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 937.2 17.;9 132.2 400.0 (7) 17&.0 (6'.?) (247.7) 2106.4 

Useful Energy 5.8 20.7 144.1 15.4 611.0 17.79 32.2 227.4 (8) 10).i9 ( 2.76) (15:.94) :236.6 

7

al tep - 1.05 x 10 XCAL - 4.393 z 1010 Joules. 

b1 to Device Efficiency - Useful/Concumption 

CUseful Energy - Energy Conouuption x End Uae Device Efficiency.
 

dSource Electric Devand Consumption has been adjusted so that distrib.tion by sad use devlce is the rnae f.r purchazei electcicity znd auto-generated
 

electricity.
 

eTotasl energy includes fuels used to produce auto-generated electricity and excludes the auco-gererst~d electricity produced to vold double counting. 

' Numbers in parentheses not included In totals. 
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Comparison of Base-Yoar Efficiencies or industrialI-Secr-or 
End-Use Devices wIth Moderate and Enhanced Conservation
 

Catelory of Year Cariecrva.tion Teehic- o~to TcchnIlz .ar vez
 
Useful Enerry End-!Ja- Efficien.cy EfiinyaCzL~ f!±cicncy ~ 
 riCLz Gve7*T

Dm and Dzv Cc-, xz q-,z'ijn)()
 

Direct~he~t - BZili1ate 0.60 0.76 .27 uZ 2
 
zny fuel oil furnace
 

!Neaidu.21 0.63 0.66 ..0 
 07 2 
oil fur.-aca 
Col 
 0.60 0.72 1..37z: i.C.5 
furnacc
 
Natural so 0.70 0.111 
 .21.25r. 
fur n oc 

Direct hecz- L?C furnace 0.70 0.!1 
 ~ 041.20 3.7

clean fuel Natural Cco 0.70 O.Z2 1.!7 
 C512
 :.

furnace 

Electric 0.80 0. Z3 
 1.10 0.52 .l 
furnra ce 

Indirect heAt fliatIllatf. 01! 0.70 0. ~1.20 
 U.- 1.33 .
 

Reisidual 0.69 1.2.: 5.1L Z 
oil boiler
 
Coal boller 0.60 0.72 
 !.20 
 1.72 1-1.3
 
Natural 0.43 0 1.10 
 0.74 1.17 
 6.0
 
Ccz Lroilar
 
Solar uith 0.94 
 0.64 :.CC 0.114 I.C3 0
 
Sac bzckupe
 

Zlectroc1hezicct Electric 0.69 0.72 I.Gs C,75 
 1.10 5.6
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TO MEET NRGY uzNA,.DIFFERENT FUELS 

(HET USEFUL 

-r ",*' -ir A 
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CONSUMED 

A 
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COMPUTATION OF ENERGY DEMAND FROM DIFFERENT FUELS
 

IHDD 

MAZOUT SAGAS 	 COAL 

??A 	 BOILER '"7B BOILER 'IC BOILER 77D BOILER 
SYSTEM SYSTEM SYSTEMj 

A 	 B C DJ 

* 	 IF A=50 X 106 BTU/YR, B=40 X 10 6 . BTU/YR, -C= 15 X 106 BTU/YR, 
D=.5 X 106 BTU/YR, 77A= 5 0 % ' B 7 0 % p 7C= 80%, 7 7D= 75% 
WHAT IS THE TOTAL INDIRECT HEAT USEFUL ENERGY DEMAND (IHDJ# 

* 	 WHAT IF C IS INCREASED BY 100% AND D I.9 INCREASED BY 50% 
WHAT HAPPENS TO A & B? 

* 	 HOW DO THE UNITS OF A,A 3,B', C,C, D,D; AND DD' DIFFER FROM IHD? 



MEET ENERGY DEMANDFUELS TODIFFERENT 

FUEL SPECIFIC-
USEFUL ENERGY 7Ij cGASOALMAZOUT!LAR77 

DBOILER" BOILER' BBOILER71A BOILER 
SYSTEM
SYSTEM
SYSTEM
SYSTEM. 


D
C
CONSUMPTION A B 

DISTRIBUTION 

I GAS'CASULAR DISTRIBUTIONMAZOUT DISTRIBUTIONDISTRIBUTIONDISTRI3UTION 

UPPLY 
ASCOL
SULARMAZOUT 

SUPPLy
SUPPLY
SUPPLY 




..... EXAMPLE OF BASE YEAR ENERCY.DATA SET .....
 

Table D-3 Sane Tear (1978) Industrial Energy Demand Data Food Industry (103 tep)a
 

Fuels and Other Energy Items
 

End-Use Device Auto-
Gas Diesel 
 Fuel Lubri- Natural Hydro- Purchased Generated Total Total
Energy Demand Naphtha Kerosene Oil Fuel 
 oil canto Cas Biomass power ElectrIcItyb Electricityb Ilectricc Energyf
 

INDIRECT HEAT
 
Conaumptto 84.0 
 29.6 183.6 22.0 708.5
u 379.0 
 1406.7
Efficiency 0.7 0.7 0.7 0.7 0.7 
 0.6 

Useful Energyea, 58.8 
 20.7 20.7 128.5 495.9 227.4 

0.6 
946.7 

DIRECT HEAT -

ANY FUEL

Consumption 
 26.0 191.8 
 217.8Efficiency 
 ).6 0.6 

Useful Energy 
 0.6


115.1 

130.7
 

DIRECT IEAT -
CLEAN FUEL 
Consumption 
 46.0 
 46.0
Efficiency 
 0.7 
 0.7
Useful Energy 
 32.2 
 32.2
 

MOTIVE POWER
 
Consumption 
 17.79 
 72.59 (2 8.4 3 )f (101.0) 90.38
Efficiency 
 1.0 
 0.7 0.7 0.7 0.7Useful Energy 
 17.79 
 50.81 (19.9) (70.7) 111.6
 

REFRIGERATION
 
Consumptioc 


74.60 (29.21) (103.8) 74.60
Efficiency 

0.7 0.7 
 0.7 0.7
Useful Energy 


52.22 (20.45) (72.66) 52.22
 

LICTINC
 
Consiption' 


30.81 (12.06) (A2.90) 30.81
Efficiency 

0.2 0.2 0.2 0.2
Useful Energy 

6.16 (2.41) (8.58) 6.16
 

AUTO-GENERATED
 
ELECTRIC FUELS
 
Consumption 
 74.0 22.0 36.9. 86.2 21.0 (8) 240.
 

TOTALS
 
Consumption 84.0 
 29.6 283.6 44.0 937.2 17.79 132.2 400.0 (8) 178.0 
 (69.7) (247.7) 2106.4
Useful Energy 58.8 20.7 144.1 15.4 611.0 17.79 32.2 
 227.4 (3) 109.19 (42.76) (151.94) 1236.6
 

a 1 rep - 1.115 x 107 KCAL - 4.393 x 1010 Joules.. 

bN is Device Efficiency - Useful/Consumption 

CUseful Energy - Energy C.nsumption x End Use Device Efficiency.
 

dSource Electric Demand Consumption has been adjusted so that distribution by end use device is the same for purchased electricity and auto-generated
 
electricity.
 

eTotal energy Includes fuels used to produce auto-generated electricity and e.cludee the auto-generated electricity produced 
to avoid double counting.
 

fNumbers In parenthses not intruded In totals.
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ARGONNE HAS 3 LEVELS OF 
COMPUTING CAPABILITY 

SMAINFRAME. -IBM 3033
 

MINI=PVAX 750
 
e MICRO mm-IBM PC
 



SAS IS A TOOL FOR REGRESSION ANALYSIS 

(STATISTICAL ANALYSIS SYSTEM) 

* 	 AVAILABLE FOR ALL LEVELS OF COMPUTERS
 

* 	 SUPPORTED BY THE SAS INSTITUE WHICH IS 

LOCATED IN NORTH CAROLINA, USA 

* 	 WORLDWIDE DISTRIBUTION AND SUPPORT 



SAS DISTRIBUTOR FOR EGYPT
 

AI-Falak Electronic Equipment & Supplies Company
 
P.O. Box 1963
 
Alkhobar 31952
 
Kingdom of S3udi Arabia
 
Phone (966) 3-896-560
 
Telex 670841 KIIALIJ SJ
 
Fax (966) 3-894-6560
 

Contact:
 
Mr. Tanweer Abbas (speaks Arabic)
 
Hr. Hichael Bramn (speaks English)
 



SAS IS A MULTIPURPOSE DATA ANALYSIS TOOL 

Q DATA STORAGE AND RETRIEVAL 

@ DATA MODiFICATION AND PROGRAMMING 

* REPORT WRITING 

* STATISTICAL ANALYSIS 

* FILE HANDLING 



SAS HAS MANY EXTENSIONS WHICH 

INCREASE ITS CAPABILITY 

SAS/GRAPH GRAPHICS 

* SAS/ETS TIME SERIES ANALYSIS 
AND FORECSTING 

SAS/OR OPERATIONS RESEARCH 



REGRESSION ANALYSIS / METHOD OF LEAST SQUARES
 
Given a set of x,y points find the line thatpasses nearest all the points and whose sum ofdistances from the actual point to the point
of the line is minimized. 

Y=b o + b1 X 



LEAST SQUARE PARAMETER ESTIMATES
 

-i (xi -x) (Y -Y) 

(X, ) 

b =Y-b0 I X 



Plot a scatter diagram and find the least squaries line for the fol.!owing
Example 9.1: 
data: 

x,: 1 2 3 4 5 
y,: 3 6 7 8 1i 

for this data is shown in Figure 9.8. In order to find b0 and 
The scater diagram 

have done in Table 9.2. 
h,it is helpful to arrange the numbers in a table such as we 

From this table, it is easy to find the sums necessary to ca!culate b. and b. From 

Equation (9.4), we find 
b, = :(x, - i)(y, -- .)/(x,- i)" 18/10 =1.8 

12 

I1
 

4
 

2 
FIGURE 9.8 

Scatter Diagramand 0 1 2 3 4 
Least SquaresLine for Example 9.1 X-

TABLE 9.2 
Sums Neededfor Example 9.1 

1 
2 

3 
6 

-2 
-I 

-4 
-I 

8 
1 

A 
1 

3 7 0 0 0 0 
4 8 1 1 1 
5 11 2 4 8 4 

:51 35 0 0 10 

and from Equation (9.5), we find 

b = - b = 7 - (1.8)(3) 1.6 

The least squares line is 

b,+ blx = 1.6 + 1.8x 

In this example, b. = 1.6 is a point estimate of fl, and b, - 1.8 is a point 

estimate of fl,. Whe line 1.6 -t-1.8x is an estimate of the true regression line fl, + fl1 x. 
This estimated regression line is shown in Figure 9.8. 

i 



REGRESSION ANALYSIS CAN BE USED AS 
A FORECASTING TOOL 

®LOAD GROWTH 

DEMAND BY SECTOR
 

ENERGY REQUIRMENTS
 



A GOOD MODEL
 

SIMP LE 

ACCURATE 

* MEANINGFUL
 



CONSIDERATIONS WHEN GATHERING DATA FOR ANAYSIS 

0 TIME 

* MONEY 

O COMPLETENESS 

* ACCURACY & RELIABILITY 

* DISAGGR'GATE 

O MAJOR SOCIAL/ECONOMIC CHANGES 



PROCEDURE REG IS USED TO GENERATE THE LEAST SQUARES 

LINE FOR A LNEAR MODEL 
CAPABILITIES OF PROC RGGNCLUDE: 

* 	 multilple MODEL statements 

* 	 print predicted values, residuals, studentized 
residuals and confidence limits 

* 	 print special influence statistics 

* 	 produce partial regression leverage plots 

* 	 estimate parameters subject to linear restrictions 

* 	 test linear hypotheses 



OUTPUT CHECKLIST 

0 	 REVIEW PARAMETER ESTIMATES AND 
THEIR ASSOCIATED ALGEBRAIC SIGNS 
--- are they ,. ituitive--

* 	 R2 - RELATES YHE % OF 
VARIATION IN THE DEPENDENT VARIABLE 
EXPLAINABLE BY THE INDE PENDENT 
VARIABLE --- NEAR 1 IMPLIES 
STRONG RELAT!ONSHIP BETWEEN X & Y 

0 	 CORRELATION ESTIMATE -
CORRELATION AMONG INDEPDENT VARIABLES 



U U 	 I F U I UNUt uli N U______ 

e 	 DURBIN-WATSON TEST FOR RESIDUAL 
INDEPENDENCE
 

D=2 - independent
 
D=0 - positive auto ^correlation
 
D=4 -negative auto correlation
 

@ EFFECTS OF POSITIVE AUTO CORRELATION 
1) coefficient estimates not efficient 
2) sub-optimal forecast
3) 	variance underestimated 

4) 	model may be misspecified 

0 	 COOK'S D STATISTIC 
IF > 1 OBSERVATION IS INFLUENTIAL 

* 	 EIGENVALUES 
IF MAX/MIN > 10 THERE IS 
MULTI COLLINEARITY 

a 	 VIF - VARIANCE INFLATION FACTOR 
inverse of corrrlation matrix 
IF > 10 there is a problem with the model 



OUTPUT CHECKING (cont.) 
SIGNS OF MULTI-COLUNEARITY 

* 	 F-TEST AND FR2 SIGNIFICANT BUT 

NONE OR ONLY 1 COEFFICIENT SIGNIFICANT 

* 	 ALGRBRAIC SIGNS NOT AS EXPECTED 

* 	 LARGE CHANGE iN COEFFICIENT WHEN A 

VARIABLE IS ADDED OR DELETED
 

LARGE CHANGE IN COEFFICIENT WHEN A
* 

DATA POINT IS ADDED OR DELETED
 

LARGE STANDARD ERROR OF COEFFCiENT* 

0 CORRELATION AMONG INDEPENDENT VARIABLES 



01) 1iU UHLUK L1 I tCoft 
REVEV PLOT OF RES DUALS 

V LINEAR RELAiONSHIP 

0 RANDOM 

0 CONSTANT VARIANCE 

0 INDEPENDENT 
0 OUTLIERS 

0 SEQUENCE 



A survey of the clerical employees of a large financial organization includes
 
questions related to employee satisfaction with their supervisor. There was 
a question regarding the overall performance of a supervisor as well as 
question6 that related to specific activities involving interaction between 
the super-visor and the employee. An exploratory study was umdertaken to try
 
to explain the relationship betveen specific supervisor characteristics and
 
overall satiafaction with supervisors as 
perceived by the employees. Initially,

six questionnaire items 
were chosen as possible explanatory variables. A
 
description of the variables is 
as follows.
 

Variable Description
 

Y Overall rating of supervisor 

X1 CWPLNT Handles employee complaints 

X2 DR\Voec not allow special privileges 

X 3 (f> Opportunity to learn new things 

X4 Raiser based on performance 

Xs . Too critical of poor performance 

XG Rate of advancing to better job 
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MODEL CROSSP.OCUCTS X'X X'Y Y'Y
 

XIX INTERCEP CflPLtNT rR OPFv0R RAISES CRT A VA INC RATING 

INTEFCEP 
CI:PL]T 

30 
1998 

1973 
132203 

159. 
10"77"1 

1591 
1133:15 

1939 
131 S2 

2243 
150101 

12&3 
E6G73 

1939 
133017 

rI;v 
oPrcR 
FAI SES 
CRIT 

ADVA!1C 

1591f 
1691 
1939 
2243 
1233 

1C!7"* 
11535 
13113. 
150101 
86673 

31'03 
91903 

1016'9 
117%"5 
6^0? 

319 11??r'3 
9?311 

1115.1 
126221 
742 

1 9 
111;61 

.,359 
lg'097 

25Z9 

1 V?' 
12,"I 
1i56097 
1705;1 
97136 

69(9 
7413,2 
85029 
97135 
5S353 

10t6 
1.1379 
127(190 
15519 
83311 

RATIN3 1939 133017 1043'6 G 111379 127;90 1-5519 83811 1Z3621 

SEQUENTIAL PARAMETER ESTIMATES 

INTERCEP 64.6333 
CIlrLL,'T 14.3763 0.75461 
PRIV 15.3276 0.7t0313 -0.05016 
OPr'OR 11.25t3 0.63q 16 -. i03234 0.237976 
RAISES 11.8335 0.691149 -. 1026 0.26331 -.025512 
CU1T 11.0111 0.692053 -.103552 0.249061 -.033'51 .0151833 
ADVAIC 10.7371 0.613100 -0.07305 0.320332 .0317321 .0S33'1 -.217057 

X'X INVEF'SE, B, SSE 

INVEPSE INTERCEP C1IPLT FRIV C;'P0P, RAISES CRIr ADVANC RATING 

INTERCEP 2.6L'3555 -0.00Z5,33 -0.00363362 -0.00S15359 -0.00132962 -0.0226505 0.0006562191 10.78708 
ChrPLlIT 
rpRIv 

-O.OCZ7133 
-0.00S3-'2 

0.00051G7622 
-0.0001(363 

-0.000163535 
0.05036S744' 

-0.00916-C;3t 
-.0G,%E5115 

-0.000371772 
.000-iS16729 

4.6775nE-07 
-.OO09O?15.3 

0.0002309332 
-. 000.7 36,i3 

0.6131876 
-0.0739U01 

OPPOR 
RAISES 

-0.00615359 
-0.00932,62 

-0.0001o3.3A 
-0.000371772 

-. 000C525115 
.0000"61372 

0.O005,-Z7.61 
-0.000153732 

-0.00015-932 
O.CT531702.' 

0.0000970261 
-0.009132773 

-0.0M020Z741 
-0.000337231 

0.320j,21 
0.0-3173213 

CRIT 
AOVANC 
RATING 

-0.0226535 
0.00C65.21 71 

10.73703 

A.6775.E-07 
0.0002319,32 

0.6131376 

-.000C00-'_63 
-. 00 0091,5 

-0.0730501 

0.0000)70:i" -U.0201?,773 
-0.00927] l741-0.50.1337 1 

0.3203321 0.03173213 

0.0001325292 
-.C.."0670503 

0.0,-..S 3,1 5 

-.0000570503 
0.00063572q9 

-0.217057 

0.P7S33145 
-0.217057 

119 



SAS 

DEP VAR!ABLE: rATING
 

SUM OF MEAN 
SOURCE DF SQUARES SQL,'rE F VALUE PRD3>F 

MODEL
E.'!NR 

6
23 

3147.966
1f1.000 

52K,4.661
49.956535 10.5.2 0.OOC1 

C TOTAL 29 42E6..%7 

ROOT 11SE 7.067994 R-SU,VrE 0.7326 
DEP MEAN 64.633333 ADJ R-sq 0.6623 
C.V. 10.93552 

PAtI'!ETER STANDAP. T FOR 110: STANDARDIZZO VARIANCE 
VARIABLE OF ESTIIATE ERrOR P.RA, ETE =0 PROB > ITI TYPE I SS TYPE II SS ES1ITIATE TOLERANCE INFLATIOII 

INTERCEP 1 10.707076 11.539257 -0.931 0.3616 125324 43.280136 0.000000 .0.000000 

CMPLNT 1 0.613183 0.160733 3.?09 0.0007 2927.5Z 72-1.80D 0.670725 0.7719q5 2.667061 
FRIV 1 -0.073050 0.135725 -.. 0.5..,-,, 16.4716C5 -0.v73fi27 0.62fi652 1.600391 
OPPOR 	 1 0.320332 0.163,520 1.901 0.[".,9 137.-67 1S0.505 0 .'C70 0.ei40326 2.2710!13

PAISES 	 1 0.0,7,2 0.221(73 0.369 0.7155 0. i"5 6.,,...6 0.069512 0.324352 3.C7.225
 
Cr.IT 	 1 0.0e, 0.. 463_31 0.7%53 0.565337 3. 0f564 0.031200 0.81260 1.22Z'109 

1 -0.217057 0.174209 -1.21.3 0.23M6 71.11c31'V 74.1001G4 -0.1t.3YK4 0.5124,02 1.951591 

COVARIA'CE 	 OF EST!ATES 

COV8 INTERCEP CMPLNT PrIIV Orrc. R4ISES CRIT ADVANC 

INTEPCEP 13q.3109 -0.127054 -0.181523 -0.307412 -0.n!5293 -1.13204 0.03278243 
CIPLt[T -0.127051 0.02591., S -0.C0"17l4,3 -0.001 ^ 57 -0.C015725 .0000233W57 0.01153912 
PRIV -0.181523 -0.00"17163 0.0 13't2119 -0.003 1,_, 0.0023053:3 -0.000457,i3 -n. O0C'0G34 
OPPCR -0.307ei12 -0.003 13167 -0.0031!.F. 0.0273971 -0.00763 '..39 ..OO4e,7v:033 -0.010428 
RAISES -0.216293 -0.01r,5723 0.0023CS3]3 -0.007639.-9 0.0'90O5_,r -0.00713073 -0.01653514 
CRIT -1.1320" .000023,5757 -0.0::..,,. 0.00 370-. -0.00915073 0.02160766 -0.0033'176 
ADVANIC 0.0327-Z43 0.01153912 -0.00 %s4 -0.010423 -0. C 165-" -0.00334,S 0.03175,362 

COIRELATIO;. OF ESTIMATES
 

CORRO INTERCEP CMPLlT PRIV OFPOR RAISES CRIT ADVANC
 

IITERCEP 1.0000 -0.05,1 -0.1154 -0.1574 -0.c0343 -0.6615 0.0159 
CIPLNT -0.051 1.0000 -0.37'11 -0.3017 -0.-1C9 0.0010 0.4022 
PRIV -u.1154 -0.3761 I.OOnO -0.13j5 0.0757 -0.ozz -0.10q6
OPPOR -0.1574 -0.3017 -0.11*5 1.00c0 -0.2c60 0.1957 -0.34,72 
RAISES -0.05CZ3 -0.5209 0.0767 -0.2059 1.0u009 -0.295 -0.4270 
CRIT -C.66i5 0.0 ,10 -0. 0229 0.1337 -0.2.05 1. 001, -0.1",9 
ADVAI:: 0.0139 0.4'22 -0e.12, -0.3172 -0.c,270 -0.1279 1.0U00 

COLLItEARITY DIAS!:CSTICS VARIANCE Fr O0CR.cl:S 



SAS v:co6 FRIDAY, MAY 24, 1985
 

CONDITION PORTION PORTICII PCP.TI01 P-02I0!1 PORTICN MPcTIO:N F1RTIO
 
J EP EIGENVALUE I1DEX ItrE!CEP C:;FLMT P..iV GI'FC2 I"INIS[S C2IT AP,V.,:C
 

1 6.875 1.000 0.0003 0.0003 0.0006 0.000 0.0002 0.093 0.0006
 
2 0.039867 13.132 0.0023 0.0760 0.1973 0.00'2 0.0005 0.0175 0.3079
 
3 0.035233 13.968 0.0796 0.00% 0.06i4t 0.C&77 0.0701 0.12:0 0.1759
 
4 0.023502 17.104 0.0033 0.0941 0.6577 0.1579 0.02:0 0.0142 0.0324
 
5 0.012765 23.20b O.1I14 0.2r97 O. 0 .*,i 0.L.U7 0.074 O.COC6 11.1273
 
6 0007579 30.111S 0.7523 O.0CSC4 O.0.24 0.1572 0.01"0 0.6754 0.11s8
 
7 0.005307 3.U09 O.OZ03 0.4971 0.0512 0.00i. 0.Z.37 0.16ql 0.213
 

PREDICT STD ERR LO:ER95/ UPPER95% LONEP95" UPPER95% STO ERR STUDOIT COOK'S
 
OBS ACTUAL VALUE rREDICT iIEt1 MEAN Pf.EDICT M2EDICT RESIDUAL RESIDU.4L RESIDUAL -2-1-0 1 2 0
 

1 43.000 51.110 4.136 42.555 59.665 34.170 68.050 -8.110 5.732 -1.415 1 I 0.14t9 
2 63.000 61.353 1.635 57.970 6q.7;5 46.345 76.3-0 1.6t7 6. 76 0.. II 0.000
 
3 71.000 69.939 3.137 63.450 76.47'r 53.313 &5.936 1.c61 6.331 0.157 0.001
 
4 61.000 61.227 2.870 55.259 67.165 45.4, S 77.003 -.22(3-t, 6.459 -0.035 1 0.000 
5 81.00 74.454 2.11 70.024 73.&3 5q.176 "?.731 6.5"i"6 6.7-'6 0.?72 0 0.01"t 
6 A3.000 53.942 3.92' 4 5.E2"1 62.030 37.2! 70.665 -10.9;,.'' 5.173 -1.861 *** 0.221 
7 58.000 67.163 2.492 61.9 3 72.204 51.515 82.652 -9.i3 6.61", -1.373 1 , 0.039 
8 71.000 70.097 2.563 64.794 75.400 5-.544 _5.650 0.902')3 6.537 0.1.37 0.000
 
9 72.000 79.531 4.017 71.222 87.f,13 62.714 96.343 -7.531 5.816 -1.235 *I 0.11', 
10 67.000 59.13 1.913 55.180 63.217 44.035 741.2f'2 7.E02 6.776 1.1e,3 I* 0.015 
11 64.000 57.9Z5 3.013 51.630 61.221 42.007 73.&"15 6.0/"4 6.379 0.952 * 0.029 
12 67.000 55.401 2.640 49.9':0 60.E62 39.793 71.009 11.5"9 6.557 1.7'9 I I" 0.072 
13 69.000 59.5^2 3.353 52.6(15 66.513 63.35) 75.765 9.613 6.222 1.514, IwI*0.0?5 
14 63.0CV0 70.214 5.136 59.464 &9.96" 52.057 8:.32 -2.214* 4.751 -0.4,2 I 0-0.5 
15 77.000 76.5"9 2.837 70.601 82.417 60.7)5 92..30.1 U.450671 6.474i 0.070 1I 0.000 
16 81.000 t4 .5 8 5.1S5 73.821 95.275 66.41( 102.672 -3.S 4.313 -0.739 l 0.091 
17 76.000 76.151 3.316 69.291 33.009 60.000 "2.300 -2.150 6.-2. -0.3il I 0.005 
18 65.000 61.397 5.20? 50.621 72.174 43.23, 7-.561 3.603 4.777 0.751'I I* 0.097 
19 65.000 68.017 2.537 62.665 73.:30 52. 07 -3.017 6.575 -0.ci59 0.005,3.535 I 
20 50.G00 55.620 3.120 49.-65 62.075 39.6.33 71.603 -5.620 6.3"42 -O.86Ii 0.027 
21 50.000 (2.603 3."31 35.503 49.700 26.351 53.'-:5 7.3,7 6.179 1.127 ] 0.063 
22 64.0. 63.19 2.3G, 53.923 63.710 45.402 79.235 0.13,0,3 6.651 0.027 1 0.000 

23 53.000 63.664 1.827 59.'"5 67.A',3 4f,5.562 71.7ES -10.66 6.23 -1.J62 *I l 0.025 
24 40.000 r44.625 4.533 35.2117 54.003 27.255 61.;95 -4.625 5.423 -0.0?,'3 II 0.073 
25 63.000 57.317 3.159 50.762 63.272 41.2"4 73.3,0 5.633 6.313 0.879 I 0.029 
26 66.000 67.31,3 4.9,- 57.591 73.05 4t9.976 C5.701 -1. 3 5.PZ? -0.3,1..6 I 0.01.3 
27 78.000 75.1;0 2.921 6Q.0.3 81.1'3 57.3':0 ,0.961 2.860 6.4126 O.:' I I 0.005 
28 48.000 56.0,5 2.96F 49.905 62.175 e,0.1,E,7 71.903 -8.05 6.415 -1.251 I II 0.04329 85.000 77.661 2.7... 71.933 ,3.333 61.96 93.3i5 7.339 6.513 127 I ** 0.032 

30 82.000 76.878 3.&04 69.010 ,:.'47 60.275 93. 2 5.122 5.957 0.,60 I0 I .043 

SUMtOF RESIDUALS 4.12115E-13
 
SLN OF SUARED RESIDUALS 1149
 

fAT DIAS COV DF.ETAS DFDETAS OFOETAS DFMETAS DrCETAS DFDETAS DODETAS
 
O S RESIDUAL RSTUDENT H RATIO DFFITS IIITEECEP CI:r LIIT F.'IV OTOG.r RAISES CP.IT A:',::C
 

1 -3.1103 -1.445,44 0.34',Z* 1.0972 -1.0450 0.1173 -0.02-3 0.5024 0.30f9 0.0006 -0.5351 -0.2460
 
2 1.64723 0.231"Y 0.9335 1.4172 0.05-3 0.01-5 0.0099 -0.0059 -0.0157 -0.0109 -0.0110 0.0319
 
.3 1.060.' 0.139 0.1970 1.-5"4 0.ri!2 -0.0";31 -0.0115 0.0321 0.0305 0.0735 0.0311 -0.0330
 

.ZZ32 -0.03i3 0.169 0.0001
- 2Z 1.65i0 -0.0153 0.0039 -0.0052 0.C033 0.V0,5 -0.0102 0.0033 

http:RESIDU.4L


5 

10 

15 

20 

25 

30 

H.'.T DIA5 COV D7ETAS OFtETAS DFBETA3 DFtETA3 DF3ETAS D1BETAS DFBETAS 
03S RESIDUAL RSTUDENT 1l RATIO DFFITS INTEP.CEP C::2LIIT FRIV OPPOR RAISES CRIT ADVANC 

6.5q62 
6 -10.9418 

0.9706 
-1.9753 

0.0918 
0.3053 

1.1207 
0.63,3 

0.3026 
-1.31.$ 

-0.1719 
-1.1259 

0.1092 
0.1499 

-0.0225 
-0.2071 

0.1025 
0.3S55 

-0.0720 
-0.2507 

0.1_3, 
1.1157 

0.0102 
0.0087 

7 -9.;A841 -1.4121b 0.1243 0.8'.37 -0.5323 -0.2900 0.0169 0.2605 -O.C7$7 -0.2210 0.1372 0.2327 
8 0.902993 0.1341 0.1315 1.5 23 0.C!22 0.0131 0 "- 0.0iG -0.0195 0.0205 -0.0523 0.0003 
9 -7.53099 -1.3153 0.3229 1.13 3 -0.927, 0.357 -M'210 -0.3119 -0.1164 -0.3123 0.6712 

7.C0154 1.156' 0.0755 0.9769 0.3195 0.0193 ,' -0.0926 -0.102 0.0079 0.1178 0.0332 
11 6.07623 0.9502 0.1S97 1.2615 0.533 0.1651 -O..1?0 .1,'5 0.2359 0.0913 -0.0706 -0.Z563 
12 11.599 1.615 0.1395 0.5613 0.7491 0.670 0.1L. -0.012 -0.6059 0.0M67 -0.0776 0.2563 
13 9.f1332 1.5602 0.2251 0.3'50 0.P803 0.495 -0.0 0.42O. -0.265 0.163S -0.3032 -0.4026 
14 -2.21101 -0.4511 0.5405 2.7g31 -0.4925 0.0320 -0.1670 -0.3793 0.2125 0.1732 -0.0373 -0.0053 

0.650571 0.0631 0.1611 1.6247 0.0293 -0.c?2 -0.063 -0.0077 0.0110 0.C153 -0.0013 -0.0118 
16 -3.5q785 
17 -2.15013 

-0.7312 
-0.3378 

0.53S2 
0.2201 

2.473Q 
1.6300 

-0.T$S 
-0.1794 

-0.261 
0.0513 

-0.:K 0 
-0.0p 

0.3007 -0.2(35 
.10.0172 .01 

0.3319 
0.0210 

0.3163 
0.012.5 

-0.0V14 
-0.1254 

18 3.60764 0.7469 0.5!32 2.5079 0.31'5 -0.11 1 -0.0133 0.1323 e.339 -0.5G57 0.2f32 0.31&3 
19 -3.01656 -0.4506 0.1340 1.4720 -0.1772 0.9673 0.0967 0.07r5 0.02C2 -0.0243 -0.0571 0.0131 

-5.6201421 7.39676 -0.CS19
1.2999 0.19'#9

0.2356 
1.3294
1.1334 

-0.4339
0.6712 

0.0273
0.5..2 

0.1 2
-0.096 

-0.3157
-0.1214 

0.276,3
-0.1729 

0.0007
-0.15"3 

-0.0254
-0.1353 

-0.1146
0.1113 

22 0.1&0983 0.0256 0.1119 1.535 0.007' -0.0019 -0.0C57 0.03035 0.02: 0.0 -0 0.0037 -0.0019 
23 -10.664 -1.6156 0.0663 0.6673 -0.4323 0.02SO -0.0115 -0.0!23 0.1019 -0.0316 -0.1392 0.1512 
24 -4.62475 

5.CO29 
-0.8476 

0.&956 
0.4114 
0.2010 

1.8519 
1.3276 

-0.70%-
0.4492 

-0.6103 
0.053 

0.3'$0 
-0.270' 

0.C021 
-0.00,3 

-0.255 
-0.016 

0.1j33 
0.3232 

0.2747 
-0.0096 

-0.1665 
-0.2766 

26 -1.843q7 -0.352 0.4917 2.5777 -0.35;'9 0.0%S5 -0.0051 -0.02,3 0.1743 -0.133# 0.1"," -0.2072 
27 2.85964 0.4364 0.170S 1.5198 0.1081 -0.0731 -0.0795 -0.0131 0.1010 0.1C"16 -0.003 -0.0707 
25 -8.0M535 
29 7.33917 

-1.2709 
1.1333 

0.1763 
0.1503 

1.0093 
1.0201 

-0....1 
0.6778 

-0.0257
-0.1476 

-0.1120
0.1304 

0.0723
0.1335 

0.0729 
-0.0150 

C.:57,3
-0.0022 

-0.3609
-0.1264 

-0.1016
0.1537 

5.1215 0.83t7 0.2896 1.52,';8 0.5157 -0.0271 0.093 -0.4015 0.0153 -0.2153 0.1058 0.0711 

DLBIN-WATSMH 0 1.795 
1ST ORDER UTOCORRELATIOH 0.062 
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PLOT OF YRES*COUNT LEGE;D: A 1 OBS, B 2 03S, ETC. 
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SUPPLY/DEMAND BALANCIiNG 

CHARLES M, MACAL
 

CENTER FOR INTERNATIONAL ENERGY DEVELOPMENT
 

ENERGY AND ENVIRONMENTAL SYSTEMS DIVISION
 

ARGONNE NATIONAL LABORATORY 

ARGONNE, ILLINOIS 60439

U.S.A,
 



ENERGY SUPPLY/DEMAND BALANCING
 

OuTlLINE 

o BASE YEAR BALANCE 

PROJECTING FUTURE BALANCES
 

MODELING APPROACHES
 

ARA
 



BASE YEAR BALANCE 

A GA 



THE BASE YEAR BALANCE HAS AN IMPORTANT ROLE
 

0INTEGRLITE HISTORICAL DATA ON ENERGY SUPPLY
 

AND DEMAND FLOWS
 

- EN:ERGY NETWORK 

- DATA GAPS, INCONSISTENCIES
 

PROVIDES A FRAMEWORK FOR PROJECTING
 

FUTURE ENERGY FLOWS 

- BASIS FOR PROJECTIONS 

- TOOL FOR ANALYZING PL41N1NING ISSUES 

ATI
 



ENERGY NETWORK REPRESENTS ENERGY FLOWS 

FROM SUPPLY TO DEMAND 

DISAGGREGATE ENERGY SECTOR INTO ACTIVITIES 

AND FLOWS 

ACTIVITIES 

- ENERGY RESOURCE PRODUCTION, IMPORTATION 

- PROCESSING 

- TRANSPORT, DISTRIBUTION 

- UTILIZATION 

o LEVEL OF DISAGGREGATION DEPENDS ON THE USE 

FOR THE NETWORK 

AIEI A 



0 

CONSIDERATIONS INNETWORK DESIGN
 

LEVEL OF DETAIL
 

- DEMAND SUBSECTORS 

- PROCESS TYPES
 

- REGIONALIZATION
 

DATA
 

- AVAIL-ABILITY 

- TIME REQUIREMENTS FOR 

COLLECTION, PROCESSING AND
 

ANALYSIS
 



ESTABLISHING A BASE YEAR NETWORK BALANCE 

ISAN ITERATIVE PROCESS
 

* COMPILE DATA
 

IDENTIFY INCONSISTENCIES AND GAPS
 

* COLLECT DATA
 

o MAKE ASSUMPTIONS
 

3N. 



PROJECTING FUTURE ENERGY BALANCES
 



METHODS OF PROJECTING FUTURE
 

SUPPLY/DEMAND BALANCES 

K BALANCINGM.LNUAL 

ACCOUNTING MODELS (COMPUTERIZED
 

KNUAL BALANCING)
 

* ENERGY SECTOR MODELS
 



ENERGY SUPPLY/DEMAND BALANCE PROBLEM FOR FUTURE YEARS
 

F UT U RE
PRESENT 

0 GOVERNMENT POLICIES* 	BASE YEAR ENERGY a ENERGY DEMAND 

SUPPLYIDEMAND BALANCE
 

o 	ENERGY IMPORT PRICES o STRATEGIES
 

o 	 RE.SERVES AND COSTS OF
 
ENERGY RESOURCES
 

AVAILABILITY AND COST OF
 
EhERGY TECHNOLOGIES
 

ENERGY SUPPLY/DEMAND
 

BALANCE PROCEDURE
 

FUTURE EMERGY SUPPLY/DEMAND BALANCES
 

a QUANTITIES OF ENERGY FLOWS
 

o 	 COSTS AND PRICES OF ENERGY FLOWS 



FUEL CHOICE DECISION POINTS
 

ARE EMBEDDED iNTHE NETWORK
 

FUEL SUBSTITUTION
 

FUEL/TECHNOLOGY SUBSTITUTION
 

FUEL SUBSTITUTION FOR
 
GIVEN TECHNOLOGY
 

FUEL COMPLEMENTARITY
 

~FUEL..ZITECHNOLOGY.* 0 DECISION POINT A0A 
A R
 



- START WITH BASE YEAR SUPPLY/DEMAND BALANCE
 

- PROJECT ENERGY DEMANDS 

- ESTIMATE PROCESS THERMAL EFFICIENCIES 

- BACKTRACK DEn-ANDS THROUGH NETWORK PROCESSES 

- ESTIMATE ENERGY FLOWS AT NETWORK BRANCH P01.TS 

NA4 



FUEL CHOICE DECISION POINTS
 

ARE EMBEDDED INTHE NETWORK
 

FUEL SUBSTITUTION
 

A 

FUEL/TECHNOLOGY SUBSTITUTION r
 

FUEL SUBSTITUTION FOR
 
GIVEN TECHNOLOGY
 

FUEL COMPLEMENTARITY 

0 DECISION POINT
 --- FUEL,LI-TECHNOLOGY, 




MANUAL BALANCING MECHANICS
 

- START WITH BASE YEAR SUPPLY/DEMAND BALANCE 

- PROJECT ENERGY DEMANDS 

- ESTIMATE PROCESS THERMAL EFFICIENCIES 

- BACKTRACK DEMANDS THROUGH NETWORK PROCESSES 

- ESTIMATE ENERGY FLOWS AT NETWORK BRANCH POINTS 



FACTORS CONSIDERED IN ESTIMA4TING 

ENERGY FLOWS AT BRANCH POINTS
 

MARKET RESPONSE
 

- RELATIVE FUEL PRICES 

GOVERNMENT CONTROL OF PRICES
 
AND/OR QUANTITIES
 

GOVERNMf-ENT OBJECTIVES 
- PRiORITY TO DOMESTIC RATHER THAN 

IMPORTED FUELS 

- PRIORITY TO LABOR-INTENSIVE ENERGY 
ACTIVITIES
 

- PRIORITY FUEL ALLOCATIONS TO 
PARTICULAR ENERGY-USING SECTORS 

A0
 



0 

MANUAL BALANCING VS ENERGY MODEL 

0 AFOREMENTIONED FACTORS CONSIDERED
 

IMPLICITLY IN MIANUAL BALANCE AND 

ACCOUNTING MODEL, 

FACTORS CONSIDERED EXPLICITLY IN 

ENERGY SECTOR MODEL
 

AT0 A 



MODEL ING APPROACHES
 

AOP\
 



ENERGY COST ISMOST COMMON BASIS
 

FOR ESTIMATING ENERGY FLOWS
 

ADDITIONAL DATA NEEDED
 

TECHNOLOGY PARAMETERS
 

o 	 FUEL IMPORT AND DOMESTIC 

RESOURCE PRICES 



CONVERSION"i PRO"ESS DATA
 

CAPITAL COST OF REPRESENTATIVE FACILITY ($)
 

CAPACITY (r'lBTU/YR)
 

OPERATING & MAINTENArlCE COST (NON-FUEL) ($/YR)
 

THERMAL EFFICIENCY
 

LEAD TIME (YRS)
 

FUEL "OUTPUT PRICE 
PRICE CONVERSION = FUEL PRICE/9 

- ~PRO'CESS ... : 
---- + O&W COSIl
 

+ CAPITAL CHARGE
 

A 



PREDICTIVE VS. NORMATIVE
 

MQDELING APPROACHES
 

* 	PREDICTIVE
 

WHAT WILL HAPPEN GIVEN
 

ASSUMPTIONS
 

ASSUMES GOVERNMENT HAS
 

LIMITED CONTROL
 

* 	 NORMAi LVE 

-	 WHP T SHOULD HAPPEN GIVEN
 

GOVLRNMENT OBJECTIVES
 

-	 ASSUMES GOVERNMENT HAS 

TOTAL CONTROL
 
a0 


A
 



PREDICTIVE MODELS
 

EQUILIBRIUM
 

SIMULATION
 

. A 



EQUILIBRIUM MODEL
 

o 	SET OF EQUATIONS REPRESENTING
 

ENERGY QUANTITIES AND PRICES
 

s SOLVE FOR EQUILIBRIUM QUANTITIES
 

AND PRICES
 

e 	INCLUDE GOVERNMENT REGULATION 

AND DECENTRALIZED OBJECTIVES 

N1 

;44.0
 



EQUILIBRIUM MODEL CONVERSION PROCESS EXAMPLE
 

= P0 +
0 Qi X e Po eOri 
e 

+ COST 
TERM
 

A n 



NORMATIVE MODELS
 

o LINEAR PROGRAMS (QUALIFIED) 

c MULTI-OBJECTIVE PROGRAMS 

oN 



LINEAR PROGRAM 

OBJECTIVE: 

MIN TOTAL COST: x 

CONSTRAINTS: 

(DEM~AN1D, CAPACITY, 

A IV , 

CW\NG',-E RATE, 

BBI 
I 

ETC.) 

",2...n 



EQUILIBRIUM MODELS
 

ADVANTAGES 

FLEXIBLE AT REPRESENTING COMPLEX 

PRICING POLICIES 

- DECENTRALIZED OBJECTIVES ARE 

EASILY EfMlBEDDED IN NETWORK 

- MARKET SHARE DISTRIBUTION NOT 

LEAST COST 

DISADVANTAGES 

- CONSTRAINTS DIFFICULT TO MODEL 

- MODEL SOLUTION SOMETIMES DIFFICULT 

TO SOLVE FOR 



LINEAR PROGRAM 

ADVANTAGES 

-

-

COi'STRAI ITS HANIDLED EASILY 

MODEL SOLUTION IS ROUTINE 

o DISADVAWNTAGES 

- PRICING POLICIES VERY DIFFICULT 

TO HAINDLE 

- ASSUMES GOVERNMENT CONTROL OVER 

ALL PRICES AND QUVANTITIES 

- KNIFE-EDGE SOLUTION CHARACTERISTICS 

- LEAST COST SUPPLY ASSUMPTION 

A~3 A 



DYNAMIC MODELS LINK
 
SOLUTIONS THROUGH TIME
 

o CAPACITY INPLACE
 

o MARKET SHIFS 

Nj_ 



SUMIMTARY:. 

IMPORTANT ASPECTS OF ENERGY MODELS
 

o ACCOUNTING/COST BASED 

o NIORr.ATIVE/PRED I CTIVE 

e STATIC/DYNAMIC 

@ LEAST COST SOURCE/ALLOCATION MIX 

A 



CONSIDERATIONS INSELECTING
 

AN ENERGY MODEL
 

0 	CAPABILITY TO ADDRESS THE PARTICULAR 

ENERGY PLAN.ING iSSUES 

o 	 EASE OF UNDERSTAP.i2.!G THE WORKTIGS OF 

THE MODEL (AND i TERP ETING THE RESULTS) 

e RESOURCE REQUIRE.E.INTS TO I'PLEMENT THE 

MODEL
 

FR 



AGRICULTURE END USE DEVICES
 

o MIOB ILE SOURCE 
o CROP DP,1G 

o 	IRRIGAT'OUN 9 DRAIPINAGE PUIMPS 
Ir Tlll 
- - ERG
y 

L i G1'T ! !iG
 



of Agricultural-SectorEfficienciesComparison of Base-Yeair 
End-

Devices with Moderate and Enhanced Conservation
 

Cutegeary of 
useful Energy "!ziJUa 

loar 
Wcizyb 

cnevation 
Eificiencyb~c 

TechId'a1 
Ch~g Llitd 

cbwertioni 
[:[i~C11aCyb,c 

Tectinical 
Mian~ Li1lO 

to~roveovat 
of ft ower;LN 

Direct Rest 
Aniy Pual 

- blatitlate 
Ott Crop 

0.60 0.65 1.0a 0.70 15 

Solar~ Cropb 0.9309 1.0 09 . 

Dryar w1ith 
D10tilloto 

1.09
0.63
1.03
0.60
0.58
ttactric
glacerochefileat 


3 frc= a dItc~arecited drto cot. 
Imto Zert: cate~criec*!!rhatI*Dvico 92fleLcrae7 data hae@ been 

(ener27 e@causia).
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b6TL3 Elio tdsiclV 61? thQ 4davica arA to 
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for the cc;.carvVztin ct~c:7 * Th@oca
VI~C =ZZLOt cbta(ni-b~z
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with backup Is a czmb[nc efficionmw of both dL.ea~ based 
at the coor davicieOTh 3 effLetency 

and backup wsac~.
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PROCESS EQUATIONS FOR NETWORK EXAMPLE
 

= 
NOTE: Pi price on input link of process
 
= 
Po price on output link of process 

Qi = quantity on input link of process 
Qo - quantity on output link of process 

RSI (Resource Process 1)
 

P = 5 + .5 Q + .02 Qo
2
 

RS2 (Resource Process 2)
 

= 
Po 34.77
 

PP1 (Pricing Process)
 

P0 .8 Pi
 

Qo Qi 

DECI (Decision Process) 

Po = Pi(link 1) Siinkl + Pi(link3) Slink3 

where SlinkI lnI ) / i 1i+n 

link3 ( i(!ik
 

i(linki(linkl)
+ i(link3) 

S 111PR1 (Conversion Process)
P+ OH L TC ] Fi~ tI:1 

QoiQi
 

DEML (Demand Process) 

=
 Qi 500/P
 



DATA FOR NETWORK EXAMPLE
 

RS1 (Resource Pocess 1) 

+ 

5 + .5 Q2P2 


RS2 (Resource Process 2)
 

Supply Curve: P 


PPJ (Pricing Process)
 

Price Multiplier 


DECI (Decision Process)
 

.02 Q2 

34.77
 

.8
 

Price Sensitivity Parameter: r 1.0
 

PRI (Conversion Process)
 

Efficiency: n .77
 

O&M Cost: OM 1.5
 

Total Capital Cost: TCI - 16,900
 

Capacity of Plant: CAPM = 803.4
 

=
Plant Life: 	 n 30
 

=
Interest Rate: i 	 .10
 

n
Capital Recovery Factor CRFi = .10608 

DEMI (Demand Process) 

Demand Curve: Q = 500/P 



ITERATION PROCEDURE FOR EXAMPLE NETWORK
 

Start with assumed values of output quantities of the resource processes: 

Q1 = 100 (Resource process 2) 

=Q2 10 (Resource process 1)
 

U -link nos.
 

UP-PASS PRICE EQUATIONS:
 

RS 1: 

P2 = 5 + .5 Q2 + .02 Q22
 

RS2: 

P1 - 34.77 

PPI: 

- .8 P2
 

DEC1:
 

P3 


P4 = PI S1 + P3 S3 

where SI (1/P1 )r/[(I/p I)r +(i/P3)r ] 

S3 = (1/P3)r/[ •
 

PRI: 

16900 . 
P +-1.5 + (60 .10608

5 .77 803.4
 

END OF UP-PASS.//
 

DOWN-PASS QUANTITY EQUATIONS: 

DEM I 

= 
Q5 500/P 5
 

PRI: 

Q5 /.77Q4 = 



DEC1: 

Qt = Q/4S1 where S1 is computed as in the up-pass 

Q3 = Q4 S 3 where S3 is computed as in the up-pass 

PPI:
 

q = Q3 

END 	 OF DOWN-PASS.// 

END OF ITERATION 
?1. 	 Compare Q QI
 

Q2 Q2
 

2. 	If equal, these prices and quantities constitute an equilibrium
 

solution. STOP.
 

3. 	If not equal, adjust Q, and Q2 and begin another up-pass.
 



ITERATION RESULTS FOR NETWORK EXAMPLE
 

Iteration I
 

= 
Assume Q1 = 100 Q2 10 

= 
PI 34.77 Qt = 3.357
 

P = 12.4929 11I677
 
= 
P3 9.9944 Q3 = 11.677
 
= 
P4 30.3847 Q4 = 15.034
 
=
P5 43.1921 Q5 - 11.575
 

Iteration 10 (Converged Solution)
 

= = 
Adjusted Q1 6.318, Q2 15.520
 

= 
PI 34.77 Q* ,8
 

P 34.7 6.282
1 

= P2 17.5771 Q2 - 15.534
 

P3 - 14.0617 Q3 - 15.534
 
P4 ' 20.9458 Q4 - 21.816
 

=
P5 - 20.7651 Q5 16.798
 

I 1 and Q2 2;STOP 

SOLUTION FOR r = 15 (least cost source) 

P1 - 34.770 Q, - 0.0006
 
P2 - 25.1915 Q2 - 21.674
 
P3 20.1532 Q3 - 21.674
 
P4 = 20.1897 Q4 - 21.630
 

P5 = 29.9518 Q5 = 16.694 

SOLUTION FOR r = 1.0 and priority on resource production of resource 2
 
(capacity = 10.0).
 

= =
P1 34.770 Q1 10.0
 
P2 11.8292 Q2 = 9.96
 
P3 = 9.5362 Q3 - 9.963
 
P4 = 22.1717 Q4 = 19.963
 

=
P5 = 32.5271 Q5 15.372 



DATA FOR NETWORK EXAMPLE
 

RS1 (Resource Process 1) 

+ 

5 + .5 Q2 .02 Q2P2 

RS2 (Resource Process 2)
 

Supply Curve: P 34.77 

PP] (Pricing, Process) 

Price Multiplier = .8 

DECI (Decision Proces;) 

Price Scnsitivity Parameter: r - 1.0
 

PRI (Conversion Process) 

Efficiency: n .77 

O&M Cost: OM = 1.5 

Total Capital Cost: TCI - 16,900 

Capacity of Plant: CAPM - 803.4 

Plant Life: n - 30 

Interest Rate: i - .10 

Capital Recovery Factor CRFin .10608
 

DEMI (Demand Process) 

Demand Curve: Q - 500/P 



DECI:
 

SQ/ 4S. where S1 is computed as in the up-pass
 

=
Q3 Q4S3 	 where S3 is compu,-ed as in the up-pass
 

PPI:
 

*= 	Q3 

END OF DOWN-PASS.//
 

END OF ITERATION
 

-1. 	 Compare Q Q1
 

Q2 ? Q2
 

2. 	 If cqual. these prices and quantities constitute an equilibrium 
solution. STOP. 

3. 	If not equal, adjust Q1 and Q21 and begin another up-pass.
 



ITERATION PROCEDURE FOR EXAMPLE NETWORK
 

Start with assumed values of output quantities of the resource processes: 

Q1 = 100 (Resource process 2)
 

=Q2 10 (Resource process 1)
 

link nos.
 

UP-PASS PRICE EQUATIONS:
 

RSI: 

2
P2 5+ J Q2 + .02 Q2 

RS2 : 

5 + 

34.77P1 

PP1: 

P 3 .8 P2 

DECI : 

P4 " P1 S I + P3 S 3 

where S I (_/P)r/[(i/P)r + (j/P 3 )r] 

S3 = (l/P3 )r/[ .
 

PRI: 

P, + 16900 
P5 7 1.5 + 803.4 .10608 

END OF UP-PASS.// 

DOWN-PASS QUANTITY EQUATIONS: 

DEM 1 

= 500/P 5
 

PRI:
 

Q5 /.77Q4 = 

/
 



DECI:
 

Qt = Q/4S1 where S1 is computed as in the up-pass 

=Q3 Q4 S3 where S3 is computed as in the up-pass 

PP1:
 

Q = Q3 

END OF DOWI-PASS.// 

END OF ITERATION 

1. Compare Q1 Q1
 

Q2 Q2 

2. If equal, thesc pri.ce aid quantities const 



ELECTRIC POWER SYSTEMS
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THE MATERIAL FOR TODAY FOCUSES ON ELECTRIC GENERATION
 

PLANNING ISSUES...
 

o OVERVIEW OF ELECTRIC SYSTEM PLANNING
 

o KEY DEFINITIONS 

o PROBLEM SESSION 

o GENER-ATION PLANNING PROCESS 

o 1,WIEN AUTUKA]IC SYSTEH PLANNING (WASP) 

o SCREENING CURVES 

o PROBLEM SESSION 



ELECTRIC SYSTEM PLANNING IS
LINKED TO OVERALL ENERGY
 

PLANNING PRIMARILY THROUGH 
THE DEMAND FORECAST
 

CONNECTIONS:
ADDITIONAL 

ANALYSISFINANCIAL 

o RESOURCE USE 

BENEFITS OF LINKAGE:
 

AVOID EFFORT DUPLICATION
o 

PROVIDE CONSISTENT ASSUMPTIONS 
FOR MAJOR INDEPENDENT
 

o 

VARIABLES, SUCH AS POPULATION 
GROWTH
 

DEVELOP UNDERSTANDING FOR BASIS 
OF FORECAST
 

o 



COLLECTION OF
 
ELECTRIC SYSTEM PLANNING 

ENCOMPASSES A BROAD 

ACTIVITIES SPANNING SEVERAL 
TiE HORIZONS 

TIME FRAVE
 

<__c
% Shr 

re-isnncregsing Timedim Long 

(< 5 C.rsV5i (>~Gs1~0 yea rs) 

Demand AREAS I AARY 

>I- EMPHA SiS FOR -
THiS ,.0"UDEO0K 

Q) 

~-----------" 

t Trcansmissi,° l
Cr 


Distribution 

implies Intercellular Inierations iobe Addressed 
.
 



THE PRIMARY OBJECTIVE OF A PUBLIC UTILITY COMPANY
 

ISTO ADEQUATELY MEET DEMAND AT MINIMUM COST
 

o MEANING OF "ADEQUATELY" 

CONSTRAINTS
 

FINANCIAL
 

RESOURCE
 

- TECHNICAL 

- ENVIRONMENTAL 

- POLITICAL 

- INFRASTRUCTURE 



FOUR 


i.~jI, 

2.E
DS 

3. 

14, 1 h 

tE msqRED
B~ ~o~UESTION' MUST 

INThE PLANNING 
pROCESS 

O ENSURE AN AppRORIATE 
CAPACTIES TO INST 

LL 


LEVEL OF RELIABILW? 

MONG T-E DIFFEREN 
TAE BESf COJi'B2IC 

-D LATERON O? 
C~ T jpN D NO\ 1 AP 


m m INTENT?
" IS LO"OLOCE 


"
 IS TilE PROPER TWE TO INCORPOMTE "hE1' INTO 

SYST E? 



SYSTEM PLANNERS FACE NUMEROUS 
COMPLEXITIES
 

* COORDINATION OF SYSTEMA 
PLANNING CATEGORIES
 

o UNCERTAINTIES 

- DEMAND
 

TECHNOLOGY PERFORMANCE
 

- FUEL AVAILABILITY AND COST
 

FINANCIAL CONDITIONS
 

LONG TiME HORIZONS
 

G ENORMOUS NIUMBER OFALTERNATIVE 
LONG-TERM EXPANSION
 

PATHWAYS
 

GIVEN A PARTICULAR GENERATING 
SYSTEM CONFIGURATION,
 

SYSTEM OPERATION MUST BE OPTIMIZED
 



VARIOUS TYPES OF PLANNING REQUIRE 
DIFFERENT TIME HORIZONS
 

Budget
 

Z] Cash Flow 
10 11 12 Years7 92 4 5 60 1 3 

l... ..I. I n I Ii
 
D Load Dispatcher 

I rbuton 

i TransmIss!on 

ossilE 


Hydroelectric I 

Strategic Planning 



UTILITY DEVELOPMENT PHILOSOPHY SHOULD BE CLEARLY STATED
 

o ISOLATED VS. INTERCONNECTED OPERATIONS 

- EMERGENCY SUPPLY
 

- INTERRUPTIBLE EXCHANGE
 

- JOINT PLANNING
 

- SHORT-TERM PU RCHASES/SALES
 

- ENTITLEMENT ARRANGEMENTS
 

- JOINT OWNERSHIP
 

6 EXTERNAL CONSIDERATIONS 



MAJOR ISSUES MUST BE ADDRESSED INDEVELOPING A
 

LONG-RUN EXPANSION PLAN FOR THE GENERATING SYSTEM
 

o DEMAND 

IECHNOLOGY 

O ECONO IC 

Ro ABII.ITYREL 

o PRACTICAL CONSTRAINTS 



THE DEMAND FORECAST IS CLEARLY ONE OF THE MOST
 

IMPORTANT PARTS OF GENEATING SYSTEM ANALYSIS
 

o POWER (KW) 

o ENERGY (KWH) 

o LOAD VARIATIONS OVER TIME 

o RANDOI NESS OF LOAD 

o ERRORS INFUTURE ESTIMATED DEMAND
 



VARIOUS TECHNOLOGIES ARE CURRENTLY AVAILABLE AS
 

CANDIDATES FOR EXPANSION OF GENERATING SYSTEMS
 

* NUCLEAR
 

o FOSSIL
 

o HYDROELECTRIC 

o COMBUSTION TURBINES 

o DIESEL ENGINES 

e COMBINED CYCLE 

o PUMPED STORAGE 



THE PLANNLR MUST 	ALSO CONSIDER 
POTENTIAL FUTURE OPTIONS.
 

STEAM (WOOD, SOLAR, GEOTHERMAL, 
ETC.)
 

a 

o FUEL CELLS
 

o PHOTOVOLTAI C 

o 	 WIND TURBINES 

ENERGY CONVERSIONOCEAN THERMAL 

n TIDAL POWER 

m STORAGE (BATTERY, COMPRESSED AIR) 



A FUNDAMENTAL ASPECT OF ANY ECONOMIC
 

EVALUATION ISTHE TIME ELEMENT
 

YEARS FOR ANALYSIS
* 30-45 

TI4E VALUE OF MONEY 

- INFLATION (DEFLATION)
 

- REAL. CHANGES OVEP. TIME 

e SELECTION OF DISCOUNT RATE 

ALTERNATIVES
NECESSARY FOR COMPARING 

RESULTS ARE CLEARL.Y SENSITIVE -

- SCARCITY OF CAPITAL 



THE LEVEL OF ADEQUACY FOR MEETING
 

DEMAND ISANOTHER IMPORTANT ISSUE
 

- RANDOM BREAKDOWNS 

- DEMAND VARIATION
 

- HYDROELECTRIC VARIATION
 

- SCHEDULED HAl NTENANCE 

- NUCLEAR REFUELING 

CHANGES INNEW CAPACITY AVAILABILITY
-




RELIABILITY
METHODS FOR INCLUDING SYSTEM 

IN SYSTEM PLANNING VARY 

o TECHNICAL CONSTRAINT 

- RESERVE MARGIN 

- LOLP 

- UNSERVED ENERGY
 

COSTS OF DIFFERENT RELIABILITY LEVELS
 o 



ONCE A POTENTIAL GENERATION SOLUTION ISFOUND
 

OTHER CONSTRAINTS MUST BE CONSIDERED
 

o TRANSMISSION
 

o UNIT SIZE 

o FUEL 

o MANPOWER 

o FINANCIAL 

o ENVIRONMENTAL 

o INFRASTRUCTURE
 

a SITING
 

o DISTRIBUTION
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THE FULL COMPLEXITIES OF ELECTRIC SYSTEM PLANNING.
 

MUST BE RECOGNIZED FOR BEST GENERATION ANALYSIS
 

a ELECTRIC VS. OVERALL ENERGY PLANNING
 

o DIMENSIONS OF ELECTRIC SYSTEM PLANNING 

a ISSUES FOR ANALYSIS 



KEY DEFINITIONS
 



TO MAKE BEST USE OF THE INFORMATION PRESENTED IN
 

THIS COURSE, WE NEED TO AGREE ON DEFINITIONS
 

a LOAD FACTOR
 

o CAPACITY FACTOR 

o AVAILABILITY 

o SCHEDULED MAINTENANCE 

a FORCED OUTAGE
 

HEAT RATE
 

LOADING ORDER
 

SPINNING RESERVE
 



LOAD FACTOR ISTBE AVERAGE 
LOAD
 

FACED BY A GENERATING 
SYSTEM
 

SYSTEM GENERATION
 L.F. 

X PERIOD HOURS
PEAK LOAD 


INCLUDES LOSSES (MUST BE COuSISTENT)
 

NET OUTPUT OF GENERATING UNITS
 o 



ANNUAL LOAD FACTOR IS OFTEN VERY DIFFERENT
 

FROM PERIOD LOAD FACTORS
 

N
 

LFi x PLj
 
=ANNUAL 


N i=1 ANNUAL PEAK LOAD
 L.F. 


N NUMBER OF SEASONS
 

PLi= SEASON PEAK LOAD
 

LFi= SEASONAL LOAD FACTOR
 



CAPACITY FACTOR ME.ASURES 
OUTPUT OF A SINGLE
 

GENERATING UNIT
 

TOTAL KWH GENERATED
PERIOD 
CAPACITOR UNIT CAPACITY x PERIOD HOURS 



THE FORCED OUTAGE RATE IS
A KEY CONSIDERATION
 

IN GENERATION PLANNING
 

X 100%FORCED OUTAGE HOURS 

FOR =GENERATION HOURS + FORCED OUTAGE HOURS 



PLANNED OUTAGE RATE REFERS TO INSPECTION
 

OR OVERHAUL OF MAJOR EQUIPMENT
 

o ANNUAL BOILER OVERHAUL 

o 5 YEAR TURBINE OVERHAUL
 



OUTAGES ACCOUNT FOR SERVICE 
THAT
 

MAINT NANCE 
ONLY FOR A SHORT TIME 

BE DEFERREDCAN 

OUTAGE\qTfl PLANNED 
o OFTEN4 COMIBIN!ED OUTAGE 

TO YIELD COMPOSITE SCHDULED 

RATE 

ASI1CLUDEDPARTLYoSOMEI'ES 
7IMEFORCED OUTAGEEQUIVALENT 

OF RANDOViNESSBECAUSE 



A PERIOD OF IMMATURITY ISOFTEN
 

WITH NEW UNITSASSOCIAIED 

12O 
 300 - 599 MW 
-"--"" --
FOR 

(%) 8

130 - 199 MW 

0 
1 2 3 4 5 6 

YEARS OF SERVICE 



AVAILABILITY IS INFLUENCED BY MAINTENANCE,
 

FORCED OUTAGE, AND REPAIR
 

TOTAL PERIOD HOURS (PH) =
 

SERVICE HOURS (SH) +
 

SCHEDULED OUTAGE HOURS (SOH) +
 

"
 FORCED OUTAGE HOURS (FOH) 


RESERVE SHUTDOWN HOURS (RSH)
 

PH = SH + SOH + FOH + RSH 



AVAILABLE HOURS INCLUDE SERVICE HOURS
 

AND RESERVE SHUTDOW!N 
HOURS
 

AH = SH + RSH
 

AVAILABLE HOURS
 



PLANNED OUTAGE RATE IS
 

POR = SOH 
PH
 

FULL FORCED OUTAGE RATE IS
 

FOH
FOR 

FOH + SH
 



EQUIVALENT FORCED OUTAGE HOURS
 

ACCOUNTS FOR PARTIAL OUTAGES
 

EFOH = .(FORCED PARTIAL OUTAGE HOURS X PER-UNIT 

i SIZE OF CAPACITY REDUCTION) 

(DOES NOT INCLUDE FULL OUTAGES)
 



THE EQUIVALENT FORCED OUTAGE RATE ACCOUNTS FOR
 
BOTH PARTIAL AND FULL OUTAGES
 

+ EFOHEFOR = FOH 
SH + FOH 



THE EQUIVALENT AVAILABILITY IS DEFINED
 

INTERMS OF POR AND EFOR
 

EA = (I- POR ) x (I- EFOR)
 

EA ISTHE MAXIMUM CAPACITY ACHIEVABLE INTHE PERIOD
 



PROBLEM SESSION
 



1. COMPUTE THE ANNUAL LOAD FACTOR FOR THE FOLLOWING
 

CONDITIONS:
 

SEASON PEAK LOAD (MWE) LOAD FACTOR 

1 1000 .60 

2 1200 .57 

3 1500 .55 

4 1000 .60 

2.COMPUTE AVAILABLE HOURS, EQUIVALENT FORCED OUTAGE HOURS,
 
PLANNED OUTAGE RATE. FORCED OUTAGE RATE. EQUIVALENT FORCED
 
OUTAGE RAJE, EQUIVALENT AVAILABILITY, MAXIMUM CAPACITY
 
FACTOR, AND MAXIMUM GENERATION INKWH FOR A 100 MWE
 
GENERATING UNIT UNDER THE FOLLOWING CONDITIONS:
 

1000 HOUR PERIOD (PH)
 

620 HOURS OF OPERATION (SH)
 

170 HOURS AVAILABLE BUT NOT CALLED ON (RSH)
 

150 PLANNED MAINTENANCE HOURS (SOH)
 

60 HOURS FULL FORCED OUTAGE (FOH)
 

50 HOURS DERATED OPERATION AT 40% POWER
 

20 HOURS DERATED OPERATION AT 50% POWER
 



GENERATION PLANNING PROCESS
 



GENERATING PLANNING ISA COMPLEX PROCESS
 

o LOAD FORECAST
 

o EXISTINIG SYSTEM 

o GENERATION RELIABILITY 

o PRODUCTION SIMULATION 

o INVESTMENT ANALYSIS 

o LONG RANGE PLANNING MODEL 

e FINANCIAL ANALYSIS 

o JUDGMENTAL EVALUATION 



LOAD FORECASTING RELIES ON
 

TWO BASIC APPROACHES
 

1. ENUMERATIVE - IDENTIFY AND PROJECT
 
USES OF ELECTRICITY
 

2. ECONOMETRIC - ASSOCIATE DEMAND WITH
 

KEY ECONOMIC PARAMETERS,
 
SUCH AS DISPOSABLE
 
PERSON1AL INCOME
 

(WEATHER ADJUSTMENTS ARE MADE INBOTH VIETHODS)
 



BY ORDERING C141ON0OLOGICAL LOAD DATA
CURVE IS OBTAINEDME LCAD DURATION 

K LOADA70
PEX.LOAD 


1270 0 

24 

LOADTHE LOAD IS EXPECTED
MINIMUM LOAD 


TO EQUAL OR EXCEED Y 

LOAD WDRATIOM CURVE 
DAILY LOAD CURVE 

I I .
 
00 0.25 05 0.75 1.0

0 ,2 12 1 2 
FRACTION OF TIME 

HOURS 



THE LOAD DURATION CURVE ISSOMETIMES REPRESENTED
 
AS A FIFTH-ORDER POLYNOMIAL:
 

5
 
Y = 1.0 + F Ai X' 

MINIMUM 5
 
LOAD = 1.0 + I -I A
 

LOADR 
 = o
 
FACTOR = F(X) DX
 

5 A
 
1 'IT
S1.0 + e,1 



THE EXISTING SYSTEM HAS A SIGNIFICANT
 

INFLUENCE ON PLANNING DECISIONS
 

o 	 EXISTING 'JNITS 

o 	 COIkiTTED ADDITIONS 

o 	 RETI REMENTS 

o 	 POWER POOL 

o 	 TRANSMISSION 

CHANGING PARAMETERS USUALLY MEANo 
NON-OPTIMUM STARTING POINT
 



COMPARISON OF ALTERNATIVES MUST ACCOUNT FOR
 

DIFFERENCES INGENERATION RELIABILITY
 

, FORCED OUTAGE RATE
 

o PLANNED OUTAGE RATE 

o MAINTENANCE OUTAGE RATE 

o RATE OF MATURING FOR NEW UNITS 

o UNIT SIZE 

o LEAD TIMES 

o SYSTEM RELIABILITY INDEXES 



UNIT SIZE SELECTION ISAS DIFFICULT
 

AS SELECTING THE TYPE OF UNIT
 

o 	CAPITAL COST PER KW DECLINES AS
 

UNIT SIZE INCREASES
 

o 	 FORCED OUTAGE RATE USUALLY 

INCREASES WITH SIZE 

o SPINNING RESERVE REQUIREMENTS 



HISTORICAL. DATA INDICATE FORCED OUTAGE
 
RATE ISA FUNCTION OF UNIT SIZE
 

214
 
FOR

(%)
 

.2
 

0 1000
 

UNIT SIZE (MW)
 



SYSTEM RELIABILITY INDEXES ARE MAJOR CRITERIA
 

FOR DETERMINING CAPACITY NEEDS
 

o LOSS OF LOAD PROBABILITY (LOLP) 

o LOSS OF ENERGY PROBABILITY (LOEP) 



THE LOSS OF LOAD PROBABILITY ISTHE PROPORTION
 

OF TIME THE SYSTEvi LOAD ISNOT MET
 

-J-o 

CAPACITY OUTAGE LOAD
 

LOLP 



LOLP DOES NOT MEASURE HOW
 

OFTEN FAILURES OCCUR
 

ONE FAILURE/YR THAT LASTS ONE DAY
 

OR 

120 FAILURES/YR THAT EACH LAST 12 MINUTES 

.ARE EQUIVALENT TO AN LOLP OF ONE DAY/YR 



LOLP DOES NOT MEASURE HOW
 

OFTEN FAILURES OCCUR
 

ONE FAILURE/YR THAT LASTS ONE DAY 

OR
 

120 FAILURES/YR THAT EACH LAST 12 MINUTES
 

ARE EQUIVALENT TO AN LOLP OF ONE DAY/YR
 



THE LOSS OF ENERGY PROBABILITY ISTHE RATIO OF
 

ENERGY NOT SERVED TO TOTAL DEMAND
 

1.0 ENERGY NOT SERVED
 
PROBABILITY 
OF LOAD AND 
CAPAC ITY 
OUTAGE 

COKB INED 
(%OF TIME) 

TIME IN PERIOD 

LOLP, 

M T Sc +P 

MW 

M = MINIMUM LOAD 

P = PEAK LOAD 

SC = TOTAL INSTALLED CAPACITY 



THE PURPOSE OF PRODUCTION SIMULATION
 

IS TO DETERMINE THE EXPECTED 

GENERATION FROM EACH UNIT
 

e 	 UNIT '.-!AT RATES 

o 	FUEL COSTS AND ESCALATION
 

o 	 OPERATION AND MAINTNENANCE (O&M) 
COST 

a 	FORCED OUTAGES
 

o 	 SCHEDULED MAINTENANCE 

o 	 USE TOTAL VARIABLE COST TO
 
DETERMINE LOADING ORDER
 
(ECONOMIC DISPATCH)
 



THE ENERGY PRODUCED FROM ANY UNIT DEPENDS
 

ON WHAT OTHER UNITS ARE INTHE SYSTEM
 

VARIABLE ECONOMIC 
GENERATOR COST LOADING 

(SIZE IN MWe) (MILLS/KWH) ORDER 

NUCLEAR (1000) 6.3 1 

COAL ( 600) 14.4 2 

COAL (200) 14.9 3 

OIL (400) 46.8 4 

COMBUSTION 
TURBINE ( 50) 87.0 5 

(SPINNING RESERVE CAN ALTER THE ORDER)
 



INVESTMENT ANALYSIS BRINGS INTHE
 

CAPITAL COSTS OF THE ALTERNATIVES
 

o CAPITAL COST 

o COST OF MONEY
 

o ESCALATION OF COSI
 

o FIXED CHARGE RATE 



COMPARING LEVELIZED GENERATION COSTS
 
OF ALTERNATIVES ISNOT A SUFFICIENT
 
EVALUATI ON:
 

o 	ENTIRE GENERATING SYSTEM MAY BE AFFECTED
 

o 	SIHiPLE CLASSIF)CATiON (BASE-LOAD, ETC.)
DOES NOT DETERMINE CAPACITY FACTORS 

o 	ANALYSIS OF INTEGRATED SYSTEM ISCOMPLEX
 



GENERATION PLANNING MODELS
 

ACCOUNT FOR 	THESE FACTORS
 

EXAMPLE: 	 WIEN AUTOMATIC SYSTEM PLANNING
 
PROGRAM (WASP)
 

OBJECTIVE: 	 DETERMINE EXPANSION PLAN THAT
 
MINIMIZES TOTAL DISCOUNTED COSTS
 
G,.'ER THE PLANNING HORIZON 



FINANCIAL ANALYSIS ISNEEDED TO
 

DETERMINE KEY ECONOMIC EFFECTS:
 

o CASH FLOW 

o INTEREST COVERAGE RATIOS 

o REVENUE REQUIR[MENTS 

o LONG-RUN MARGINAL COST 



JUDGMENTAL EVALUATION ISUSED TO INCLUDE
 

NONECONOMIC FACTORS AND DECIDE:
 

o ENVIRONMENTAL EFFECTS 

o FUEL AVAILABILITY 

o NUCLEAR ISSUES 

o REGULATORY IMPACT 

o DIVERSIFICATION
 

o OVERALL RISKS 

o FINANCINrG AVAILABILITY 



CURRENT ELECTRIC GENERATING
 

TECHNOLOGIES ARE: 

o NUCLEAR 

o COAL STEAM 

o OIL OR GAS STEAM 

o HYDRO ELECTRIC 

o COMBINED CYCLE 

o COMBUSTION TURBINE 



ADDITIONAL TECHNOLOGIES MAY
 

COMPETE INTHE COMING YEARS
 

@ GASIFIED COAL COMBINED CYCLE
 

o FUEL CELL 

o ATMOSPHERIC FLUIDIZED BED (COAL) 

e PRESSURIZED FLUIDIZED BED 

o WIND 

o SOLAR THERMAL 

o BREEDER REACTOR 

o GEOTHERMAL 

o SATELLITE POWER SYSTEMS
 



LIMITED STORAGE OPTIONS ARE AVAILABLE
 

TO ELECTRICAL UTILITIES 

o HYDRO - WITH RESERVOIFR 

o PUMPED HYDRO 

o BATTERIES 

o COMPRESSED AIR 

o CUSGiOER-SIDE THERMAL 



COMBUSTION TURBINES HAVE LOW FIXED COSTS
 
AND HIGH OPERATING COSTS
 

SIZE: 


EFFICIENCY: 


CAPITAL COST 


VARIABLE COST: 


FORCED OUTAGE: 


LEAD TIME: 


LIFETIME: 


50 - 100 MW 

24% 

$300 - 400/KW 

71/KWH 

10 - 20% 

2 -3 YEARS 

15 - 20 YEARS 



NUCLEAR UNITS HAVE HIGH FIXED
 
COSTS AND LOW OPERATIN COSTS
 

SIZE: 900  1300 MW 

EFFICIENCY 32% 

CAPITA COST: $1500 - 3000/KW 

TOTAL VARIABLE: 1e/K'!H 

FORCED OUTAGE: 15 - 20% 

LEAD TIME: 10 - 14 YEARS 

LIFETIHE: 30 YEARS 



WIEN AUTOMATIC SYSTEM PLANNING (WASP) MODEL
 



WASP ADDRESSES LONG-TERM PLANttING
 

PERIODS UP TO 30 YEARS
 

1, 	 PEMAND FORECASTS (SEASONAL) 

2, 	 TECHNICAL &ECONOMIC CHARACTERISTICS 

OF EXPANSIONi CANDIDATES 

3, 	 EXISTING & PLAItINIED SYSTEM 

4. 	 TECHNICAL &ECOtNO1IC PARAIETERS 
(ItNTEREST RATES, RELIABILITY)
 

5. OPERATING COSTS DEPEtlL ON PREVIOUS
 
SELECTIONS
 



THREE PLAN ING PERIODS ARE DEFINED 

1, PRE-PLANNING 
o 	 EXISTING + CO1'7,ITTED UNITS 

2. PLANNINGI PERIOD 
o 	START IS FIRST YEAR AN UN'COM1ITTED 

UNIT COUUi. OPERATE 

3. POST-PLAN ING PERIOD 
o 	 OPERATE PLANTS PAST LAST YEAR 

o 	REDUCE SALVAGE VALUE 



IS TO DETERf.I.NETHE EXPANSION PROBLEM 
OF ALL GENERATING UNITSTHE VECTOR, Kt , 

tOPERATING INYEAR 

Kt "Y Kt- I+ At - Rt + Gt 

At CO ]'JTTED ADDITIONS 

RETIPE.,ETSRt COITTED 

ADDED INYEARGt = GEIIEPATING UNITS 
FROM LIST OF CANDIDATE PLANTS
 

http:DETERf.I.NE


M NMU',

THE OBJECTIVE FUNCTION IS TO FIND THE 

Bj AMONG ALL i
 

t T 
BI - Sj,t + Fjt + Mjot + U 

t T"E 

T STUDY PERIOD END
 

I CAPITAL COSTS
 

S SALVAGE VALUE
 

F FUEL COSTS
 
m 0&r COSTS
 

U= UNSERVED ENERGY COSTS
 

COSTS ARE DISCOUNTED AT RATE i 



RELIABILITY CONSTRAINTS MUST BE MET 

FOR A CONFIGURATION TO BE ALLO'ZED 

(1 + at ) Dt > P(%) > (1 + bt ) Dt 

LOLP (Kd Ct 

at MAXIMUM1 RESERVE MLARGIN
 

bt m MINIMUM RESERVE rvRGIN
 

Ct m CRITICAL LOLP
 

SPEAK DE1AIND (ItN CRITICAL PERIOD) 

P(Kt) INSTALLED CAPACITY INYEAR t 



WASP ISORGANIZED INTO SEVERAL SPECIFIC PROCEDURES
 

LOAM FIXSS UT

I-_ 
CONGE}. 

AERSP__
 

R Ai~A~I L
---" 

DYPPREE
 

NFIGU 'TIO 

MMERS~iI 



KEY INPUT TO WASP INCLUDES:
 

DEMAND AND LOAD DURATION DATA 
(SEASONAL) 

HYDROLOGICAL VARIATIONS
 
(SEASONAL)
 

UNIT SIZE, FORCED OUTAGE, SCHEDULED
 
MAI NTENANCE OF CANDIDATE UNITS
 

EXISTING SYSTEM AND COMMITMENTS
 

ECONOMIC PARAMETERS
 

o RELIABILITY CONSTRAINTS 



KEY OUTPUT FROM WASP INCLUDES:
 

o 	OPTIMUM EXPANSION PLAN OVER STUDY PERIOD
 

o EXPECTED GENERATION FROM ALL UNITS FOR
 
ALL PERIODS
 

o 	RELIABILITY PERFORMANCE (LOLP, UNSERVED 
ENIERGY, RESERVE MARGINS) 

o 	FOREIGN AND DO1ESTIC EXPENDITURES 

o 	CASH FLOW OVER TIME
 

o 	SENSITIVITY TO KEY PARAMETERS 



CALCULATIONS ARE PERFOPYED FOR UP TO FIVE
 
HYDROLOGICAL CONDITIONS
 

= (1 1y.tO.t 5 jj 	 Cjt.h 
h 

Ch = PROBA BLITY OF HYDROLOGICAL CONDITION h 

=Cj,th 	 FUEL PLUS VRIABLE 0&I COST FOR ALL 
PLANTS IN HYDRO CONDITION h 



FIXED COSTS AIRE INDEPENDENT OF THE HYDROLOGICAL 
CONDITIONS FOR A PARTICULAR YEAR 

, (a+ ) t UNIT CAPITAL COSTS'

£ 

-T 
S(jot 
 + i) V.,jt ljt 

j t 0 Ott.S ' COST 
1 + e UNIT FIXED COSTS 

k 

WHERE
 

DDISCOUNT RATE 

UNITS ADDED INYEAR t 

Vi It =SALVAGE VALUE FACTOR 

DISCOUNTED FIXED O&M COSTS FOR CONFIGURATION
 
J IN YEAR t 

= ALL UNITS INTHE OPERATING SYSTEI,4
 



THE DIMENSIONS OF THE WASP-IlI 

PROGRAM ARE LARGE 

UP TO 30 YEARS STUDY PERIOD 

UP TO 12 PERIODS PER YEAR 

SEVEN FUEL TYPES; 5 THERMAL, 2 HYDRO 

UP TO 58 THERMAL PLANTS OF 
MULTIPLE UNITS EACH
 

TWO HYDROELECTRIC PLANT TYPES OF 
ANY NUfMBER OF PROJECTS IN FIXSYS AND 
UP TO 30 PROJECTS INSEQUENCE INVARSYS 

UP TO 300 CONFIGURATIONS INANY YEAR
 

UP TO 3000 SYSTEM CONFIGURATIONS FOR
 
DYNAMIC OPTIMIZATION
 

UP TO 14 CANDIDATE PLANT TYPES INVARSYS
 



THE MODEL FOR THERMAL AND NUCLEAR 

POWER PLANTS IS STRAIGHTFORWARD 

* 	 MB: MINIMUM CAPACITY 

* 	 Nllc: MAXIMUMI CAPACITY 

o 	 SPIN: SPINN'NG RESERVE CAPACITY 

o 	 BASE HEAT RATE 

o 	 AVERAGE INCREMENTAL HEAT RATE 

MAINT: M1AINTENANCE REQUIREMENT 

o 	 FOR: FORCED OUTAGE RATE 

* 	CAPITAL INVESTMENT COST
 

* 	VARIABLE FUEL COST 

* 	FIXED OPERATING COST
 

* 	FUEL INVENTORY COST
 



WASP-Ill HAS TWO BASIC TYPES OF 

HYDROELECTR IC PLANTS 

* RUN-OF-RIVER PLANTS 

o PEAKING PLANTS 

- DAI' ,' DUTY
 

- WEEKLY DUTY
 

- SEASONAL DUTY 



HYDROELECTRIC PROJECTS ARE MODELED AS
 

CONSISTING OF A BASE AND PEAK COMPONENT
 

E : ANNUAL GENERATION 

PERIOD GENERATION
Ek: 
Ek= (3k IE 

MWB: RUN-OF-RIVER CAPACITY 

MWBk: PERIOD RUN-OF-RIVER CAPACITY 

o l,,Bk = Pk . MWB 

MWC: TOTAL CAPACITY 

MWCk: PERIOD CAPACITY 

o M1C k = a k MWC 

MWP k = MWC k - MWBk : PERIOD PEAK CAPACITY 

EBk = h ' MWBk : PERIOD BASE ENERGY 

EpA = Ek - EBk: PERIOD PEAK ENERGY 



THE COMPOSITE HYDROELECTRIC PLANT CONSISTS
 

OF THE SUM OF INDIVIDUAL PROJECTS
 

E= Ej
J 

Ek= Z Ejk
J 

MWCJ( X MWC , 
J 

=MWBR >k I j
J 

MWP 14 = MWC1," MI,/Bk 

B3,K "-Ii lm 

Epk ::Ek - Epk 

HYDRO.OLG ICAL COND ITIONS 
1=5. 

PROBABILITIES p1 
k 

; p1 

I= J/ 

ENERGY FACTOR: e 

BASE CAPACITY FACTOR: b1 

TOTAL CAPACITY FACTOR: cj
 



THE COMPOSITE HYDROELECTRIC PLANT FITS IN TWO 

PLACES ON THE LOAD DURATION CURVE 

(MW) 

E = Eb + Ep 

Eb= h.MWB 

mWC= MWB. MWP 

MAWP L 

THERMAL PLANTS 

MWB
 

HOURS 

M W B: RUN-OF-RIVER CAPACITY 

MWP * PEAKING CAPACITY 



Mw POWER GENERATION 

4~8 

S Ii
 

PPH 

ON WED THUSAT NZSUNZ TUE " I 

o, ENERD,Y STORED INTHE RESERVOIRBWh 


2 2-T T4-+8 -

VIV\ 

,II
 

I'UE'WED "rhu.
SAT.SUN 4DN FR
 



MW 

POWER GENERATION 

4.8 24-T T 

.-... PM 

rr LL 

SAT SUN MON TUE WED T"HU FRI 

A GWh ENERGY STORED INTIAE RESERVOIR 

48 124- TIT 

SAT SUN MON TUE WED THU FRI 

AJC
 
SCHEME 2 1978
 

WEEKLY PEAKING PLANT
 

,'
 



THE THERMAL UNIT ADJACENT TO THE PEAKING HYDRO 

INTHE LOADING ORDER MUST BE TREATED EXPLICITLY
 

SN ltl"N--

t-IERiAL PLANTS
•.R 


DURING TITME FRACTION 0i-X).VALID 
VAID DURING TIME FRACTION T" 

Eb m h.MWB 
Ep = E-E 

• 	 Ep -E-P 
T•E'p-EpT." ; t.TcI 1 -t1.,h 



THE WASP MODEL ISUSEFUL FOR PRELIMINARY
 

LONG-TERM PLANNING OF ELECTRICAL.
 

GENERATION SYSTEMS 

DETERMINES MINIIMUM COST EXPANSION 
PATTERN SUBJECT TO RELIABILITY
 
CONSTRAINTS
 

DETERMINES SENSITIVITY OF RESULTS 
TO VARIATIONS INKEY TECHNICAL
 
AND ECONOMICAL PARAMETERS
 



SCREENING CURVES
 



-"tLTN3 CJRVES PROVIDE A SIMPLIFIED APPROACH 

FOR OMI( ANALYSIS OF EC3ACt{IC CCMETITIVENESS 

0 SEPARATE TECHNOLOGY COSTS INTO "FIXED" AND 

OVARIAPBLE" COSTS
 

FOR TECHNOLOGY0 CONSTRUCT COST CURVES EACH 

0 PLOT COST ($/KW-YR) VS. CAPACITY FACTOR
 

SDETERMINE LEAST COST ALTERNATIVES AS A 

FUNCTION OF UTILIZATION
 

0 NUMEROUS LIMITATIONS 

0 NOT A SUBSTITUTE FOR THOROUGH ANALYSIS
 



ANNUALIZED TOTAL LEVELIZED FIXED 
FIXED CAPITAL X ANNUAL - 0 & M 
COSTS COST FIXED COST 

CHARGE 

(KW-YR 
) ($IKE) 

RATE 

(FRACTIO) ($IKW-YR) 

LEVELIZED CAPITAL R (1*R)" 
ANNUAL FIXED = RECOVERY : 
C14ARGE RATE FACTOR 



VARIABLE 
COST 

ANNUAL 
AVERAGE 

HE"AT 
RATE 

(KCAL/ W-

X 
FUEL 
COST -

VARIABLE 
0 & M 
COST 

($/Kl4H) 

FUEL AND OPERATION AN4D MAINTENANCE (0 & M) COST SHOULD 

LEVELIZED IF REAL ESCALATION IS ASSUMED TO OCCUR 

BE 



TOTAL ANNUALIZED VARIABLE: CAPACITY
 
COST FIXED + COST X FACTOR X 8760
 

COSTS
 

($/K1-YR) ($/1-YR)- (FRACTION) (HR
 

KW-YR FIXED COSTS
 

CAPACITY FACTOR
 



SCREENING CURVES ARE USEFUL FOR FIRST
 

APPROXIMATION OF COMPETITIVENESS
 

STU RB3I NE/ COAL/ 

LEVELIZED NULEAR
 
ANNUAL
 
COST
 

($/KW-YR) 

0 25 50 75 100
 

CAPACITY FACTOR(% 



PROBLEM SESSION
 



LOAD DURATION CURVE
 

FOR THE FOLLOWING ANNUAL LOAD DURATION CURVE,
 
COMPUTE TIlE TOTAL ELECTRICITY DEMAND (KWH)
 
AND THE LOAD FACTOR:
 

LOAD 

(MWE) 


0 


100 


200 


300 


400 (MINIMUM LOAD) 


500 


600 


700 


800 


900 


1000 (PEAK LOAD) 


FRACTION OF TIME
 
LOAD EXCEEDS
 
GIVEN DEMAND
 

1.0
 

1.0
 

1.0
 

1.0
 

110
 

0.80
 

0.40
 

0320 

0.10
 

0.05
 

0,00
 



The discount rate is given by the weighted cost of capital, If the 

capital consists only of debt, the dis :ount rate is the interest rate. 

Clearly, all of these rates should be defined consistently, i~e,;, 

In the absence of inflation or at a given inflation rate. 

Assume for this problem: 

1. Weighted cost of capital in tie absence of inflation = 5%/yr. 

2. No real escalation for any costs 

3. Book life for all technologies - 30 years 

HYPOTHETICAL COST DATA 

Technology/Size in I*- Capital Fixed Variable Annual Ave Fuel Cost 
Cost O&1 0&M Heat Rate 6
( /kl,,e C (kcal/kwh) ($10 kcal).ktlyr) Mills/kWh 

Coal with FGD/600 1140 16.40 4 2560 8 
Coal No FGD/200 1450 .11.40 25901 8 
Oil/300 990 2.6 2 2500 20 
Nuclear/900 1530 32.0 2 2700 5 
Gas Turbine/100 330 0.4 3 3530 24 

a) Draw the screening curves for these generating options. 

b) What are the minimun cost. options and cver what ranges of capacity factor? 

c) For the following load duration curve, calculate the fractions of total 

installed capacity that the screening curves indicate is optimal. 

Ignore all maintenance and forced outage considerations. 

y normalized load 

x normalized time 
-Y 1-2.68697 X * 11.216110 X2 

-23.72454 X3 + 21.74757.X4 
- 7.25159 X5 

I 

http:21.74757.X4


SCREENING CURVES
 

In the initial stages of a generation expansion study, there are often
 

many more alternatives available than can be reasonably considered in detail.
 

Screening curves provide a simple method for eliminating, from further
 

consideration, those alteniatives which are significantly less economic. 

Screening curves are only able to provide a rough-cut analysis and are 

not a substitute for a detailed analysis. Unit availability, for example, 

may not be considered hen making a screening curve analysis. As a result, 

.itis possible that the actual relationships among. technologies may be distorted 

when a screening curve is used. Screening curves can be useful in simplifying 

analyses, but their limitations should be recognized. 

The levelized annual fixed charge rate, exclusive of tax considerations, 

for sinking fund depreciation is given by:
 

r (1+r)n *
 R 


(1+r)n -1
 

where: R = levelized annual fixed charge rate in the absence of taxes (fraction),
 

I= book *ife (years), and
 

r annual discouTIt rate (fraction). 

(this formula for R is the capital recovery factor defined in Eq. 5.5 of 

the Guidebook) 



for 	the load duration curve in part c)?d) 	 What is the minimum load 

(Expressed as a fraction of peak.) 

load duration curve in part c-)?
e) What is the load factor for the 

is not really thethe solution to part c)
f) 	 Briefly discuss why 

optimal mix of generation types. 
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ENERGY DECISION MAKING REQUIRES THE CONSIDERATION
 

OF BOTH ECONOMIC AND NONECONOMIC FACTORS
 

Cony aoti ional 
Costs 

L 

Typo of 
Electrical 
Energy 
System 

lChanges in 
Technology and 
Regulation 

Quantified 
Impacts 

Research 

Va!uo 
Judgment 

of 
Decision 
Maker 

Unquantifled 
Impacts 



ENVIRTONMENTAL IMPACTS CAN BE VIEWED FROM A
 

MULTIDIMENSIONAL PERSPECTIVE
 

KIND 

AIR 

i-WATER
 

- LAND 

HUMAN HEALTH &SAFETY 

SSPACE 

SHOF-T-TERM
 

INTERGENERATIONAL
 

TIME
 



-

AIR EMISSIONS FROM COAL-FIRED PLANTS HAVE BEEN LINKED
 
TO INTER-REGIONAL AND GLOBAL PROBLEMS
 

ACID DEPOSITION DUE TO SOX AND NOx EMISSIONS
 

TRANSPORT AND TRANSFORMATION
 

SOX and NOX mix with oxygen and water in the Air
 

o produce Sulfuric and Nitric Acid
 
ii[iiiiiiii
 

Cool-burr Inc 
Generators -_--

L ........... 
...Acidic

-'< 

Dry Ac
id 

Other 
o u.r.c 

-Automobiles Piecipitatlo 
........ 

- Smelters 
Particles 

0 EMISSIONS 
0 2 

DUE 
TO CO


CHANGES 

CLIMATIC 


oGLOBAL 




DECISIONS MUST BE MADE ON THE 

BOUNDARIES OF THE ENERGY SYSTEM 

SUPPL IERS BOUNDARY 
OF FUEL OF ENERGY 

SUPPLY SYSTEM 
SYSTEM? 

FUEL SUPPLY 
TRANSPORTAT ION4 

POWER PLANT 

WASTE DISPOSAL 

CONSTRUCTION 
IMPACTS?
 



REFERENCE ENERGY SYSTEMS PROVIDE A CONVENIENT
 

FRAMEWORK FOR IMPACT ANALYSIS
 

REPROCESSINGI"---

END-USE 
ENERGY
 

F'1 PROC ESSING INDUSTRIAL 
XTRACTION -- 4- TRANSPORT - AND -- C ON4VERSI O4 -- DISTI BlUTION CO4MMERCIALREFINING L. 

RESIDENTIAL 

STRANSPORTAIONDISTRBUTIO-- , SECTORS 



IMPACTS CAN BE ASSOCIATED WITH EACH STEP
 

INTHE REFERENCE ENERGY SYSTEM
 

REPROCESSINtI G. 
i1 ND-USE 

ENERGY 

{R4TRANSPO] 
_Y..TO 

-

ANlD 
PROCESSING -

C S 

ON DISTRIBUTION 
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. I 
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ANALYSIS OF THE ENVIRONMENTAL IMPACT OF POLLUTANTS REQUIRES
 

THE KNOWLEDGE OF INTERRELATED CHARACTERISTICS
 

I. QUANTITY AND TYPES OF POLLUTANTS RELEASED;
 

2. DISPERSION OF THESE POLLUTANTS INTHE ENVIRONMENT;
 

3. ECOLOGICAL PATHWAYS FOLLOWED BY THE POLLUTANTS;
 

4, RELATIONSHIPS BETWEEN THE POLLUTANTS AND THE
 

DAMAGE TO MAN AND HIS ENVIRONMENT;
 

5. THE EXTENT OF THE DAMAGE (INCLUDING ITS COST).
 



THERE ARE NUMEROUS POSSIBLE RADIATION EXPOSURE
 

PATHWAYS TO MAN FROM NUCLEAR POWER PLANTS
 

GASEOUS EFFLUENT 

NUCLEAR POWER PLANT 

LIQUID1EFFLUENT
 
~o Direct 

FUEL TRANSPORT 
\i. :~~/I Shoreln 

olp 

~ A? C, 

'DI 

wq Au ) -1 

dc(k
 


