses 
a) energy 
b) demand 

Calculating benefitlcost of loss reduction projects 

4:00 PM Adjourn 

Tuesday - June 22,1999 

10:OO AM Loss reduction programs under capital rationing 
Losses and system design criteria 

1220 PM Lunch 

1 :30 PM Techniques for loss reduction on existing transmission network 
Distribution automation techniques for loss reduction and improved service 

quality 
Effect of load shaping/Demand Side Management /Distributed Generation on 

-losses 

4:00 PM Adjourn 

Wednesday - June 23,1999 

10:OO AM Relationship of loss reduction to least-cost plan 
Example: Losses in an economic study of renewable energy source 
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Loss accounting for direct energy sales from generator to consumer 
Example: Assignment of losses to facilities with multiple ownership 

12:30 PM Lunch 

1 3 0  PM Economic dispatch with transmission loss factors 
Presentation of class case study exercise 

Class will be divided into 3 groups. Each group will develop 
recommendations for capital expenditures for sample projects for (technical) 
loss reduction 

4:00 PM Adjourn 

Thursday - June 24,1999 

10:OO AM Causes of commercial losses 
Estimation of commercial losses 

Metering accuracy, meter testing methods 
Meter reading systems and techniques 

12:30 PM Lunch 

1:30 PM Internal accounting and financial systems 
Billing and billing systems 
Customer information 
Revenue collections and non-payment 

4:00 PM Adjourn 

Friday - June 25,1999 

10:OO AM Energy theft mitigation 
Review results of Hagler Bailley's pilot commercialization projects 

1:30 PM Case study presentations by class 
Review and Discussion of course material 
Discussion of implementation of course ideas 
Course evaluation 

4:00 PM Adjourn 
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APPENDIX B 

Course Materials 

Electric Transmission and 
Distribution Loss Reduction Strategies 
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Course Objectives 

Provide training on technical and organizational 
measures and techniques to reduce losses in the 
electric transmission and distribution networks. 

Increase understanding of the importance of both 
T&D loss reduction and T&D network maintenance 
on reliable and profitable electric service 

Provide training on measures to reduce commercial 
losses in an electric power enterprise. 
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Today's Power System 
Western System Coordinating Council 

Territorv in 14 western U. S. states, and parts of 
~ a n a d i a n d  Mexico 

66 Members 

150,000 MW resources 

40% of energy supplied by public power and 
governmental entities 

112,300 MW peak demand Edison 

30 control areas 1 $8 Billion Revenue 

\ 4.2 Million Customers 

California 

3 investor-owned utilities; 
22 public power and governmental entities 

12,642 Employees ( I  997) 

11 major interconnections 

19,935 MW peak demand 

65,000 MW resources 
( I  998) 

30% of energy supplied by public power 
and governmental entities 

t 53,000 MW peak demand (1992) 

3 control areas, Independent System 

)U Operator (ISO), Power Exchange (PX) 
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Economies of Scale 
Growing Sales 

Changing Conditions 

Unit Cost 

Build Plants 
Increase Market Share 
Prices Drop 

Costs Rise 
Sales Drop 
Fixed Costs 
Sell-off Plant 
Prices Rise 

Time ---+ 





Essential Goals of Electric Power Systems 

Safety (Human and Equipment) 
Provide High Quality Electric Service 
- Reliable, Dependable Service 
- Resource, Fuel Diversity 
- Expandable Power System 

Provide electric Service at lowest possible 
cost to customer 
- Beat the Competition 
- Stay in Business 



Balancing Competing Goals 

FINANCIAL COST TO 
Elements of an Enterprise Strategy: RISK CUSTOMER RELIABILITY EFFICIENCY 

A. Reduce Financial Risk to the Enterprise 0 
B. Reduce Cost of Service to Customers 

C. lmprove Reliability of Service 

D. lmprove Electric System Efficiency 



Old Things 

Institutional Perspective 

Folks Repeat Old 
Successes eagerly 

NEW THINGS CAUSE ANXIETY. THERE WILL ALWAYS BE 
"OVERWHELMING" OBSTACLES, UNLESS THERE IS MORE ANXIETY 
IN DOING THE OLD THINGS. 

Normal Tendency: Close Out Options by 
Raising Constraints 

THE QUESTION: CAN YOU CONTINUE TO USE THE 
STRATEGIES THAT HAVE WORKED 
IN THE PAST? 

SHOULD YOU? 



Achieve Goals of the Enterprise 

Improve System Efficiency 
- Reduce Technical Losses 
- lmprove Revenue Collection 

Improve System Reliability 
- Reduce Power Outages 
- lmprove Power Quality 

Reduce Cost To Customers 
- lmproved System Efficiency 
- Reduce Operation & Maintenance Cost 

Achieve Financial Stability 
- lmproved Collections 
- Reduced Debt Burden 



Losses - Southern California Edison System - 1997 

Total Energy Requirement 86,849 
Total Electric Sales*: 77,234 

"Total" Losses 9,615 ( I  I . I  %) 
Energy Theft 772 
Technical Losses 8,843 (1 0.2%) 

Revenue from Electric Sales $7,729 Million 
Average Revenue per kwh 10.0 4 

*includes uncollectible 
accounts 



Value of Edison Losses - 1997 

$ Millions 

MkWh Cost Retail Value 

Technical Losses 8,843 232.0 884.3 
Energy Theft 772 20.2 77.2 
Uncollecti ble Accounts 21 0 5.5 20.6 
TOTALS: Losses and Uncollecti bles 9,825 257.7 982.1 





How Are These Losses Determined? 

1. Generation Input to the System 
am) Metered at Power Plants 
b.) Purchases from Other Utilities 

2. Power Output to Customer 
am) Customer Revenue Meters 
b.) Sales to Other Utilities 



Source of Errors in Measurement 

1 Metering Inaccuracies 
- At Power Plants 
- Revenue Meters 

2. Interchange Inaccuracies 
- Allowance for Losses in Utility-to-Utility 

Transactions 
- Allowance for Losses in Power Transmitted 

across Neigh boring Power Systems 

3. Timing Differences 
- Between Power Transmitted and Meter Reading 

4. Meter Reading Errors 



Utility 

Losses - World Utilities 

Hydro Quebec 
Tokyo Electric Power 
Southern Company 
American Electric Power 
Southern Calif. Edison 
Duke Power 
Houston Lighting 
Kyushu Electric 
Carolina Power & Light 
South power 

Country 

Canada 
Japan 
USA 
USA 
USA 
USA 
USA 
Japan 
USA 
New Zealand 

Year Energy Provided 
( I  000 GWH) 

186 
170 
155 
114 
87 
81 
64 
49 
43 
2.4 

Losses % 



Losses History -- Tokyo Electric Power 



Sources of Losses 

A. Technical Losses 
Losses Which Vary with Electric Demand (IZR) 
Losses Which are Constant (Magnetizing 
Currents) 
Losses Which Vary with Weather (Corona) 
Power Plant Auxiliaries 

Commercial Losses 
Uncollectible Accounts 
Energy Theft 
Measurement Errors 
Unmetered Accounts 





Technical Losses on a "Typical" Electric Utility 

Transmission Transmission Distribution 
Substations Lines Substations 

Secondary 
Lines 

Meters 

3€ 
Distribution Distribution 

Transformers Lines 
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SCE System Energy Flow 
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SCE System Energy Loss Multipliers 
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SCE System Peak MW Flow 
t +1+, . .  

r n , R f P  
SCE SYSTEM 1978 PEAK MW F W  (SEPTEMBER 25, 3PM.l 

EHV SYSTEM 8UU POWER S)"STEM SUElTRANSMfSSION SETEM DISTRIBUIOM SYSTEM 

I 

0 unk .... .... .... ,. ...... -.... .... 
mwm w c u m  i mb----------$M] 

PRIULRY C L ~ I J ~ T ~  L uPCl---------.3b2 
+ 1 I I I$mm l,M lRWHRW%-.-119 

C c $ T q l r n  WmQfi 
clmjz> ----.A--.---.-. ... 

4;] 47 STmI L [ W  -.-. ,. a,... 0 .... a...,, .... -.. 
run L" ....,.... 865 - - 

i1.44% (xi6 %/* - 
TOTAL SCE SYSTEM LOSSES ; 1220 MW OR O?.IO% I* 

thDTL I !f4 PERCENT dF W SYSTEM EBSQN Y T  I S D  OWO CF IZmW [)QllOlllf 1- REb. I PS8 9-20-rP 
IM." ' 



SCE System Demand Loss Multipliers 
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Loss Estimation Methods 
with Incomplete Metering 

Make Estimates Using: 
- Known Data to the Extent Possible 
- Filling in the Blanks with Best Judgements 

How to make "Best Judgements": 
- Use Equipment Ratings where available 
- Use typical Equipment Ratings 
- Use computer simulations 





SCE Distribution Line Transformer Losses 

Transformer 
Size 

(KVA) 

5 
I 0  
15 
25 

37.5 
50 
75 

100 
167 

Number of Transformers 
Management Total SCE 

Svstem System 

Losses (kW) 
Per Transformer 

No Load Load 

Losses (%) 
Per Transformer 

No Load Load 
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Determine and Allocate System Technical Losses 
Using Incomplete Metering 

1. Determine Annual Energy Loss 
DeterminelEstimate Energy Inputs and Outputs 

Metered and Estimated Data - Adjust for Billing Lag 

2. Make Reasonable Estimates for 
Generator Step-up Banks 
Components where Field MeasurementIMetering is not available 

3. Transmission Network 
Use Power Flow Simulation and Load FactorlLoss Factor 
Approximations 

4. Power Transformers 
Calculate Losses for a "Typical" Transformer, then Multiply by 
Number of Transformers 

5. Distribution Circuits, Distribution Transformers, etc. 
Calculate Losses for a "Typical" Component by Voltage Class, 
the Multiply by Number of Components. 





Cost of Energy for Use in Loss Analysis 

Marginal Costs 
- Based on Incremental Output of Marginal Generation 
- Includes Price of Fuel, Generator Incremental Efficiency, 

Variable Operation and Maintenance 

Expressed Hourly or Grouped in Time Periods of 
Similar Value 

Includes Forecast of Future Values 
- Determined from Computer Simulations 

Values can be Used for Marginal Cost Ratemaking 



Energy Cost Depends on Marginal Generation 

% of Hours in Year 

Peaking Generation: 0 - 5% Capacity Factor 
Intermediate: 5 - 65% Capacity Factor 
Base Load: 65% Capacity Factor 



Time Period Groupings 
(Southern California Edison) 

Summer: 
On-Peak: 12:OO P.M. - 6:00 P.M. weekdays except holidays 
Mid-Peak: 8:OOA.M. - 12:OO P.M., 6:00 P.M. - 11:OO P.M. 

weekdays except holidays 
Off-Peak All Other Hours 

Winter: 
Mid-Peak: 8:00 A.M. - 9:00 P.M. weekdays except holidays 
Off-Peak All Hours Not Included in the Mid-Peak and Super- 

Off-Peak Time Periods 
Super-off- 

Peak: 12:00 A.M. - 6:00 A.M. everyday 



Incremental Energy Rates 
(Southern California Edison) 

,Reu?nue Protection Results i 
I I 
i 'Billings ; ' i I 3 

i ' 1996' ' '2.5 ' I I 
i ' 1997, , 4.7 . .  i : - 5 '  1 4.7 ; 

I I 

i ! 1 

'Collections 1 - 1906: i 1997: 

I 

i .- 

I--- - - : 1. - 



Incremental Energy Rates 
(Southern California Edison) 



Future Energy Rates by Time Period 
(Southern California Edison) 

.".. . ,  " . -  , , 



Actual and Projected Oil Prices 

$ ~ B L  
ACTUAL AND PROJECTED OIL PRICES 

(1 968- 1985) ; 
501 b $ 

- ACTUAL 

20- r r r ~ ~ l l a t  PROJECTED t975 PrqJected Oil Prices 
I , I " . . L I I . ~ ~ ~ ~ l l I ~ ~ ~ ~ ~ ~ ' ~ ' ~ ' l  

15- 

10- 

1968 Projected Oil Prices 



Cost of Demand (or Capacity) 

Marginal Costs of Capacity 
- Based on Plans for New Generation Capacity or 

Refurbishments 
- Includes Installed Cost of New Capacity, Owners hip Costs 

(Financing, Depreciation, Taxes, Etc.), "Fixed" 
Operation and Maintenance, Inflation 

Takes Into Account: 
- Probability That Losses Will Affect Timing Decisions On New 
Generation Capacity 
- Reserve Margin 

Expressed Annually or by Grouping in Time Periods 
with Similar Hourly Values. 
Calculated for Future Years 
Values Can Be Used for Marginal Cost Ratem 



Utility Loads and Resources Step-Chart 

Resources Under 
Construction and 
Planned 

I I 

Peak Load 

CD 
I- 
I- 

S a 
0 
W ' 

YEARS 

4 ,-----I 
Existing Resources I---- I 

I----- I 

I \  I I -+--A /- 

I 
/-- 

-/-+ 
/- 

4- ----+ 
Forecast 

L 
Recorded Peak Load 











Capacity Valuation Factors * 

On-peak Mid-peak Off-peak Super-off Total 

Summer 
Winter 
Total 

* The Capacity Valuation factors are used to convert annual capacity values ($/kwh-yr) to monthly 
values by time period. The factors were derived from the February 15,1995 "Avoided Cost Posting". 





Levelized Capacity Value $IkW-yr 



Carrying Charges 

RETURN OF CAPITAL (I.E., DEPRECIATION 

+ RETURN ON CAPITAL (I.E., INTEREST AND 
PROFIT) 

+ TAXES ON RETURN ON CAPITAL 

+ OPERATING EXPENSES 
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1994 Edison ($1 ?000?000) 

Revenues 

Expenses 

Fuel & Purchased Power 

Operations & Maintenance 

Depreciation 

Property Tax 

Interest 

Pre-Tax lncome 

lncome Tax 

Net lncome 

I 145** 

TOTAL TAXES = 203* + 507*** = 710 







Edison Operating Ratios 1988-97 !%I 
Fuel & 

Purchased 
Power 

41.8 
41 .O 
43.5 
44.4 
40.6 
44.4 
45.2 
44.4 
43.2 
41.3 

Operation 
& 

Maintenance 

20.4 
19.9 
20.2 
21 .I 
22.0 
20.0 
20.5 
19.6 
20.2 
21 .o 

Investment 
Related 

37.8 
39.1 
36.3 
34.5 
37.4 
35.6 
34.3 
36.0 
36.6 



Carrying Charges, or Fixed Charges, 
are those based on Capital Investment in Project, 

Not its Operating Costs: 

THAT IS: TAXES 
RETURN 
DEPRECIATION 



Typical "Carrying Charge Components" 
for a 30 Year Facility 

RETURN 10.0% 

DEPRECIATION 0.6% 

INCOME TAXES 2.9% 

PROPERTY TAXES I .2% 

ADMINISTRATIVE & GENERAL I .O% 

INSURANCE 0.1% 

TOTAL 15.8% 

DEPRECIATION + AVERAGE RETURN = SINKING FUN 
DEPRECIATION + COST OF CAPITAL 





Example: Distribution Line 
Reconductor Project 

Pump Load: Continuous 

To Omega 4kV Circuit 
Substation 

1 Operation 

795 ACSR 

F 

The Existing Circuit is in Good Repair, but Would it be Cost- 
Effective to Reconductor with Heavier Wire, Either 336 or 795 
ACSR? 

I KM Extension 
Existing Conductor: 210 ACSR 



Technical and Economic Factors 

Pump = 1000 Horsepower, 0.9 PF, I I 5  Amps per Phase 

Estimated Cost to Reconductor with 336 ACSR 
Material $2500 
Labor $1 000 
Salvage $<300> 

Total Cost $3200 

Year of Installation: 1999 

Estimated Life of Project: 30 years 

Cost of Money - - 10% 



6
)
 

Q
) 

6
) 
r
 

s
 
.
I
 

C
D

 
CV 
b

 h 
r
 

t
i
)
 

I I 

z x 2 n
 

b
 

0
 

0
 

0
 
0
 

+ b
 

CV 
0
 
0
 
u
 

s Y 00 
CV 
C

Y
) 

hi 
C

D
 

C
D

 
0
 

0
 

CV 
s
 
.
I
 

00 
b

 
r
 

c6 
t
i
)
 

I1 

s .z a n V) 0
0
 

0
 

0
 
0
 

+ V
)
 

CV 
d. 
0
 
0
 
u
 

f & 00 
CV 
C

Y
) 

h
i 

C
D

 

C
D

 
r
 

r
 

r
 

t
i
)
 

II 
0
0
 

C
') 

V
)
 

0
 

=I= 
n

 
Q

) 
Y

- 

0
 

I 

00 
cY) 
rr) 

0
 
u
 

CD 
CV 
b

 
r
 

t
i
)
 

. I
 

Q
) 
6
)
 

6
, 
r
 





Example: Annual Cost 

Estimated Project Useful Life = 30 years 
Carrying Charge = 15.8% 

Annual Cost = $3200 (0.158) = $505 
Annual Loss Savings = $1 11 6 

BenefitlCost Ratio = 2.2 to I 



Example: 6 6 C l a ~ ~ i ~ a l  Method" 

To Perform Engineering Economic Studies 
Net Present Value (NPV) Future Revenue 
Requirements. 

Solution: 

Find the NPV of Each Plan, Using Cost 
of Money as the Discount Factor 
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Decision Analysis and Decision Trees 

- List Decision We Can Make, and Our Choices 

- List Chance Events Beyond Our Control with 
Possible Outcomes and Their Probabilities 

- List Out All Possible Combinations of Decision 
and Chance Events, and Compute Present Worth 
and Probability of Each 

- Accumulate into Probability Distribution and 
Choose Best Decisions 



Omega Circuit Reconductor 
Influence Diagram 

/ 

Energy 
Costs 

- Probabilistic Factors 

< >  Decision 









Example Problem: Ratios Summary 

1. Payback Ratio = 2.9 years 

2. Annual Cost Method 
BenefitlCost - rn 2.2 to 1 

3. Net Present Value Method 
BenefitlCost rn - 3.6 

4. Decision Analysis Using Annual Cost Method 
BenefitlCost at 50% Probability = 1.94 



Coping with Unknowns 

Technical Unknowns 
- Load Patterns, Load Growth 
- Construction Costs 
- Operations and Maintenance Costs 

FinanciallEconomic Unknowns 
- Cost of Moneyllnflation Rate 
- Future CostsNalues: 

- Demand, Energy 
- Property Taxes 
- Project Life 

- Salvage Value 

Customer Unknowns 
- Consumption Patterns 
- Dependability of Loads 



Why do Analysis when 
Measured Data are Incomplete? 

Calibrate Your Judgement 
Rank Projects by BenefitICost Ratio 
Maximize Beneficial Use of Scarce Money 





Loss Reduction Program under Capital Rationing 

Southern California Edison Program 
Capital Scarce 
- Credit Rating in Jeopardy 

Program Established by Head of Capital 
Expenditure Review Committee 



Program Parameters 

Capital Expenditure Limit $1 Million per Year 

Projects Ranked by BenefitlCost Ratio in 
Descending Order 

Only Projects with BenefitICost Ratios of 3.0 to 1 
or greater were chosen 

Included Distribution lines, Transmission Lines, 
Substations and other equipment 

Administered by Transmission Planning 
Committee 



V r n  Project Ranking 

Reconductor 4.0 KM Apple kV 
Reconductor 4.8 KM Victor-Kramer 33kV 
Reconductor 3.6 KM Bluebird 16kV 
Reconductor 7.8 KM Mesa-Flair 66kV 
Add Line Capacitors to Grazide 12kV 
RemovelReplace SEDCO 66112kV Transformers 
Reconductor 1 KM Omega 4kV 
Reconductor 15KM Anita-Eaton 66kV 
Add Line Capacitors to Chalfant 12kV 

BenefitICost Capital 
Ratio Expenditure 

($1,000~) 
Project Description 



Program Results 

Each Year, Projects with BenefitlCost Ratios of 
3.0 or better were Eligible 

Viewed with Enthusiasm by Engineers 

Received Favorably by Investment Community 
and Regulators 



Losses and System Design Criteria 

Economic Conductor Size 

Distribution Transformer 

Distribution System Voltage Level 

Placement and Sizing of Station Capacitors 

Placement and Sizing of Distribution Circuit 
Capacitors 

Edison: Zero VAR flow at Substation 



Voltage, Reactive Power and Losses 

Substation Substation 
Capacitors Capacitors 

@3t 
VARs 
+ 

Line 
Capacitors 

Minimum VAR Flow Distribution 

Minimum Voltage Fluctuation Line 

Transmission 

Minimum Losses 

0 Subtransmission 0 



Placement and Sizing of Distribution Circuit Capacitors 

If voltage increases from I .O to 1 .01: 

Current decreases from 1.0 to 0.99 

Losses decrease by (0.99)* = 0.98 or 2% 

If voltage increases from I .O to 1 .01: 
0 * Customer load increases by 1.0 /o 

Size of capacitor bank limited by voltage rise 

*Southern California Edison Field Studies 





Loss Reduction = Distribution 

Circuit Balancing 

Circuit Management 

Power Factor Correction 

Voltage Upgradelcutovers 

Replace Oldest Transformers 

Reconductor 

Load ShapingIDemand-Side Management 

Maintain Voltage with Distribution 
Automation 



Loss Reduction - Transmission and Substations 

Transmission 

- Correct Power Factor 

- Reconductor Existing Circuits 

- Improve Voltage Plane 

- Balance Loads on Circuits 

Substations 

- Add Station VARs to Match Transformer 
Reactive Demand 

- Replace Aging Transformers 

- Retire Synchronous Condensers and 
Add Static Capacitors 



Synchronous Condensers Study 
Southern California Edison 

Synchronous Condenser Status: 
21 synchronous condensers, total 869 MVAR capacity, 

Located at 12 substations 

Problem 
High operation & maintenance costs, high losses 

Study Objectives: 
1. Reduce operation & maintenance costs and losses 

2. Maintain or exceed present quality of service to 
customers 



Study Procedure 

I. Establish a criteria for synchronous condenser 
removallreplacement 

2. Identify function of each synchronous condenser 

3. Do economic analysis 

4. Evaluate operational effects of removing andlor replacing 
synchronous condensers 

5. Make recommendations. 



RemovaI/RepIacement Criteria 

Identify units which perform "special" functions 

(dynamic regulation, reactive buck or boost) 
* Laguna Bell short circuit duty requirements 

Units which only provide VAR support may be 
replaced by shunt capacitors 

Units not needed for above 3 functions may be 
removed without replacement. 



Synchronous Condenser Functions 

Barre No. I 
Barre No. 2 
Center No. 1 
Center No. 2 
Chino No. 1 
Chino No. 2 

Lighthipe No. 4 

Rector No. 1 
Rector No. 2 

Vestal No. 2 15 1 66 i 33% / BucklBoost & VAR Program I 

Vista 60 1 46 1 49% /VAR Program 
- . . - - . . - . . .. . .. i 1 . . - . . . . . . .. .. . . . . - . .- - . . . 

---_-_ -----" 
% of " A  

Bank VAR Load 
Supplied by 2Fz--," --" -. . --- 

..- - " --. "..-C.I----LÎ L..̂ l---.- .- - L------ .---- 

Condenser Function 
%ltageRXgTlatiofE ' VAAR P70@aii 

168% 
88% 

388% 
82% 
129% 
34% 
51 % 
128% 
91 % 
37% 

VAR Program 
VAR Program 
Short Circuit Tests & VAR Program 
VAR Program 
VAR Program 
VAR Program 
VAR Program 
Short Circuit Tests & VAR Program 
VAR Program 
VAR Program 

. 72%-... "-.is 

83% 
83% 
98% 
90% 
33% 
30% 

205% 

li6fi" Sts."ARprb3ra rii--" 
VAR Program 
VAR Program 
VAR Program 
VAR Program 
BuckIBoost & VAR Program 
BuckIBoost & VAR Program 
BuckIBoost & VAR Program 



Chino Substation 
Economic Evaluation 
Project Description: 
Alternative Selected: ALT 2 - Install new 66kV, 4-28 MVAR 

Shunt Capacitor Banks 
Oper. Date: 12/1/99 

ALT. 1 - Continue Maintenance for Operation of 2-60 MVAR Synchronous Condensers 
ALT. 2 - Install new 66kV 4-28 MVAR Shunt Capacitors Banks 

SUMMARY 
~. ,.--.-- .-.-- ","-----.%" .."" *-,,-, ".-, *.,+~*.."",," ,,---- "*" ,".. . A T .  - - -  

I_--- ,,̂ --~,"- . . .-..a .-, , ., ,, ' . 
'AXaij?fd-'Epend~ t ures rsr."OF& 3-.&- aiife.~aiiEg ..- . . " 

., .-------.mm7- -...-%~*."-*-m-..-.k. -"-" ..... , - 
C. Losses: Energy 

Capacity .", . T*..- . -----.-+...- 
tal PresenfWofiti-AmZunf 

- a" " ,  .,, -*  . .. . '  .. .- . . . . 

Condensers 
-"..- "--- *. , -"-"- - 

Benefit Ratio = $4,363,661 .OO 



Calculations 







Vista Substation Synchronous Condenser 

Work that has been or will be completed by April 1,1999 

1. Equipment Replacement (Total Capital Expenditure: $507,000) 

Cooling Tower 
Main Hydrogen cooling coils (2) 
Circulating water pumps and motors 
Repair and coating of cooling tower basin 
Exciter hydrogen cooler 
Cooling tower basin 

2. Maintenance (O&M Expense: $54,000) 

Repair and calibrate condenser instrumentation 
Repair babbit bearings 
Repair bearing oil seals 
Repair shaft exciter compartment selas 
Resurface exciter collector rings and exciter commutator 
Repair exciter brush rigging and exciter commutator and replace brushes 



Operational Effects 

Synchronous Condensers Study 

Study completed by addressing 3 issues: 

1. Impact on Power Quality 
2. Contributions to System Voltage Stability 
3. Extent of High Voltages Problems during 

off peak load - Need for VAR bucking 



1. Impact on Power Quality 

Voltage rises (0 to 3%)due to condensers during 
faults (3-phase & single-phase): Not Significant 

Not significant to reduce risk of air conditioners 
stalling (to avoid voltages of less than 60%) 

Beneficial at La Fresa for Mobil Oil, and Springville 
for voltages sensitive customers (Smoothing or 
eliminating voltage fluctuations) 



2. System Voltage Stability 

Resuming operation of all synchronous 
condensers (655 MVAR) could have reduced 1999 
RMR capacitor Banks by 675 MVAR 

(Same post transient voltage drops following worst 
N-I Palo Verde-N Gila 500-kV line) 

However it would result in Much Larger Costs: 
$40 M for refurbishing and $40 M PW for O&M 
versus $16.5 M for 675 MVAR of RMR Caps. 











Need for Equipment Replacement 
at MacNeil Switching Substation 

All 66-kV insulators and disconnects 

All 66-kV oil breakers 

Total Cost: $1.3 million 

Northern TIS requested study to minimize cost 

Study Considered Six Alternatives 



Eagle Rock and Saugus 66-kV Systems 
in Vicinity of 

MacNeil Switching 66-kV Substation 



MacNeil Switching 66-kV Substation 
Line and Bus Arrangement 

Existing: 12 breakers 







5 breakers with Operating and Transfer Bus 



MacNeil Substation 3-Breakers Alternative 
and 5-BreakersAlternative 

Comparison for Reliability of Service 
to Studio and Universal Substations 

\ 
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Maintenance of SCE Circuit Breakers 
Typical Outage Rates and Duration 

WWENANCE TYPE Br=UC&FtTYPE R4.E WPAtlbN FATE - -' RATE WRATIM 
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MacNeiI Substation Line and Bus Arrangement Alternatives 
Economic and Reliability Comparison 

d m G E  F W E N C Y  OUTAGE DURATION 
t$ MiLLIOWj (ONCE IN !d YEA?} {MwuTES PER OUTAGE] 

-- - - -- .- - - .- - -  -- 

OUTAGES OF BOW SUBST4 TIOWS P in 5 
DUE TO BUS FAULT' OR EARTHQUAKES 







Impact of Customer Load Profile 
on Cost of Service and Losses 

Lower Cost Higher Cost 
per kwh per kwh 

Level of Service Higher Voltage Lower Voltage 

Efficiency 
Peak Load Off-Pea k On-Peak 
Load Factor High Low 

Amount of Usage High Low 



Demand Side Management Choices 

BUILT-IN INCENTIVES 
TOU RATES 
OFF-PEAK STORAGE 
SWIMMING POOL TRIPPERS 
CONSUMER EDUCATION 

UTI LITY-ACTUATED 
HEATING & AIR CONDITIONER CYCLES 
INTERRUPTIBLE LOAD 
DEMAND SUBSCRIPTION SERVICE 

CONSERVATION 
PRICE INDUCED 
PROGRAMS 
COMMUNICATION 



Demand-Side Management Em braces 
Several Load Shape Objectives 

DEMAND* 

F ILLINQ MANAGEMENT GROWTH 

SHIFTING 
FLEXIBLE 
LOAD SHAPE 



Peak Clipping? Load Shifting 

PEAK CUPPING 

Exampaes 
D M  fud hmtlng 
Heat pumps 

* lntrrmptible lbedr 
Some c ~ n r r m t l o n  oplislne 

Ewmplee 
Walar heater mf 4 
RIr emdltibner ~uMml  
5 t a 8  h l k i ~  
~ & @ Q B  W Q ~ ~ W  

4 Intarlatks 
' ~~ge l fon  ccmtral 





Growth? Flexible Load Shape 

FLEXIBLE LOAD SHAPE 

Examples 

rn Iptcrruptlbl~ Lrradrr 
m Dual Pud Hsatlag - Stand-by Genwatlan 
+ Levelc at  R s l l n b i ~ ~ ~ y  



Automatic Regulation of Customer Voltage 
and VAR Control 

Voltage Range 126 Volts Maximum I 
Required by 120 volts 

I 
Voltage Range 

California Code 114 Volts Minimum Agreed TO 
n 





Relationship of Loss Reduction to 
Least-Cost Plan 

Least Cost Planning Includes: 
- Supply and Demand-Side Planning 
- Proper accounting for losses 
- Weighing of Fixed versus Variable Costs 
- Assessment of the Future 

Example: 
Duke Power 
- Low Losses: 5.7% 
- Low Cost of Service - 7.38 
- High profitability: PriceIEarnings - 17 









Grid-support PV in action: The Kerman Project 

P i 

feeder 
Kerman I103 

Substation 

Kerman PV plant 
connected on 12 kV 
Feeder 1103, 8 circuit 
miles from substation 



PV plant reduces number of LTC changes 

LTC Changes without PV 
Plant {I 991 EL 1992) 

' PV Plant [I 9931 

2 3 

LTC Volhge Range (Volb) 

-Model ~r Measured 







Kerman plant performs close to design 

---..--- ' IS PV Energy Produclion 
-r- Performance Index 

JuM3 SgP Nw Jan-94 Mar May - 





Kerman PV plant reduces transformer loads 

Extends euuipment life and defers need for upgrades 

Pacific St and ard Time 
- Motjspot Temp. wlo PV Top Oil Temp. w h  PV 

+ Hat-spot Temp. wl PV - -Top Oil Temp. w l  PV 





Kerman PV Plant Reduces System Losses 

Reduces energy losses by 98,600 kWhs 
(that's 9.3% of plant output) 

Value of Reduced Losses $6,900 

That's $1 3.8lkW-year 











Network or MW-Mile Transmission Map 



California's Loss Accounting for 
Direct-Service Customers 

% Loss Factors 
- Modified "Postage Stamp" Approach 
- % Loss Factors by Voltage Levels 
- % Loss Factors by Hours (87601year) 

Generators 
- "Loss Multipliers" Depending on Connection Point 

Consumers 
- "% Loss Factors" Depending on Connection Point 

Data Available "On Line" on Public Utilities Commission 
Web Site 



Economic Dispatch with Transmission Loss Factors 

Appropriate where Generation is Remote from load 

Loss penalty factors assigned to Power Plants 

Dynamic methods available 



Class Study Exercise 

Analyze Loss Reduction Projects under conditions of 
Limited Investment Capital 

3 Different Projects 

Use at least Two Methods to analyze each Project 

Use Results to convince management to 
Approve I, 2, or all 3 Projects 



Loss Reduction Project #I 

Project: Reconductor section of Omega 4kV Circuit 

Project Factors: 
Reconductor 2 KM section from 210 ASCR to 336 ACSR 
(requires replacement of about 112 the crossarms) 

Material $6000 
Labor $2500 
Salvage Value (600) 

Total $7900 
Customer Factors: 

Only one customer, a 1000 HP pump, 30,90% PF 
(1 15 amps per phase) 

Customer plans to retire the pump in 10 years, no other 
customer load expected on the circuit 



Loss Reduction Project #2 

Project: Reconductor section of Alpha 4kV Circuit 

Project Factors: 
Reconductor 2 KM section from 210 ASCR to 336 ACSR 

Total Investment $7900 

Customer Factors: 
Only one customer, a 1000 HP pump, 30,90% PF 
(1 15 amps per phase) 

There is a 50% chance the customer will retire the pump 
in 10 years, and a 50% chance the pump will run for 20 
years. No other customer load expected at this time 



Loss Reduction Project #3 

Project: Add Capacitor Bank to 4kV Beta Circuit 

Project Factors: 
300 CkVa Capacitor Bank 
Installed cost $4000 
2% voltage rise due to capacitor 
Bank expected life = 20 years 

Customer Factors: 
Customer load at the end of the 4 KM long circuit 
3,200,000 kwhslyear, with an estimated 90% power factor 
The load factor is typical for such a circuit, about 50% 
Load is not expected to change in the future. 



Economic Parameters 

Use Economic Parameters from Omega Circuit example 
e.g. 

10% cost of money 
15.8% carrying charge (for 30 years) 
2.7$lkWh Energy Value of Losses (1999) 
Also energy cost increases, etc. 

Use energy loss multipliers from course 
e.g 

Subtransmission 1.028 
B Banks low side 1.036 

Use conductor loss characteristics from course 



Commercial Losses - Causes: 
Metering, Billing and Collections 

Metering and Meter Testing 

Billing and Billing Systems 

Collections and Non-payment 

Energy Theft 



Sources of Metering Errors 

Current Transformers and potential 
transformers used for customers above 
240 volt service 

Older jeweled-type meters 

Mechanical meter charateristics 

Calibration 



Meter Characteristics 
(Examples) 

Meter # 
Assignment Status 
Manufacturer Type 
Device Type 
Material Code 
Profile Types 
Measurement Values 
Set & Remove Dates 







Metering System for 500kW and Larger Customers 

BEST AVAILABLE COPY 



Electronic Metricom Meter 





ABB Electronic Meter with RS232 Port 

BEST AVAILABLE COPY 
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CSS Features 

Summary Billing 
For any customer 
Reorganization of services among multiple 
summary bills upon customer request 
Automated collections services for summary 
billed accounts 





Who's Eligible? 

Medium-sized commercial and industrial 
customers with demands greater than 20 
kilowatts and no more than 500 kilowatts 

General Service 2 (GS-1) Rate 
/74 



How are you billed? 

Customer Charge 
Recovers costs to install, operate and maintain, 

read and bill your meter 

Single Phase Service Credit 
A $1.65 per month credit is applied to customers 

who receive single phase service 

General Service 2 (GS-1) Rate 





How are You Billed? (can't) 

Energy Charge 
- Recovers costs to operate and maintain Edison's 

system 
- Broken down by "1st Block" and "2nd Block" 
- Recovers cost of fuel and purchased power 
- Surcharge paid to: 
- Customers 

Who meet specified income guidelines 
- California Public Utilities Commission 

Power Factor Adjustment 
- A charge for the inefficient use of equipment 

General Service 2 (GS-1) Rate 



How are You Billed? 

Voltage Discount 
- Applied to 

Customer who can receive power at higher 
voltages 

Charged to monthly non-time related demand charge 
and base rate energy charge 

CityICounty Taxes 
- Certain cities and counties contract with Edison 

to bill their energy taxes 

State Energy Tax 
- Funds energy planning activities of the California 

Energy Commission 
State law enacted in 1975 

General Service 2 (GS-I) Rate 
B "-- 
f 5" 



How Does the "Blocked Energy Charge" Work? 

Two-tiered charge 
- One rate for first block of 

kilowatt hours (kwh) 
Approximately 9$1 kwh 

- Lower rate for second block 
of kwh 

Approximately 5$1 kwh 

: . General Service 2 (GS-1) Rate 



Residential Bill - January 1997 

J Wuibltrr ~.>III~IKNI.\ S o ~ ~ l h e r n  Cal~tsrnia Ediso:. Company 

EDISON ttn S~ZISDN INTERIVAT,ONAL Company ESTUVIA'IrED BILL 
P.V. E 4 X  MO. R0SOlV.08fl. C& $1 ?71-0dd I 

Cu~tdrner and Servica Address Date Bill Prepared . .  .- - .  .- 
WHYTE, M DOUGLAS 

505 GREENVIEW RO 
LAHABHTS CA 90631 

Dec 26, 1996 I Your Cuslonber Account Numbel 1 
Y ert Metar Read on or about 1 65-47-1111-2030-a3 
3an 22, 1 99 7 I 0 0 0 - 3  

24-hr. Cusbmer Service 
Rate Schedule 
D E 

Cllarges Balance from previous bill $ 0 . 0 0  
& Credits Account Balance, . . . . . . . . . . . . . . . . . . . . . . $ 0 .  wt 

Update 
Currellt Service / 8illing Period - 11121196 to 12124196 [ 32 days ) - Winter Seasan 
Billing Ener y Charge: 
oetait ~aseqrne 336 kuh x ?.ere + Qvcr Baselinc 419 kHh x 1 8 . 6 2 1 C  = Q 7 5  - 8 4  

Basic Charge 0 , B O  
Slale Tax 765 k Wh x v.azt 0 , 1 5  

l~urrent amount must h e  paid by 01114197 $76.74 
T, 

(Incl~des 25% employee discount) . . . . .... 
$2.40 is your average daily cost tl i is period. . . . 
Meter Estimaf t~d  Nurnbsr 

Daras and Readin~s 
From To Usage 

E1ectricii~ 2 a e - s ~ ' ' - ~  . .  ' 11/22! 96 LZf 29/96 
Usage 05177 Q5 942 765 kwh 

Usage Corn parison -This Year Last Year- 
kidowatthou IkWh) Used 766.00 no 
Nurnber of bays 32 C6tnpsrable 
Averape usage per day 23.4 Usage 

Message THIS IS YOUR ESTIMATED B ILL  FOR THE CURRIWT BILLING PERIOD. 
- 

A SPECIAL THANKS AND HOLIDAY WISH 
Thank you for paying your Edison bills promptly. We 
appreciate the apportunity to serve yot~ and wish p u  a 
happy Holiday Season. Look lor our all-electric float 
in the Rose Parade, honoring Thomas Alva Edison. 

. WINTER SAFETY TIP - ALWAYS use a llashtlght ... 
NEVER use candles during a power outaye. 
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Direct Access Customers 

Payments to Generation Provider 
- for Electric Power 

Payment to IS0 
- for Dispatching Service 

Payment to Edison 
- for Transmission and Distribution 
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CSS Collection Path (can't) 

COLLECTIONS 
PATH FOR NEW 

DOMESTIC 1 7 

$50 
AND 

OVER 

GOOD 
PHONE # 

TO THE 
FIELD 

FOR A 48 

NO REASONABLE 6 
ATTEMPT - TIMES 

AUTODIALER 
PHONE # 

BAD I I ATTEMPTS TO I ,,, 
COLLECT 

REASONABLE 
ATTEMPT FINAL CALL FINAL 

MAILED 

/ / DELIVERED I 
FINAL 
CALL 

EXPIRES 

FIELD 
FOR 

DISCONNECTION 







Collection Rules and Queues 

+ Rules 
Corporate set of rules 
974 pages of rules (more now) 
108 events recognized 
62 attri buteslprofiles 

+ Queues 
25 dispatcher queues 
Error, training, and review queues 
Worker queues 

Work sorted alphabetically, 
by region, 
by organization, 
by work group 





Pricing Theories in a Regulated Utility 

Try to Emulate Competition 

Economically Efficient Use of Resources 

Provide a Stable Revenue Stream 

Equity Among Customer Groups 

Conservation of Energy Resources 









Impact of Customer Load Profile 
on Cost of Service 

Lower Cost Higher Cost 
per kwh per kwh 

Level of Service Higher Voltage Lower Voltage 

Quality of Service Curtailable Firm 

Efficiency 
Peak Load Off-Pea k On-Peak 
Load Factor High Low 

Level of Usage High Low 



Southern California Edison Rates 
Effective: May I ? 1996 

Rate Group 
Domestic 
GS-I 
TC-I 
GS-2 
TOU-GS-2 
TOU-8-SEC 
TOU-8-PRI 
TOU-8-SUB 

PA-I 
PA-2 

TOU-PA-5 
AG-TOU 
StreetIArea Lighting 

System Average 

5-1 -96 Average 
Rate ($lkWh) 

12.7 
13.6 
7.3 

10.1 
9.1 
8.6 
7.5 
4.5 

11.1 
8.7 
7.1 



Energy Theft Mitigation 

Energy Theft Program 
- Prevention: 

Security Locking Rings, "Meter Sentries", Sealing, 
"Eagle Eye", Video "To Catch a Thief". 

- Detection 
Observation, Tip Cards, Computer Detection, Detection 
Bonus, Energy Theft Hotline, Tap Detector. 

- Investigation: 
Resealing Meters, Meter Testing, Service Investigations 

- Prosecution 
- Restitution 

Revenue Recovery 
Revenue Protection Group 
Revenue Protection Manual 
International Utilities Revenue 
Protection Newsletter 





Security Locking Ring Address 

Inner-Tite Corp. 
1094 Globe Avenue 
Mountainside, New Jersey, 07092, U.S.A. 

Telephone 9081232-4000 
FAX 9081232-7281 












