Vol 10

I Copl Y

PN- A B -(1F
APPENDIY. \oN & FGHE

3.8.2"’3
TRATHIKG COURSE TN ENERGY PLANMING
Conducted by

Center for International Encrpy Development
Euervgy and Environmental Systems Division

firponuae National Laboratory

Course lotes v

tay 13 - June 7, 1985

¢
)
A 5
.‘\ “.
v T ol
L
s
g
R
T
AP
14 Ly,
T4 A,
. ~
/ \-“\ I,
o7 ANGN
e S N
¥ N
w N\,

Project Ho. 263-0123.1 N,

PASA No. JEG-0123-P-ER-3059%-00



£

S

M
Ui

’

Co

¢

JSTRY

{

15

)

|

.“-\

IR
380 A

- o— o
1103
Pl

v,

hi

LYSIS

e
AN

AN 0
Lilmaeld ¢

v on
i 1

NERG

i
!

coamecyn .

LIRS I, vy e

L CPRENT

DEVE

AL LABORATORY
[
0

N

GQN
(ATAON

FE
ot

By R

—I-.-

boaed "

o _v L _
Ll

Lt ot

'2\)

RA

)




L

T

“aute
»

I

{
1
i
{

m

frEn e s

2

M

DEHA

TS T Y

N

TS T

TR
i

2
wnU
-
L.}
()

TR AT T

T T T T T ST TS T I T oY

[P —oa gan g dsp el Rt

==

TSI YT

3 TR R YA BT AN

)
B

i
;
1]

!

EANe o 42 Qe N

T

v
fearegear

S MR e s L7 A TMEI T L. S EAIRLAT S

uxea

[ e

TN T RIS TS e

YT

et Do o

EITTTETIEY,

Noo e g Sl
b

o HSRLTR AL VAL A ST MR S RRMATIANR

e A




DIFFERENT

FUEL SPEGIFIC
USEFUL ENERGY

“ /

tr. gt Porar © wree——r

o e e e

2

N o o s et s

il

1l

SYSTEM

A

4

—— S o

O ey

p- i

S T
g

O

¢
el

[NV RS

il

-

e S .
Trs Ty TR ON N

PGy
P RN
{
:

b
[
3
]
i

A b 8 A L e T

HENE R A
i

I
:‘.‘
n.
n

]

n u
(LY

ST
ool

&

—f—

SULAR
SUPPLY

;
£

<
-
0

(.
*l

CONSUMPTION

FAZOUT
L

x

14

“-
t

6
El

SUPPLY

MAZOUT
SUPPLY

W



RGY
Y SECTOR

1
| 5

F
-

1%
N

PES OF K

by

-

Fe

i1 SU




A

CRITERIA USED FOR SECTORAL DEFIHITION:
o MAGHITUDE OF ENERGY CONSURPTICN

o ANTICIPATED SIGNIFICANT FUTURE GRCHTH

0. SPECIAL (EXPENSIVE) FUELS OR FEEDSTOCK

o RELIABLE OATA AT LEVEL OF DIStGOREGATICH
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IDCHTIFY BOYW E¥ERGY IS CANSUNMED:

o AR SICTOR AXD SURSECTOR

o ENERGY T/PL (£.s. HAZOUT)

o ANNUAL QUANTITY
(z.c. TEP - TONNE EGUIVALENT PETROLZUM)
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CALCULATION OF USEFUL ERERGY
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COMPUTATION OF ENE

2]

MAZCUT - | SULAR ._ g GAS : - CGAL
A | BOILER is ! @gonER s | BCILER | ic | BOILER
SYSTEW, ;S?S“EM ‘?”STEMj SYSTEM
A | 3 o D

————
-

i0% BTU/YR, C=15 X 10° BTU/YR,

IF A= 50 X = X
5 X =50%, T ,=70%, 7 =80%,7D 75%
o

P_

WHAT 58 THE TOTVAL INDIRECT HEAT USEFUL ENERGY DEMAND (IHD)?

WHAT IF C I8 INCREASED BY 1C)% AND D IS INCREASED BY EC%

¥
WHAT HAPPENS TC A & B?

g de

HOW DO THEUNITS OF A,A} B,B, C,C, D,D' AND D,D' DIFFER FROM IHD?
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oo  EXAMPLE OF BASLE YEAR ENERGY LAtA SLT...

Tabiz 5~3 Saca Tosr (1978) Icdustri{al EBaergy Dowiusd Téta Food ladustty (103 tep)®
Pualc azd Other Dasczy Itess
iuto-
Cad-Ysc Davicc Ceo Diacal Pual Lubri- Teeurel Pyldro- Purchzsced Ceaerzted | Total Tozal
Baergy Daszod Uaphtha Karooene otl Taol 0L coets Cao Bionase power Elsctricity 2lcctricity® Blacisice® Boeray?
1IEDISTCT E8L
Canuaptlog 84.0 29.6 183.6 22.0 708.5 313%.0 1400.7
giflciency 0.7 0.7 c.? c.7 9.7 0.6 0.6
Useful Enecpy?® 58.8 20.7 20.7 128.9 455.9 227.4 9&6.7
PIRECT QELT -
ART PTHL
Consuapiion 26.0 i91.8 2'72.0
gfftclency 0.6 ag.6 0.6
Uceful EZneorgy 15.6 115.1 130.7
DITICY 3CAT -
CLTAZ JORL
Cornsuaption 46.0 L£6.0
Effictency 0.7 0.7
Useful Znergy 32.2 32.2
KOTIvE POWLR
Ccnuvnption 17.79 72.5¢ (25.43)¢ (101.0) 20.38
Efficiancy 1.0 G.7 8.7 0.7 0.7
Uscful Energy 17.79 £5.31¢ (19.9 (1¢.7) P16
REFZLICLALTION
Conzunption 74,860 2%.21) {103.3) 74.60
Effictency 0.7 0.7 G.7 c.?
Uzeful Energy $52.22 {20.45) (72.66) 52.22
LICHTIRC
Conguaption 30.51 (12.00) (32.60) 30.6%
Effitclency G.l 0.2 0.2 0.2
Useful Energy 8.19 (2.41) (8.58) 5.16
AUTO-CERERATHD
ELECTRIC PGELS
Conscmption 74.G 22.0 36.9 66.2 2:.0 (8) 240,
TYOTALS
Consuuption 84.0 29.6 233.6 44.0 937.2 17.79 132.2 {o0.0 (& 176.0 {65.7) {237.7) 21056.4
Ueceful Energy 53.8 20.7 146,18 15.4 611.0 17.79 32. 227 .4 (8) 103.i9 (¢2.7583 (152.9¢) 1236.6

B} tep = 1.05 x 107 wcaL = 4.393 = 1019 Joules.

by 1o Device Efflclency = Useful/Consucpiion

€Useful Energy = Enecrgy Consuwption x End Use Device Efficiency.

dSource Zlectris Dewand Cecnsuaption has been adjusted so that dlstributton by end use device {8 the same f.r purchazeld electclcity and suto-generated

a2lectriclity.

®Yotal energy tncludes fuelc used to produce auto-generated elecirlcity and excludes the auto-generated electricity procuced to svoid doudle couating.

fRuabers in parentheses not facluded {n totale.
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TECHROLOGY CHANGE ISSU

COMPARISCN OF TOTAL ENERGY REGUIRENMERTS FOR RET
AD DRY PROCESS CoiEnT®

END USE UZT PROCESS PEACENT CRY 223CZSS CENCERT
DeviCt _CRERGY Cr TCTAL EEIZSC‘{ Cr 'OTA‘
PRCCESS CATEGORY (10°Bvu/Tows) ENERGY (13°8vu/TonuE) ERERGY
[ HATERIAL PROCYUREFERT MECH., TRIVE 33 Cud " Tl
CRUSHING ELECTROMOTIVE 33 g.u 55 1.1
GRikDIHG ELECTROFOTIVE 271 3.2 300 5.5
PYROPRGCESSING DIRECY HEAT 5705 79,2 321 72.3
CLIRKER COOLIRE ELECTaCMOTIVE 53 2.3 281 5.4
FI "SH GRINDIRG ELECTROMATIY 632 .5 Lag 3.1
PALLING AND HAMDLIKG ELFC "O‘ TiVE g9 0.1 3 G.1
RGCREGATED UTILITIES AMD COHTRCL ELECTRSHOTIVE 27 g 83 3.5
AGGREGATED RATERIALS USE cL’fC 0 CTIVE 31 g.b L3 0.8
TRANSPCRTATION OF FIKISHED
CEMERT : [ECH, DRIVE 275 3.1 iz &3
TOTA 7204 160 5629 10
aEféERGY CORSUNMPTICN UNIYS CONVERTED FRCH VFZGL JCULE/TCORAE (957 BT/,
SGURCE: Sarp, J.E. "Encrev aup BATERIALS FLGHS 1w Taz CeruwT Inpustry,” Arsonuz daTicnal Laioravony,

BRL/CISY-17 (June 1931),
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n BASE YEAR (1985) CEHEMT PRODUCTICN 1S 50,000 TD?NE/YR.

‘ BY 1090 THE PRCDLCTICH IS EXPECTED TG INCREASE BY 10Z.

THE BASE YEAR KILN EFFICIENCY iS G0%Z. 7THE KILN LJ&SUHED
K T 3, T g y e RS T | g T
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Comparison of Base-Year Efficiencies of Industrial~Seccor
End-~Use Devices with Modarate and Enhanced Censervation
. Szsge- Hoderete Enhznced
Category of Year . Conecrvation Techaicel Conzervation Techalegl I=provexent
Useful Energy End-Uce Effi:icncyb Efficiencybs¢ Cange Lizitd  Efticicneybs®  Change niafed ci?lg cver?y
Dexznd Davice® G2l (T (2u#Ts) Te) Flziind %)
Direcr hzat = Cictillaie 0.60 0.7% t.27 g.o1} 3.2 ¢.5
2ay fus=l cil furnace
Reeidual 0.83 £.8% :.10 C.72 .22 .5
oil furzace .
Cousl 0.G0 6.72 1.20 G.73 .58 .3
furnace )
Ratural gac 0.7 G.Ci . 1.ig 3.2, 1.28 5.5
furnace
Diract hezi- L?C furnzca 0.70 0.3} W13 £.8% 1.2 3.7
clean fuel Haturzl Ces 0.70 6.32 .17 €.c3 2.22 3.2
furnace
Electrie .80 G.Ef 1.10 0.6z 1.15 4.6
furnacae :
Indfract heat bistillzte of! G.70 5.88 1.2¢ G.01 1.3% .3
boiler
Residusl 0.69 0.3° 1.25 .82 .25 3.1
oll boiler
Coc! toller c.60 0.72 1,20 u.72 .35 t.3
Natural 0.80 0.:8 10 08.5% 1.17 5.8
ges Soiler
Ssler with 0.5% D.8% <.CC 8.%% 1.CC 0
23z backup?
Tlectrochkesfea! Electric 0.69 0.7z .08 8.75 1.0 3.8
ard lishting devicef
Feedatocko Dlctittizie t.0O .00 1.03 f.co I.0v 1]
LpcC 1.00 1.¢0 1.20 1.3 1,06 g
Rature! Gas i.c0 1.c2 1.22 i.co 1.LT ]
Spevica ¢fiteiene dotz szi. hs Zliegrrazated
date 20t i3 by ¢ v (for ecurmzlc, feud, zomaat),
7 is tha afficlency of and lg the zatio of ¢ {incepy cessuncd),
CEfficicnztes tlsted cre pocttefashic for ook clez ero z3pllecsic 20
new and replacuezent czp ha device ovar the
dfhe retio of the efficlency with comcervetisn to the Laze- xfllcic ¢l the mailzus Improveanuaz collewvadla
under the conse:.atisn sesvmprion,

€The efficlency of tha colar device vith beckup [2 8 cozbined cifizioney of both Govloas Laoced ¢n ehe choros ef celar
2
and beckup usage,

flnt_:luding electris are furnizes ard olectromechaalcul drivs systems, Clostrzmechanles! drive {cech ac elicteis
wctors with mechanical coupling) deminates the demand-zategory ensarsy toLasumpilza,
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COMPUTATION OF ENERGY DEMAND FROM DIFFERENT FUELS

IHD
INDIRECT

MAZOUT SULAR. GAS COAL
UA BOILER - Tlg BOILER - Tl | BOILER "5 | BOILER
SYSTEM | SYSTEM SYSTEM SYSTEM
A? BI CT D
| |
© IFA=50 X 10°BTU/YR, B=40 X 108 BTU/YR, -C= 15 X 10®° BTU/YR,

D=5 X 108 BTU/YR, 7),=560%, 7),=70%, 7).=80%, 7,= 75%
WHAT IS THE TOTAL INDIRECT HEAT USEFUL ENERGY DEMAND (IHDj"

° WHAT IF C IS INCREASED BY 100% AND D 1S INCREASED BY 50%
WHAT HAPPENS TO A & B?

° HOW DO THE UNITS OF A,A’ B,B’, C,C), D,D}, AND D,D’ DIFFER FROM IHD?



DIFFERENT FUELS TO MEET ENERGY DEMAND

IHD
INDIRECT

FUEL SPECIFIG
USEFUL ENERGY

) MAZOUT SULAR GAS COAL
~ Ta | BOILER ‘5 | BOILER T | BOILER M5 | BOILER
SYSTEM SYSTEM SYSTEM SYSTEM
I |
CONSUMPTION } A 5 c 51
DISTRIBUTION
MAZOUT SULAR \ GAS' COAL
DISTRIBUTION DISTRIBUTION|  [DISTRIBUTION DISTRIBUTION
3UPPLY
B | MAZOUT SULAR | GAS COAL
2 | SUPPLY SUPPLY \ SUPPLY SUPPLY




cceesEXAHMPLE OF BASE YEAR ENERCY -DATA 3ET.....

Tabdle D-3 Base Year (1978) Industrial Energy Demand Data Food Industry (103 tep)®

Fuels and Other Energy ltems

Auto=-
End~Use Device Cse Diesnel Fuel Lubri- Nztural Hydro- Purchased Generated Total Total .,
Energy Demaand Haphtha Kerosens ot} Fuel ol cantse Can Biomass powver !lac!rlcl!yb Blec!rlcl!yh Klectric® Energyf
INDIRECTY HEAT _
Consu-ptlog 84.0 29.6 183.6 22.0 708.5 379.0 1406.7
Efficiency 0.7 0.7 0.7 0.7 0.7 0.6 0.6
Useful Energy®.. 58.8 20.7 20.7 128.5 495.9 227.4 946.7
DIRECT HEAT -~
ANY FPUEL
Congumption 26.0 191.8 217.8
Effltctency ).6 0.6 0.6
Useful Energy 1S.6 115.1 130,7
DIRECT HEAT -~
CLEAN FUEL
Consumption 46.0 46.0
Efficlency 0.7 0.7
Useful Energy 32.2 32,2
MOTIVE POWER
Consumption 17.79 72.59 (28.43)f (101.0) 90.38
Effficlency 1.0 0.7 0.7 0.7 0.7
Useful Energy 17.79 50.8) (19.9) (70.7) 111.6
REFRICERATION
Consumption 74,60 (29.21) (103,.8) 74,60
Efficiency 0.7 0.7 0.7 0.7
Useful Energy $2.22 {20.45) (22.66) 52.22
LICHTING
Consumption 30.8) (12.06) (42.90) 30.81
Efftctency 0.2 0.2 0.2 0.2
Useful Energy 6.16 (2.41) (8.59) 6.16
AUTO-GENERATED
ELECTRIC FUELS .
Consumptlon 74.0 22.0 36.9. 86.2 21.0 (8) 240,
TOTALS , : :
Consuaption 84.0 29.6 283.8 44,0 937.2 17.79 132,2 400.0 (3) 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

%1 tep = 1.05 x 107 KCAL = 4.393 x 10!0 joules..
by 1 Devlice Efficlency = Useful/Consumption
Cuneful Energy = Energy Cunaumption x End Use Device Efficliency.

dSource Electric Demand Consumption has been adjusted so that distribution by end use device 1s the same for purchased electricity and auto-generated
electricity. -

®Total energy includes fuels used to produce auto-generated electricity and e.cludes the auto-generated electricity produced to avotd double counting.

.

‘Nunbura In parontheses not fncluded in totals,



ECRESSION ANALYSIS WITH THE STATISTICAL

ANALYSIS SYSTEM (BAB)

By
Karen A. Guziet
Energy & Bnvirenmental System Division
Argonne Natienal Ladoratory
May 28, 1985



'ARGONNE HAS 3 LEVELS OF
COMPUTING CAPABILITY

® MAINFRAME - IBM 3033
® MINI - VAX 750
® MICRO - 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
L OCATED IN NORTH CAROLINA, USA

@ WORLDWIDE DISTRIBUTION AND SUPPORT



SAS DISTRIBUTOR FOR EGYPT

Al-Falak Electronic Equipment & Supplies Company
P.0. Box 1963

Alkhobar 31952

Kingdom of Saudi Arabia

Phoine (966) 3-89G-6560

Telex 670841 KHALIJ SJ

Fax (966) 3-894-6560

Contact:
Hr. Tanwear Abbas (speaks Arabic)
Hr. Hichael Brawn (speaks English)



SAS iI5 A MULTIPURPOSE DATA ANALYSIS TOOL

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 OPERATNONS RESEARCH



REGRESSION ANALYSIS / METHOD OF LEAST SQUARES

Given a set of X,Y points find the line that
passes naarest all the peints and whose sum of
distances from the actual point to the peoint

of the line is minimized.

Y=b, + b, X



LEAST SQUARE PARAMETER ESTIMATES




Example 9.1: Plot a scatter diagram and find the least squarcs line for the following

data:

X

1 23 4 5
y: 3 6718

i1
data is shown in Figurc 9.8. In order to find by and

s we have done in Table 9.2
and b,. From

The scaiter diagram for this
b, itis helpful to arrange the numbers in a table such a
From this table, it is easy to find the sums necessary to calculate b,

Cquation (9.4), we find
b, = ¥ (x, — )y — HIE (x, — %)* = 18/10 = 1.8

1o}
| s} .
\7" 1.5+ 118,

2>
FIGURE 9.8 . . . R . .
Scatter Diagram and 0 l 2 3 4 [
Least Squares Line for Example 9.1 x

TABLE 9.2
Sums Needed for Example 9.1

Xy Yi (xy =% Oh—=7 (x—=X) 0 —p) (=20
1 3 -2 —4 8 4
2 6 -1 -1 1 1
3 7 0 0 0 0
4 8 1 1 1 i
ER TR 4 8 4
$: 18 35 0 0 13 10

and from Equation (9.5), we find
The least squares line is .
bo + b,x = 1.6 + 1.8x

. In this cxampl.c, b, = 1.6 is a point estimate of f§, and b, == 1.8 is a point
estimate of §,. Theline 1.6 + 1.8x is an estimate of the true regression line g, + f,x.
This estimated regression line is shown in Figure 9.8.



REGRESSION ANALYSIS CAN BE USED AS
A FORECASTING TOOL

® LOAD GROWTH
® DEMAND BY SECTOR
® ENERGY REQUIRMENTS






CONSIDERATIONS WHEN GATHERING DATA FOR ANAYSIS

TIME

MONEY

COMPLETENESS

ACCURACY & RELIABILITY
DISAGGREGATE

MAJOR SOCIAL/ECONOMIC CHANGES

& & ¢ © © @



Y

PRQCEDURE REG IS USED TO GENERATE THE LEAST SQUARES

LINE FOR A LINEAR MODEL
CAPABILITIES OF PROC REG INCLUDE:

L)
&

& & ® ®

muitilple MODEL siaiements

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 hypotiheses



OUTPUT CHECKLIST

@ REVIEW PARAMETER ESTIMATES AND
THEIR ASSOCIATED ALGEBRAIC SIGNS
---are they . uitive---

@ R’ - RELATES THE % OF
VARIATION IN THE DEPENDENT VARIABLE
EXPLAINABLE BY THE INDEPENDENT
VARIABLE --- NEAR 1 IMPLIES
STRONG RELATIONSHIP BETWEEN X & Y

® CORRELATION ESTIMATE -
CORRELATION AMONG INDEPDENT VARIABLES




VU IFUII GAEGAING (CONL. |

@ DURBIN-WATSON TEST FOR RESIDUAL
INDEPENDENCE
D=2 - independent
D=0 - positive auto ~orrelation
D=4 - negalive aulo correiation

@ EFFECTS OF POSITIVE AUTO CORRELATION
1) coefficient estimates not efficient
2) sub-optimal forecast
3} variance underesiimated
4) model may be misspecified

©@ COOK'S D STATISTIC
i > 1 OBSERVATION IS INFLUENTIAL

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

@ VIF - VARIANGCE INFLATION FACTOR
inverse of corrriation matrix
IF > 10 there is a problem with the model



OUTPUT CHECKING (cont.)
SIGNS OF MULTI-COLLINEARITY

D

E-TEST AND R® SIGNIFICANT BUT
NONE OR ONLY 1 COEFFICIENT SIGNIFICANT

ALGRBRAIC SIGNS NOT AS EXPECTED

LARGE CHANGE iN COEFFICIENT WHEN A
VARIABLE 1S ADDED OR DELETED

LARGE CHANGE IN COEFFICIENT WHEN A
DATA POINT IS ADDED OR DELETED

LARGE STANDARD ERROR GF COEFFIGIENT
CORRELATION AMONG INDEPENDENT VARIABLES



OUIPUT CHECKLEIS! (cont)
REVIEW PLOT OF RESIDUALS

LINEAR RELATIONSHIP
RANDOM ‘
© CONSTANT VARIANCE
INDEPENDENT
OUTLIERS

® SEQUENCE




A survey of the clerical ewmployees of a large financial organizatlion includes
questions related to employee satisfaction with their supervisor. There was

a question regarding the overall performance of a supervisor as well as
questions that related to specific acrivities involving interaction between

the supervisor and the employee. An exploratory study was undertaken to try

to explain the relationship betveen specific supervisor characteristics and
overall satisfaction with supervisors as perceived by the employees. 1Initially,
6ix questionnaire items were choden as posaible explanatory variables. A
description of the variables is as follows.

Variable Description
Y Overall rating of supervisor

X1 Cwp NT Handles ?mployee conmplaints

X2 PRVY Doec not allow special privileges
X3 C>P§X£ﬂ2\ Opportunity to learn new things
Xy le\EfL§> Raises based on purformance

Xs o Too critical of poor performance

Xs NOVU AN Rate of advancing te better job
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FMODEL CROSSPAOCDUCTS X*'X X'Y Y'Y

XX INTERCEP CHPLNT FRIV OPTeR
INTERCEP 30 1933 1594 1591
curLuT 1998 133203 103795 113305
iy 1594 1C5773 87035 91223
CrrcR 1571 115335 91903 93311
FNISES 1937 13122% 161569 111551
CRIT 243 150101 11256C5 12¢221
£0VAH 123 86673 €537 74452
RATING 1939 133017 1055406 1115379

SEQUENTIAL FARAMETER ESTIMATES

INTERCEP 64.6333

-0.05016

-.103224 0.
-. 102385 0.
-.103552 0.
-0.07305 0.

237576

265331 -.025512
269061 -.033451
320332 0517321

.0154833
.03333°% -.217057

CHFLIT 14.3763 0.75461
FRIV 15.3276 0.720313
CrPoR 11.2553 0.6326415
NAISES 11.8335 0.691149
CRIT 11.0111 0.692053
ADVANLC 16.7571 0.613133
INVEPSE INTERCEP
INTERCEP 2.633555
CHFLHT -0.0C22433
PRIV -0.00203262
0Pi'OR -0.00615357
RAISES -0.004329¢62
CRIT -0.0226535
ADVANG 0.00C6E552171
RATING 10.73703

)

X'X IHVEFSE, B,

CHPLHT FRIV arreon
=0.0025433  -0.00253362  -0.00515359
0.0005157622 -0.8001635635 ~80.00214533%
-0.000163635 0.0603657464 =-.CA0C535115
~0.00014333% ~.00CC522115 0.00054247¢ )
=0.000371772 .0009%515723% -0.000153322
4.67753E-97 =-.0G0C0% 1353 0.000C770751
0.0002397332 =-.0000023045  -0.0002237461
0.6131876 =0.073595C1 0.3203321

RAISES
193%
131824
164643
111261
123759
146097
bl O]
127430

SSE
RAISES
-0.00%432%62
~-0.0G0371772
.00031516727
-3.000152932
0.6C373173000
-0.600127773
-0.5380337231
0.05173213

CRIT

2243
150101
1176%5
1283521
145077
170541

97136
145519

CRIT

-0.0236505
4.677555-07
=.00CJ9721843
0.0080570261
-0.099132773
0.0054325292
=.0%30670563

0.033231%5

9:46 FRIDAY, MAY 26, 1785

ADVIHC

1223
65673
6029
76952
85329
97135
55358
83311

ADVANC

0.0606562191
0.0002507332
=.0000333545
-0.070262741
-0.690337281
-.0000570503
0.0C053557249

-0.217057

RATING

1939
132017
104826
111579
127490
165519

§1311

125621

RATING

10.78708
0.6131876
=0.0737301
0.320,.21
0.031722i3
0.07223145
-0.217057
1149

2



DEP VARIADLE:

SOURCE DF
MODEL 6
ETIOR 23
C TOTAL 2§
RCOT MN5E
DEP MEAN
c.v.

VARIABLE DF

INTERCEP
CHPLHT
FRIV
OPPOR
FAISES
CrIT

e e T X

GATING

SUM OF
SQUARES

3147.966
1149.000
6206.€57

7.0567994
64.633333
10.93552

PARLNETER
ESTINATE

10.787076
0.613183

-0.0739590
0.320332
0.08732
0.03333

-0.217057

covs

INTERCEP
CHPLHT
FRIV
0FPCR
RAISES
CRIT
ADVANC

CORRB

INTERCEP
CHPLNT
PRIV
OPFOR
RAISES
CRIT
ADVAIZ

COLLIMEARITY DIAGHCSTICS

HMEAN
SQUARE F VALUE
524.6561 16.5322
49.956535
R-STQUARE 0.7326
ADJ R-SQ 0.6523
STANDARD T FOR HO:
ERROR  P&RALETER=0
11.539257 -0.931
0.160253 3.83%
0.135725 -r 833
0.165520 1.901
0.221473 G.3%9
0.146525 0.25
0.178203 -1.218
INTERCEP CHPLNT
134.3109 -0.127054
~0.127054% 0.025%1525
=0.181523  -0.00317453
-0.207412  -0.0C318457
0.216293 ~0.0155725
-1.1220% .00C02334757
0.03275243 0.01155912
INTERCEP CHPLHT
1.0000 -0.05631
-D.055 1.0000
-0.115% -0.3741
-0.1574% -0.5317
-0.0843 -0.5:59
-£.6045 0.¢G10
0.C159 g.4222

VARIARCE FROTCRTICHS

=0.0%0557412

-0.02915924

SAS

FROD>F
0.03¢C1
PRO3 > |T] TYPE I S5
0.3516 125324
0.0099 2927.52%
0.5755 7.513542
0.0%79 137.267
0.7155 0.942175
0.7753 0.552737
0.23%5 Th.11624%
COVARIANCE OF ESTIMATES
PRIV orreR
-0.181523 -0.397412
-0.C0817943  -0.00313457
0.0131211%  -0.00312255
-0.60312785 0.0703771
0.0023053%8  ~0.0074550

0.03%5%7075

-0.010423

7,

CONRELATION OF ESTIMATES

PRIV OFFCR
~0.115% -0.1574
-0.3741 -0.3017

1.¢0n0 -0.1355
=0.1215 1.0025
0.0767 -0.2059
-0.Ca39 6. 1357
-0.13%5% -3.3172

STANDARDIZTD

TYPE II SS ESTIIATE
63.280126 0.000000
724.800 0.679725
16.67156C5 -0.073427
158.555 0.30°270
6.2022/6 0.065512
3.40526% 0.021200

74.116014%

FLISES

-0.215293
~0.0155725
0.092365353
-0.6074328
0.049052346
-0.G0?12273

~0.C182344

RAISES

-0.6563
-0.52¢3

0.0757
-0.25¢0

1.0009
=0.2395
~9.4270

0. 1834354

CRIT

-1.1320%
00002335757
~0.0006457418

a.00184703%
-0.0072130673
0.021603766
~0.002347%5

CRIT

-0.6645
0.0012
=0.0227
0.1857
-0.2005
1.0009
-0.1279

TOLERANCE

0.374945
0.6245652
0.440326
0.324852
0.514260
0.512402

ADVANRC

0.03278243
0.01153912
~-0.00116434
-0.010428
-0.01625%4
-0.0233956
G.03172362

ADVANC

0.0159

0.4922
~0.1266
~0.3472
~9.4270
-0.127

1.0¢929

VARIANCE
INFLATION

6.000000
2.667062
.6002%1
.271043
.078226
.228109
1.951591

— AP en



SAS v:95 FRIDAY, MAY 24, 1985
COHDITION PCRTICH PORTICH FCOTIOH PORTION FORTICH PCRTICH FORTIOM

NUMBER EIGEMVALUE INDEX  INTCRCEP  CNMTLNT TRIV ghrcn nalses CNIT  ADVEANC

1 6.875 1.000 0.0003 0.0003 9.0006 0.09G4 0.0002 0.06973  0.0CC6

2 0.03%867 13.132 6.0023 0.0760 0.1573 0.00722 0.999%  0.0'75  0.3059

3  0.035233 13.968 0.07°6  0.09C5 0.05%%  0.C677  0.C021  ©.1220 0.1759

4 0.023502 17.104 0.0033 0.0941 0.6577 0.1579 0.0220 0.0142  0.0324

5 0.012765 23.206 0.141% 0.2497 0.0754  0.667%  0.0776¢ 0.C3C5  0,1233

6 0.007579 35,118 0.7523  0.059%  0.6226  0.15°2  0.Gi40  0.675 0.1145

7 0.005307 34.409 0.0203 0.4931  0.C512 0.0653 0.8§237  0.16%1 §.2418
PREDICT STD EPR LONERSSZ UPPER95Z LOHEIN95Z UPTIR95% ST0 ERR  STUDEHT COOK'S
0BS  ACTUAL VALUE FREDICT HEAN MEAN FREDICT FRCLDICT RESIDUAL RESIDUAL RESIDUAL -2-1-0 1 2 D
t 643.000 51.110. 6.1356 62.555 57.655 24.170 6&£.0°0 -8.110 5.732  -1.615 j ax| ] 0.149
2 63.900 61.353 1.635 57.970 64.735 - 45.34%5  75.3%0 1.647 6.876 0.24%0 | | | 0.000
3 71.000 69.937 3.137  63.450 76.477  53.913  £5.91% 1.061 6.33% 0.157 | i | 0.001
4 §1.000 61.22 2.870 55.25 67.165  45.645  77.003 =.22(552 6.459 ~0.035 | | | 0.000
5 §1.000  74.634 2.161  70.024  72.873  57.176  &2.731 6.5%0 6.736 0.372 [ % 1 0.014
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7 58.900 67.143 2.652  61.553  72.2G64 51.5%5 82.652 -9.1&23 6.61% -1.383 | wx| ] 0.059
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26 66.030 67.8%3 .$%5 57.5%1 73.G55 43.585  C5.701  ~1.843 5.07 -0.246 | | | 0.013
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SUPPLY/DEMAND BALANCING

CHARLES M, MACAL
CENTER FOR INTERNATIONAL ENERGY DEVELOPMENT
ENERGY AND ENVIRONMENTAL SYSTEMS DIVISION
ARGONNE MATIONAL LABORATORY
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ENERGY SUPPLY/DEMAND BALANCING
QUTLINE

© BASE YEAR BALANCE'
® PROJECTING FUTURE BALANCES

® MODELING APPROACHES

e

ATSONA
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BASE YEAR BALANCE




THE BASE YEAR BALANCE HAS AN IMPORTANT ROLE

© INTEGRATE HISTORICAL DATA ON ENERGY SUPPLY
£ND DEMAND FLOWS
- ENERGY NETWORK
- DATA GAPS, INCONSISTENCIES

® PROVIDES A FRAMEWORK FOR PROJECTING
FUTURE ENERGY FLOWS
- BASIS FOR PROJECTICNS
- TOOL FOR ANALYZING PLAHNING ISSUES




<

ENERGY METWORK REPRESENTS ENERGY FLOWS
FROM SUPPLY TG DEMAND

© DISAGGREGATE ENERGY SECTOR INTO ACTIVITIES
AND FLOWS

® ACTIVITIES
- ENERGY RESOURCE PRODUCTION, IMPORTATION
- PROCESSING
- TRANSPORT, DISTRIBUTION
- UTILIZATION

© {TVEL OF DISAGGREGATION DEPENDS ON THE USE
FOR THE NETWORK
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CONSIDERATIONS IN NETWORK DESIGN

9 LEVEL OF DETAIL
- DEMAND SUBSECTORS
- PROCESS TYPES
- REGIONALIZATION

® DATA
- AVAILABILITY
- TIME REQUIREMENTS FOR
COLLECTICN, PROCESSING AND
ANALYSIS




ESTABLISHING A BASE YEAR NETWORK BALANCE
IS AN ITERATIVE PROCESS

® COMPILE DATA
® -IDENTIFY INCONSISTENCIES AND GAPS
® COLLECT DATA

9 MAKE ASSUMPTIONS
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PROJECTING FUTURE ENERGY BALANCES




METHODS OF PROJECTING FUTURE
SUPPLY/DEMAND BALANCES

@ MANUAL BALANCING

® ACCOUNTING MODELS (COMPUTERIZED
MANUAL BALANCING)

® ENERGY SECTOR MODELS

'AT{OMNA
-HA.




ENERGY SUPPLY/DEMAND BALANCE PROBLEM FOR FUTURE YEARS

PRESERT

e BASE YEAR ENERGY
SUPPLY/DEMAND BALARCE

FUTURE

8 EHRERGY DEHARD
o ENERCY IMPORT PRICES

@ REISERYES AND COSTS OF
ENERGY KESOURCES

© AVAILABILITY AND COST OF
ENERGY TECHNOLGGIES

ERERGY SUPFLY/DEHARD
QALANCE PROCEDURE

v

FUTURE EMERGY SUPPLY/DEMANDB BARLANCES

GUANTITIES OF EXERGY FLOWS
COSTS AND PRICES OF ENRERGY FLOWS

o

GOVERKHMEKT POLICIES
STRATEGIES



FUEL CHOICE DECISION POINTS
ARE EMBEDDED IN THE NETHORK:

FUEL SUBSTITUTION (}}?}\)

FUEL/TECHNCLOGY SUBSTITUTION

T

FUEL SUBSTITUTION FOR
GIVEN TECHNOLOGY

FUEL COMPLEMENTARITY | i

— > pyeL, [ ] TECHNOLOGY, (O DECISION POINT




MANUAL BALANCING MECHANICS

START WITH BASE YEAR SUPPLY/DEMAND BALANCE

PROJECT ENERGY DEMANDS

ESTIMATE PROCESS THERMAL EFFICIENCIES

BACKTRACK DEMANDS THROUGH NETWCRK PROCESSES

ESTIMATE ENERGY FLOWS AT NETWORK BRANCH POIMTS




FUEL CHOICE DECISION POINTS

ARE EFMBEDDED [N THE NETHORK

FUEL SUBSTITUTION

FUEL/TECHNOLOGY SUBSTITUTION i

FUEL SURSTITUTION FOR
GIVEN TECHNOLOGY

FUEL. COMPLEMENTARITY

—> FUEL,[ | TECHNOLOGY,

]
T

x

&

() DECISION POINT




MANUAL BALANCING MECHANICS

START HITH-BASE YEAR SUPPLY/DEMAND BALANCE
PROJECT ENERGY DEMANDS

ESTIMATE PROCESS THERMAL EFFICIENCIES
BACKTRACK DEMANDS THROUGH NETWCRK PROCESSES

ESTIMATE ENERGY FLOWS AT NETHORK BRANCH POINTS




FACTORS CONSIDERED-IN ESTIFATING
ENERGY FLOWS AT BRANCH POIRTS

® MARKET RESPONSE
- RELATIVE FUEL PRICES

= GOVERNMENT CONTROL OF PRICES
ARD/OR QUANTITIES

®  GOVERNIFENT OBJECTIVES

- PRIORITY TO DOMESTIC RATHER THAN
IMPORTED FUELS

- PRIORITY TO LABOR-INTENSIVE ENERGY
ACTIVITIES

- PRIORITY FUEL ALLOCATIONS TO
PARTICULAR ENERGY-USING SECTORS




MANUAL BALANCING VS ENERGY MODEL

© AFOREMENTIONED FACTORS CONSIDERED
IMPLICITLY IN MANUAL BALANCE AND
ACCOUNTING MODEL.

® FACTORS CONSIDERED EXPLICITLY IN
ENERGY SECTOR MODEL

sope
HATIONA
,




FAR

‘MODELING APPROACHES




G\

ENERGY COST IS MOST COIMMON BASIS
~ FOR ESTIMATING ENERGY FLOWS

® ADDITIGHAL DATA MEEDED
® TECHNOLOGY PARAMETERS

9 FUEL IMPORT AND DOMESTIC
RESOURCE PRICES
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CONVERSION PRCCESS:DATA

CAPITAL COST OF REPRESENTATIVE FACILITY (%)
CAPACITY (MMBTU/YR)

OPERATING & MAINTENANCE COST (NON-FUEL) ($/YR)
THERMAL EFFICIENCY

LEAD TIME (YRS)

FUEL OUTPUT PRICE
PRICE CONVERSIOHN = FUEL PRICE/n -

s> PROCESS

S
+ 0gM COS|
+ CAPITAL CHARGE
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PREDICTIVE VS. NORMATIVE
MODELING APPROACHES

¢ PREDICTIVE

- WHAT WILL HAPPEN GIVEN
ASSUMPTIONS

- ASSUMES GOVERNMENT HAS

LIMITED CONTROL
e NORMAY(VE

- WHAT SHOULD HAPPEN GIVEN
GOVERNMENT OBJECTIVES

- ASSUMES GOVERNMENT HAS
TOTAL CONTROL
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PREDICTIVE MODELS

8 EQUILIBRIUM

s SIMULATION




EQUILIBRIUM MODEL

SET OF EQUATIONS REPRESENTING
ENERGY QUANTITIES AND PRICES

SOLVE FGR EQUILIBRIUM QUANTITIES
AND PRICES

THCLUDE GOVERNMENT REGULATION

AND DECENTRALIZED OBJECTIVES




EQUILIBRIUM MODEL CCNVERSION PROCESS EXAMPLE

. . CAPITAL
0l + o7
TERM

0, =0Q; x e % P, = Py *

e

o, = 7,
|




NORMATIVE MODELS

e LINEAR PROGRAMS (QUALIFIED)

6 [WULTI-OBJECTIVE PROGRAMS




LINEAR PROGRAM

OBJECTIVE:
o
MIN TOTAL COST: <= . ¥
1; 71 7'1d
P
CONSTRAINTS: =Sy L
T Aty T B

(DEFAND, CAPACITY, CHANGE RATE, ETC.)

1 =1,2,..n




EQUILIBRIUM MODELS

¢ ADVANTAGES

- FLEXIBLE AT REPRESENTING COMPLEX
PRICING POLICIES

~ DECENTRALIZED OBJECTIVES ARE
EASILY EMBEDDED IN NETWORK

- MARKET SHARE DISTRIBUTION NOT
LEAST COST

@ DISADVANTAGES
- CONSTRAINTS DIFFICULT TO MODEL

- MODEL SOLUTION SOMETIMES DIFFICULT
OLVE FOR
TO SOLVE FO A




{ INEAR PROGRAM

ADVANTAGES

- COMSTRAINTS HANDLED EASILY

- MODEL SOLUTION IS ROUTINE

DISADVANTAGES

- PRICING POLICIES VERY DIFFICULT
TO HANDLE

- ASSUMES GOVERNMENT CONTROL OVER
ALL PRICES AND QUANTITIES

- KNIFE-EDGE SOLUTION CHARACTERISTICS

- LEAST COST SUPPLY ASSUMPTION

s
B




DYNAMIC MODELS LINK
SOLUTIONS THROUGH TIME

¢ CAPACITY IN PLACE

6 MARKET SHIFTS

LY




SUMMARY :
IMPORTANT ASPECTS OF ENERGY MODELS

¢ ACCOUNTING/COST BASED

e NORMATIVE/PREBICTIVE

e STATIC/DYNAMIC

@ LEAST COST SOURCE/ALLOCATION MIX
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CONSIDERATIONS IN SELECTING

An ENERGY MODEL

CAPABILITY TO ADDRESS THz PARTICULAR
ENERGY PLANNING ISSUES

EASE Or UNDERSTAH
THE MODEL {AND

RESCURCE REQUIREMzHTS TO IMPLEMENT THE
MODEL




AGRICULTURE END USE DEVICES
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Comparison of Base-Year
Devices with Hoderate an

£fficlencles of Agricultural-Sector End-Use
d Enhanced Conservation

Laco- Modacele Crhzaeed
Category of Yeor Qonsevvation Techrlcal Congecvation Technieal Ioproventat
Beaful Energy nd-Usa Z!tle{:ncyb gificlency®s® Chanze Licied Efficiency®® Change ticltd ofARg overdy
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Bryar with
bicetillste
Backup®
gloctrochanlecal Electric 0.38 ©.60 1.0} 0.563 1.09 3
end Lighting Bevice
Kachanicsl diczilledc- e.3% 0.36 1.08 0.39 1.13 s
Drive Filzed Yngine

epovico o7flelency date hova boenr gserecated into ganarle cetegerivo froz o dlrczgregoted doto cat,
bris eho sfficlexcy of tha devlca and fo eha ratlo ol eaergy cut (coeml crergy) to encrgy ia (snerg
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and backup uwcage.
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PROCESS EQUATIONS FOR KRETWORK EXAMPLE

NOTE: Pi = price on input link of process
Po price on output link of process
Q; = quantity on input link of process
Qo quantity on output link of process

RS!1 (Resource Process 1)

- 2
P.= 5+ .50 +.02Q

RS2 (Resource Process 2)

P, = 34,77

PPl (Pricing Process)

P =.8P
o

i
Q0=0'i

DEC1 (Decislon Process)

Po ™ Pi(iank 1) Sitnkl * P1(1ank3) 511nk3
r
] 1
where S = - + ——eee
linkl Py (11nk1) (1inL1) Py (1ink3)

1 3 (
S 1 = SR . L]
1ink3 Pi(link3) -J

W = Yertak) ¥ Y (11nk3)

PR1 (Conversion Process)

' o |
P = ;1-+ oM + giﬁu 1(1+)
° @]
QO = Qi“

DEM] (Demand Process)

Q; = 500/P,



DATA FOR NETWORK EXAMPLE

RSl (Resource Puacess 1)

. 2
Py=5+.50Q,+ .02 Q

RS2 (Resource Process 2)

Supply Curve: P = 34.77

PP) (Pricing Process)

Price Multiplier = .8

DEC1 (Declislon Process)

Price Sensitivity Parameter: r = 1.0

PRl (Convorslon Process)

Efficlency: n = ,77

0&M Cost: oM = 1.5
Tota) Capital Cost: TCI = 16,900
Capacity of Plant: CAPM = 803.4
Plant Life: n = 30
Interest Rate: i =.10

Capital Recovery Factor CRFin = ,10608

DEM] (Demand Process)

Demand Curve: Q = 500/p



ITERATION PROCEDURE [FOR EXAMPLE NETWORK

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

= 100 (Resource process 2)

Q
Q

= 10 (Resource process 1)

X T

- 1ink nos.

UP-PASS PRICE EQUATIONS:

RSI:
Py = 5+ .5 Q + .02 Q)7
RS2:
Py = 34.77
PP1:
DECL:

n

wvhere S, = (1/P)F/[(1/P))T + (1/P4)F]

53 = (1/P3)r/[ e & o ]
PRI:
¥, 16900
P5 = ?77'+ 1.5 + 803.4 . 10608

END OF UP-PASS.//

DOWN-PASS QUANTITY EQUATIONS:

DEM 1

PRI:

Q = &/-77



DEC1:

QT = Q/ASI where S1 is computed as in the up-pass

Q3 = Q455 where S; 1s coumputed as in the up-pass
PP1:

% - o,
END OF DOWH-PASS.//

END OF ITERATION

1~

1. Compare Q1 Ql

Q,

fl—~2

Q

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

3. If not equal, adjust Q) and QZ’ and begin another up-pass.



ITERATION RESULTS FOR NETWORK EXAMPLE

Iteration 1
ASSume Ql = 100 Q2 = 10

r, = 34.77
Py = 12.4929

P3 9,9944
P, 30.3847
PS 43,1921

4

]

Iteration 10 (Converged Solution)

Adjusted Q; = 6.318, Q2

34.77
= 17.5771

14.0617
20.9458
20.7651

oo N
N
4 I u

L]

2=
"

* *
Q) and Q) = Qp; STOP

o
| el
]

SOLUTION FOR r = 15 (least cost source)

P, = 34.770
Py * 25.1915
Py = 20,1532
P, = 20,1897
Pg = 29,9518

i

]

SOLUTION FOR r = 1.0 and priority on

(capacity = 10.0).

By = 34.770
Py = 11.8292
Py = 9.5362
P, = 22,1717
Pg = 32,5271

]

1l

Qf - 3,357
W o 11.677
Q, = 15.034
Q5 = 11.575
= 15.520

A - 6.202
G . 15.534
Q3 = 15-534
q, = 21.816
Qg = 16.798
Q, = 21.674
Qy = 21.674
Qg = 21.630
Qe = 16.694

resource production of resource 2

10.0
9.96%
9.963

19.963

15.372

[S

Ny
L



DATA FOR NETWORK EXAMPLE

RS1 (Resource Process 1)

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

RS2 (Resource Process 2)

Supply Curve: P = 34,77

PPl (Pricing Process)

Price Multiplier = .8

DEC! (Decision Process)

Price Scnsitivity Parameter: v = 1.0

PR! (Conversion Process)

Efficiency: n = .77

0&M Cost: OM = 1.5
Total Capltal Cost: TCIL = 16,900
Capacity of Plant: CAPM = 803.4
Plant Life: n = 30
Interest Rate: i=.10

Capital Recovery Factor CRFin = ,10608

DEM1 (Demand Process)

Demand Curve: Q = 500/p



DEC!:

Qf Q/4S; where §, is computed as in the up-pass

Q3 = QLS3 where 53 is computed as in the up-pass

PP]:

END OF DOWN-PASS.//

END OF ITERATION
7
l. Compare Q) = Q
?
Q, * Q,

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

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



ITERATION PROCEDURE FOR EXAMPLE NETWORK

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

Q = 100 (Resource process 2)
Qy = 10 (Resource process 1)

link nos.

UP-PASS PRICE EQUATIONS:

RS1:

Py = 5+ .5 Q + .02 QzZ
RS2:

= 34,7

Pl 34.77
PPli

P3 = 8 P2
DEC!:

]

where S (1/P1)r/[(1/P1)r + (l/P3)r]

S3 = (1/P3)r/[ « o ]
PRI1: .
P
4 16900
PS =35 4+ 1.5 + 803. 4 .10608

END OF UP-PASS.//

DOWN-PASS QUANTITY EQUATIONS:

DEM 1
Q5 = SOO/P5 . ‘5
PRI:

Q, = Q/.77



DEC1:

of = Q/451 where §; is computed as in the up-pass

Q3 = Q4S3 where S3 is computed as in the up-pass
PPl

Q% = Q

END OF DOWN-PASS.//

END OF ITERATION
l. Compare @ z Q
o, & q

2. 1If equal, thesc pricee and quantities const
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THE MATERIAL FOR TODAY FOCUSES ON ELECTRIC GENERATION

PLANNING ISSUES...

0

0

OVERVIEW OF ELECTRIC SYSTEM PLANNING
KEY DEFINITIONS

PROBLEH SESSION

GENERATION PLANNING PROCESS

WIEN AUTOMATIC SYSTEH PLANNING (HASP)
SCREFNING CURVES |

PROBLEH SESSION



ELECTRIC SYSTEM PLANNING IS LINKED TO OVERALL ENERGY
PLANNING PRIMARILY THROUGH THE DEMAND FORECAST

ADDITIOHAL CONNECTIONS:

o FINANCIAL ANALYSIS

o RESOURCE USE

BENEFITS OF LINKAGE:
e AVOID EFFORT DUPLICATION

o PROVIDE CONSISTENT ASSUMPTIONS FOR MAJOR INDEPENDENT
VARTABLES, SUCH AS POPULATION GROWTH

o DEVELOP UNDERSTANDING FOR BASIS OF FORECAST

\3}\



OF

CATEGORY

ELECTRIC SYSTEM DLANNING ENCOMPASSES A BROAD COLLECTION OF
ACTIVITIES SPANNING SEVERAL TINME HORTZONS

TIME FEAME

< increasing ume —>
Shori Medium long
(< 5 years) (310 yaGrs (> 10 years)
: y ]
y
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5y Transmission
O
—
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oy Distribution
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+——> implies Interceliuiar Interations io be Addressad



THE PRIMARY OBJECTIVE OF A PUBLIC UTILITY COMPANY
IS TO ADEQUATELY MEET DEMAND AT MINIHUM COST

o MEANING OF “ADEQUATELY”

s CONSTRAINTS

- FINANCIAL

- RESOURCE

TECHNICAL

ENVIRONMENTAL

POLITICAL

INFRASTRUCTURE
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CAPACI

RASIC GUESTIDNS MUST BE
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ENSURE AN APPROPRIATE
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SYSTEM PLANNERS FACE NUMEROUS COMPLEXITIES

¢ COORDINATION OF SYSTEM PLANNING CATEGORIES

o UNCERTAINTIES
~ DEMAND
. TECHNOLOGY PERFORMANCE

FUEL AVAILABILITY AND COST

FINANCIAL CONDITIONS

o LONG TiHE HORIZONS

6 ENORHGUS NUMBER OF "ALTERNATIVE LONG-TERM EXPANSION

PATHHAYS

g GIVEN A PARTICULAR GENERATING SYSTEM CONFIGURATION,

SYSTEM OPERATION MUST BE OPTIMIZED



T T =

VARIOUS TYPES OF PLANNING REQUIRE DIFFERENT TIME HORIZONS

Budgset
Rats Case
Caszh Flow

—
—
S
——
———t 00
J—
—]
]
—_—

Load Dispatcher

Disiribution
Transmission
Peaklng Cycling
&)
L
s = Base Fossil
g o
L, =
@ /2]
= ) Hydroaelectric
&
Nuclear
B

Strategic Planning é -




UTILITY DEVELOPMENT PHILOSOPHY SHOULD BE CLEARLY STATED

o 1SOLATED VS. INTERCONNECTED OFERATIONS

EMERGENCY SUPPLY

- INTERRUPTIBLE EXCHANGE

- JOINT PLANNING

~  SHORT-TERH PURCHASES/SALES
~ ENTITLEMENT ARRANGEMENTS

- JOINT QWNERSHIP

¢ EXTERNAL CONSIDERATIONS

”""Q’ -~



MAJOR ISSUES MUST BE ADDRESSED IN DEVELOPING A
LONG-RUN EXPANSION PLAN FOR THE RENERATING SYSTEM

DEMAND

o

TECHNOLOGY

[ca]

ECONOMIC

]

o

RELIARILITY

PRACTICAL CONSTRAINTS

L2



THE DEMAND FORECAST IS CLEARLY ONE OF THE HOST:

[MPORTANT PARTS OF GENERATING SYSTEM ANALYSIS

o POWER (KW)

o ENERGY (KWH)

o LOAD VARIATIONS OVER TIME
6 RANDOMNESS OF LOAD

e ERRORS 1N FUTURE ESTIMATED DEMAND



VARIOUS TECHNOLOGIES ARE CURRENTLY AVAILABLE AS
"CANDIDATES FOR EXPANSION OF GENERATING SYSTEMS

e NUCLEAR

e FOSSIL

e HYDROELECTRIC

o COMBUSTION TURBINES

o DIESEL ENGINES

¢ COMBINED CYCLL

¢ PUMPED STORAGE

P



THE PLANNER WUST ALSO CONSIDER POTENTIAL FUTURE OPTIONS,

o STEAM (WOOD, SOLAR. GEOTHERMAL, ETC.)

¢ FUEL CELLS
¢ PHOTOVOLTAIC

6 WIND TURBINES

QCEAN THERMAL ENERGY CONVERSION

[

a TIDAL POWER

s STORAGE (BATTERY. COMPRESSED AIR)



A FUNDAYENTAL ASPECT OF ANY ECONOHIC
EVALUATION 1S THE TIME ELEMENT
¢ 30-45 YEARS FOR ANALYSIS

o TIME VALUE OF HONEY

- INFLATION (DEFLATION)
- REAL CHANGES OVER TIME

g SELECTION OF DISCOUNT RATE

NECESSARY FOR COMPARING ALTERNATIVES
- RESULTS ARE CLEARLY SENSITIVE

- SCARCITY OF CAPITAL



THE LEVEL OF ADEQUACY FOR HEETING
DEMAND 1S ANOTHER IMPORTANT 1SSUE
- RANDOH BREAKDOHNS
- DEMAND VARIATICN
- HYDROELECTRIC VARIATION
- SCHEDULED MATNTENANCE
- NUCLEAR REFUELING

- CHANGES IN NEW CAPACITY AVATLABILITY

\



METHODS FOR iNCLUDING SYSTEM RELIABILITY
IN SYSTEM PLANNING VARY

o TECHNICAL CONSTRAINT

- RESERVE MARGIN
- LOLP

- UNSERVED ENERGY

o COSTS OF DIFFERENT RELIABILITY LEVELS



ONCE A POTENTIAL GENERATION SOLUTION IS FOUND
OTHER CONSTRAINTS MUST BE CONSIDERED
o TRANSMISSION
¢ UNIT SIZE
e FUEL
s MANPOWER
e FINANCIAL
¢ ENVIRONMENTAL
6 [NFRASTRUCTURE
¢ SITING

¢ DISTRIBUTION



Phase fconomic Compcrlison of Exponsion Allerngtive Plons Phase 2: Further Anglysis o Expansion Alternotive Plans
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THE FULL COMPLEXITIES OF ELECTRIC SYSTEM PLANNING.
MUST BE RECOGNIZED FOR BEST GENERATION ANALYSES

o ELECTRIC VS. OVERALL ENERGY PLANNING

o DIMENSIONS OF ELECTRIC SYSTEM PLANNING

o ISSUES FOR ANALYSIS



KEY DEFINITIONS



TO MAKE BEST USE OF THE INFORMATION PRESENTED IN
THIS COURSE, WE NEED TO AGREC ON DEFINITIONS

(]

(s

LOAD FACTOR

CAPACITY FACTOR
AVAILABILITY
SCHEDULED MAINTENANCE
FORCED OUTAGE

HEAT RATE

LOADING ORDER

SPINNING RESERVE



e

e

LOAD FACTOR IS THE AVERAGE LOAD
FACED BY A GENERATING SYSTEM

= . SYSTEM GENERAT!ON
PEAK LOAD X PER10D HOURS

L.F.

INCLUDES LOSSES (MUST BE CONSISTENT)

NET OUTPUT OF GENERATING UNITS

o



ANNUAL LOAD FACTOR IS OFTEN VERY DIFFERENT
FROM PERIOD LOAD FACTORS

LF; x PLj
1 ANNUAL PEAK LOAD

ANNUAL =
L.F.

—o
0

= -
M =

N = NUMBER OF SEASONS
PL;= SEASON PEAK LOAD

LF;= SEASONAL LOAD FACTOR



CAPAC

ITY FACTOR MEASURES QUTPUT OF A SINGLE

GENERATING UNIT

PER10D
TOTAL KWH GENERATED

CAPACITY =
FACTOR

THIT CAPACITY x PER1OD HO

URS



RCED OUTAGE RATE IS A KEY CONSIDERATION
IN GENERATION PLANNING

THE FO

FORCED OUTAGE HOURS
FOR = X 100 %
GENERATION HOURS + FORCED OUTAGE HOURS




PLANNED OUTAGE RATE REFERS TO INSPECTION
OR OVERHAUL OF MAJOR EQUIPMENT

¢ ANNUAL BOJTLER OVERHAUL

6 5 YEAR TURBINE OVERHAUL



ANCE OUTAGES ACCOUNT FOR SERVICE THAT

MAINTEN
R A SHORT TIME

CAN BE DEFERRED ONLY FO

e OFTEN COMBINED WITH PLANNED OUTAGE
TO YIELD COMPOSITE SCHEDULED OUTAGE
RATE

ARTLY INCLUDED AS
EORCED OUTAGE TIME
DOMMESS

o SOMETIMES p
| EQUIVALENT
BECAUSE OF RAN



A PERIOD OF IMMATURITY IS OFTEN
ASSOCIATED WITH NEW UNITS

12 700 - 539 MW
FOR \\\\ _
1S 130 - 199 MM
- —
0 { ) i )| S I

1 2 3 4 5 6
VEARS OF SERVICE

\':; '\’f} )



AVAILABILITY 1S 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



AVATLABLE HOURS INCLUDE SERVICE HOURS
AND RESERVE SHUTDOWN HOURS

AH = SH + RSH

AVAILABLE HOURS



PLANNED OUTAGE RATE IS
poR = SO
PH

FULL FORCED OUTAGE RATE IS

FOR = FOH
FOH + SH




EQUIVALENT FORCED OUTAGE HOURS
ACCOUNTS FOR PARTIAL OUTAGES

EFOH = 5 .(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

EFpR = [EOH + EFOH
SH + FOH




THE EQUIVALENT AVAILABILITY IS DEFINED
IN TERMS OF POR AND EFOR

EA =.(1 - POR ) x (1 - EFOR)

EA IS THE MAXIMUM CAPACITY ACHIEVABLE IN THE PERIOD



PROBLEM SESSION



1. COMPUTE THE ANNUAL LOAD FACTOR FOR THE FOLLOWING
CONDITIONS:

SEASON PEAK LOAD (MKE) LOAD FACTOR

1 1000 .60
2 1200 57
3 1500 55
ff 1000 .60

2, COMPUTE AVAILABLE HOURS, EQUIVALENT FORCED QUTAGE HOURS,
PLANNED OUTAGE RATE, FORCED OUTAGE RATE, EQUIVALENT FORCED
QUTAGE RATE, EQUIVALENT AVATLABILITY, MAXIMUM CAPACITY
FACTOR, AND MAXIMUM GENERATION IN KWH FOR A 100 MHE

* GENERATING UNIT UNDER THE FOLLOWING CONDITIONS:

IOOO.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 QUTAGE (FOH)

50 HOURS DERATED OPERATION AT 407 POWER

20 HOURS DERATED OPERATION AT 50Z POWER



GENERATION PLANNING PROCESS



GENERATING PLANNING IS A COMPLEX PROCESS

o LOAD FORECAST

0 EXISTING SYSTEM

o GENERATION RELIABILITY

6 PRODUCTION SIMULATION

e INVESTMENT ANALYSIS

o LONG RANGE PLANNING MODEL
8 FINANCIAL ANALYSIS

¢ 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
PERSONAL INCOME

(WEATHER ADJUSTMENTS ARE MADE IN BOTH METHODS)



(1MW)

THE LOAD DURATION CURVE 1S OBTAIRED BY ORDERING CHRONOLOGICAL LOAD DATA

PEAR L

SIS D) D ECEEY GINED ESrumal s —

} e} 2700 -

N~

\
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L
2000 +
e -
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L 1000} +
y
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THE LOAD DURATION CURVE [S SOMETIMES REPRESENTED
AS A FIFTH-ORDER POLYNOHWIAL:

2 I
Y = 1:0 -+ Zl Al X
I:

M
>
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i
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—
“n
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THE EXISTING SYSTEM HAS A SIGNIF1CANT
INFLUENCE ON PLANNING DECISTONS

6 EXISTING UNITS

o COMMITTED ADDITIONS
6 RETIREMERTS

o POWER POOL

¢ TRANSMISSION

6 CHANGING PARAMETERS USUALLY MEAN
NON-OPTIMUM STARTING POINT



COMPARISON OF ALTERNATIVES MUST ACCOUNT FOR
DIFFERENCES IN GENERATION RELIABILITY

¢ FORCED OUTAGE RATE

6 PLANNED QUTAGE RATE

6 MAINTENANCE OUTAGE RATE

0 RATEEOF MATURING FOR NEW UNITS
6 UNIT SIZE

¢ LEAD TIMES

6 SYSTEM RELIABILITY INDEXES



UNIT SIZE SELECTION IS AS DIFFICULT
AS SELECTING THE TYPE OF UNIT

6 CAPITAL COST PER kW DECLINES AS
UNIT SIZE INCREASES

o FORCED OUTAGE RATE USUALLY
INCRFASES WITH SIZE

6 SPINNING RESERVE REQUIREMENTS



HISTORICAL DATA INDICATE FORCED OUTAGE
RATE 1S A FUNCTION OF UNIT SIZE

FOR
(%)

UNIT SIZE (MW)



SYSTEM RELTABILITY INDEXES ARE MAJOR CRITERIA
FOR DETERMINING CAPACITY NEEDS

6 LOSS OF LOAD PROBABILITY (LOLP)

¢ LOSS OF ENERGY PROBABILITY (LOEP)

&

)



THE LOSS OF LOAD PROBABILITY IS THE PROPORTION

OF TIME THE SYSTEN

LOAD IS NOT MET

2 z

- =

= QI

g m

& 8' /\

oo . 0.

CAPACITY OUTAGE LOAD

~V
LOLP



[OLP DOES NOT MEASURE HOW
OFTEN FAILURES OCCUR

ONE FAILURE/YR THAT LASTS ONE DAY
OR
120 FAILURES/YR THAT EACH LAST 12 MINUTES

4RE 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 IS THE RATIO OF
ENERGY NOT SERVED TO TOTAL DEMAND

PROBABILIT%-O ‘ ENERGY NOT SERVED
OF LOAD AND TIME IN PERIOD
CAPACITY
OUTAGE
COMBINED LOLP
(Z oF TIME) | b 5 //
1 L - )
T BT
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 BSAT RATES
o FUEL COSTS AND ESCALATION

¢ OPERATION AND MAINTNENANCE (0O&M)
COST

e FORCED OUTAGES
6 SCHEDULED MAINTENANCE
6 USE TOTAL VARIABLE COST TO

DETERMINE LOADING ORDER
(ECONOMIC DISPATCH)

\‘.:‘:J )



THE ENERGY PRODUCED FROM ANY UNIT DEPENDS
ON WHAT OTHER UNITS ARE IN THE SYSTEM

VARIABLE  ECONOMIC

GENERATOR COST LOADING
(SI1ZE IN MHE) (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 IN THE
CAPITAL COSTS OF THE ALTERNATIVES

CAPITAL COST

(=r]

COST OF MONEY

(o]

ESCALATION OF COST

&

FIXED CHARGE RATE

(o]

‘v
Wy



COMPARING LEVELIZED GENERATION COSTS

OF ALTERNATIVES IS NOT A SUFFICIENT
EVALUATION:

0 ENTIRE GENERATING SYSTEM MAY BE AFFECTED

o SIMPLE CLASSIFICATION (BASE-LOAD, ETC.)
DOES NOT DETERMINE CAPACITY FACTORS

0 ANALYSIS OF INTEGRATED SYSTEM IS COMPLEX



GENERATION PLANNING MODELS
ACCOUNT FOR THESE FACTORS

EXAMPLE:

OBJECTIVE:

WIEN AUTOMATIC SYSTEM PLANNING
PROGRAM (HASP)

DETERMINE EXPANSION PLAN THAT
MINIMIZES TOTAL DISCOUNTED COSTS
C.ER THE PLANNING HORIZON

A2



FINANCIAL ANALYSIS IS NEEDED TO
DETERMINE KEY ECONOMIC EFFECTS:

o CASH FLOM
o INTEREST COVERAGE RATIQS
o REVENUE REQUIRLMENTS

o LONG-RUN MARGINAL COST



JUDGMENTAL EVALUATION IS USED TO INCLUDE
NONECONOHIC FACTORS AND DECIDE:

0

0

0

0

ENVIRONHENTAL EFFECTS
FUEL AVAILABILITY

WUCLEAR ISSUES

REGULATORY IMPACT

DIVERSIFICATION
OVERALL. RESKS

FINANCIHG AVAILABILITY



CURRENT ELECTRIC GENERATING
TECHNOLOGIES ARE:

o NUCLEAR

e COAL STEAM

¢ OIL OR GAS STEAM

6 HYDRO ELECTRIC

o COMBINED CYCLE

o COMBUSTION TURBINE

)



ADDITICNAL TECHNOLOGIES MAY
COMPETE IN THE COMING YEARS

GASIFIED COAL COMBINED CYCLE
FUEL CELL

ATMOSPHERIC FLUIDIZED BED (COAL)
PRESSURTZED FLUIDIZED BED

WIND

SOLAR THERMAL

ﬁREEDER REACTOR

GEOTHERMAL

SATELLITE POWER SYSTEMS



LIMITED STORAGE CPTIONS ARE AVAILABLE
TO FLECTRICAL UTILITIES

© HYDRO - WITH RESERVOIR
¢ PUMPED HYDRO

¢ BATTERIES

¢ COMPRESSED AIR

o CUSVOMER-SIDE THERMAL

N



COMBUSTION TURBINES HAVE LOW FIXED COSTS
AND HIGH OPERATING COSTS

SI1ZE:
EFFICIENCY :

CAPITAL COST

VARTABLE COST:

FORCED OUTAGE:

LEAD TIME:

LIFETIHE:

56 - 100 MW
247

$300 - 400/KkW
7¢/xNH

10 - 207

2 - 3 YEARS

15 - 20 YEARS



MUCLEAR UNITS HAVE HIGH FIXED
COSTS AND LOW OPERATING COSTS

SIZE:
EFFICIENCY
CAPITAL COST:
TOTAL VARIABLE:
FORCED OUTAGE:
LEAD TIHE:

LIFETIHE:

900 - 1300 MW

32%

$1500 ~ 3000/«kN
1d/klH

15 - 207

10 - 14 YEARS

30 YEARS



HIEN AUTOMATIC SYSTEW PLANNING (WASP) MODEL



WASP ADDRESSES LONG-TERM PLANHING

PERIODS UP T0O 30 YEARS

DEMAND FORECASTS (SEASONAL)

TECHNICAL & ECONOMIC CHARACTERISTICS
OF EXPANSION CAMDIDATES

EXISTING & PLABRED SYSTER

TECH!ICAL & ECONCHIC PARAMETERS
(INTEREST RATES, RELIADILITY)

" OPERATING COSTS DEPERL ON PREVIOUS

SELECT IO



THREE PLANKING PERIODS ARE DEFINED

1. PRE-PLANNIYG
o EXISTING + COMAITTED UNITS

2. PLANNING PERIOD

6 START IS FIRST YEAR AN UNCOMMITTED
UNIT COULD OPERATE

3. POST-PLAKLING PERIOD
6 OPERATE PLANTS PAST LAST YEAR

¢ REDUCE SALVAGE VALLE



THE EXPANSION PROBLEM IS TO DETERMINE
" THE VECTOR, Ky , OF ALL GERERATING UKTTS
OPERATING IH YEAR *®

Ki = Kear 7 A, - Ry *+ G

A, = COMAITTED ADDITIONS
Ry = COMMITIED RETIRENEMTS

G, = GEHCRATING UNITS ARDED IN YEAR
FROM LIST OF CANDIDATE PLANTS


http:DETERf.I.NE

TUE OBJECTIVE FUNCTION IS TO FIND THE MINIMUM

B, AMONG ALL

t = TIME
T = STUDY PERIOD END
] = CAPITAL COSTS
= SALVAGE VALUE
F = FUEL COSTS
M= 0&M COSTS
U = UNSCRVED ENERGY COSTS

COSTS ARE DISCOUNTED AT RATE i



RELIABILITY CONSTRAINTS MUST BE MET
FOR A CONFIGURATION TO BE ALLOWED

(1+a) D, 2P 2 (0 +b) Dy

LOLP (K,) < C,
WHERFE
a, = MAXIMUI RESERVE FARGIN
b, = MINIKUM RESERVE MARGIN
C. = CRITICAL LOLP
D, . PEAK DEVARD (IN CRITICAL PERICD)

P(K,) = INSTALLED CAPACITY IN YEAR t



WASP IS ORGANIZED INTO SEVERAL SPECIFIC PROCEDURES

LOADSY Fixsys | VARSYS
| J{ J
ceneen KT

BLERSIN

1
U’ PREHM’.EJ
DYNPRA 0o

g

OPTDJUM
NFIGURATION

REHERSIN

& .

REPREBAT




EY INPUT TO WASP INCLUDES:

DEMAND AND LOAD DURATION DATA
(SEASONAL)

HYDROLOGICAL VARTATIONS
(SEASONAL)

UNIT SIZE, FORCED OUTAGE, SCHEDULED
MATKTENANCE OF CANDIDATE UNITS

EXISTING SYSTEM AND COMMITHENTS
ECONOMIC PARAMETERS

RELIABILITY CONSTRAINTS



KEY OUTPUT FROM WASP INCLUDES:

OPTINMUM EXPANSTON PLAN OVER STUDY PERIOD

EXPECTED GENERATION FROM ALL UNITS FOR
ALL PERIODS

RELIABILITY PERFORMARCE (LOLP, UNSERVED
ENERGY, RESERVE MARGINS)

FORCIGN AND DOMESTIC EXPENDITURES
CASH FLOW OVER TIME

SENSITIVITY TO KEY PARAMETERS



CALCULATIONS ARE PERFORMED FOR UP TG FIVE
HYDROLOGICAL CONDITIONS

Fj,t=<1+i>'t“°‘5§ a Cyem
h
h

0, = PROBABILITY OF HYDROLOGICAL CONDITION b

Cs,e.n = FUEL PLUS VARIABLE O& 4 COST FOR ALL
PLANTS IN HYDRO CORDITION h



FIXED COSTS ARE INDEPENDENT OF THE HYDROLOGICAL
CORDITIONS FOR A PARTICULAR YEAR

e = Q0™ S it orprmaL costs-

-~ 1o TS e

My ¢ = (1+1) < URIT FIXED COSTS
k

i = DISCOUNT RATE

2 = URITS ADDED IN YEAR ¢

Vi« = SALVAGE VALUE FACTOR

N,

Jet

DISCOUNTED FIXED OgM COSTS FOR COMFIGURATION
3 IN YEAR ¢

k = ALL UNITS IN THE OPERATING SYSTEH

AF



THE DIMENSIONS OF THL WASP-III
PROGRAM ARE LARGE

UP TO 30 YEAKS 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

ARY HUMBER OF PROJECTS IN FIXSYS AND

UP TO 30 PROJECTS IN SEQUENCE IN VARSYS
UP TO 300 CONFIGURATIONS IN ANY YEAR

CUP T0 5000 SYSTEM CONFIGURATIONS FOR
DYNAMIC QPTIMIZATION

UP TO 14 CANDIDATE PLANT TYPES IN VARSYS



THE MODEL FOR THERMAL AND NUCLEAR
POWER PLANTS IS STRAIGHTFORWARD

o MWB: MINIMUM CAPACITY
o [MWC: MAXIMUM CAPACITY
o SPIN: SPINNIIG RESERVE CAPACITY

e BASE HEAT RATE

o AVERAGE INCREMENTAL HEAT RATE

o MAINT: MAINTENANCE REQUIREMENT
e FOR: IFORCED OUTAGE RATE

o CAFITAL INVESTMENT COST

o VARIABLE FUEL COST

° FIXED:OPERATING COST

o FUEL INVENTORY COST



WASP-111 HAS TWQ BASIC TYPES OF
HYDROELECTRIC PLANTS

o RUN-OF-RIVER PLANTS

o PEAKING PLANTS
- DAI"/ DUTY
- WEEKLY DUTY

- SEASONAL DUTY



MWB :

MWBK:

MKC .

MHC, <

HYDROELECTRIC PROJECTS ARE MODELED AS
CONSISTING OF A BASE AND PEAK COMPONENT

ANNUAL GENERATION

PERIOD GENERAT ION
o =0 'E

RUN-OF-RIVER CAPACITY

PERIOD RUN-OF-RIVER CAPACITY
o MiBy = Py * B

TOTAL CAPACITY

PERIOD CAPACITY
o HHC, = Q) * MKC

WPy = MHCy - MHB, : PERIOD PEAK CAPACITY

Egk=h" Mka,: PERIOD BASE ENERGY

Ep i = By - Ep it PERIOD PEAK ENERGY



THE COMPOSITE HYDROELECTRIC PLANT CONSISTS
OF THE SUM OF INDIVIDUAL PROJECTS |

)2

)
B % Ejk
MHCy = 2 MWCy i

J
MWB k' = y_ MWB J Lk

J
MNP = FHC) - MIBy
Eia/K = h y MWBK
Epy = Ex - Epk

HYDROLOGICAL CONDITIONS

=5
PROBABILITIES by s % Py =1
{=1

ENERGY FACTOR: 0y
BASE CAPACITY FACTOR: by

TOTAL CAPACITY FACTOR: cj



THE COMPOSITE HYDROELECTRIC PLANT FITS IN TWO
PLACES ON THE LOAD DURATION CURVE

b

(MW}
E=Ebe+Ep

Eb= h-MWB
MWC= MWB + MWP

I

MWP Lm § &&\Q

THERMAL PLANTS

MWB: RUN-OF-RIVER CAPACITY
MWP: PEAKING CAPACITY

—-91

HOURS



& MW POWER GENERATION
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POWER GENERATION
48 2T T
G < P
| ] 7
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\

THE THERMAL UNIT ADJACENT TO THE PEAKING HYDRO
IN THE LOADING ORDER MUST BE TREATED EXPLICITLY

) W) -

1

Ta

3
n!
PERERES

THERMAL PLANTS

™~

. )
1 (MW}

s

m-ri |

o | v

MY/e

1

el I

A\

YALID DURING TIME FRACTION T

Eb
.Ep

o heMWB
a E‘E%&

Ep-EP

Ep-E?2

N

™ - -
3\

THERMAL PLANTS

\\ \\\\: ["‘\;{3’?—_—" \§\\;\E\§\§\\§ \‘?\ ‘\ \‘\\\\\\

VALID DURING TIME FRACTION {5-t).

= T-Tae H 'T.,'Tb



THE WASP MODEL IS USEFUL FOR PRELIMINARY
LONG-TERM PLANNING OF ELECTRICAL
GENERATION SYSTEMS

e DETERMINES MINIMUM COST EXPANSION
PATTERN SUBJECT TO RELIABILITY
CONSTRAINTS

e DETERMINES SENSITIVITY OF RESULTS
TO VARIATIONS IN KEY TECHNICAL
AND ECONOMICAL PARAMETERS



SCREENING CURVES



SCREENTIG CURVES PROVIDE A SIMPLIFIED APPROACH
FOR QUICK ANALYSIS OF ECONOMIC CQMPETITIVENESS

0 SEPARATE TECHHOLOGY COSTS INTO “FIXED™ AND
PVARIABLE® COSTS

0 CONSTRUCT COST CURVES FOR EACH TECHNOLOGY
0 PLOT cosT ($/KW-YR) VS. CAPACITY FACTOR

0 DETERMINE LEAST COST ALTERNATIVES AS A
FUNCTION OF UTILIZATION

0  NUMEROUS LIMITATIONS

0 NOT & SUBSTITUTE FOR THOROUGH ANALYSIS



ARNUALIZED
FIxED =
CosTs

(&=
Ki=YR ;)

LEVELIZED
ANNUAL FIXED
CHARGE RATE

TOTAL
CAPITAL
CosT

($/KviE)

LEVELIZED

X ANNUAL

FIYED

CHARGE

RATE

(FRACTION)
CAPITAL
RECOVERY =

FACTOR

FIXED
4- O0&M
CosT

($/KW-YR)

R (1+R)¥

(1R -1



VARIABLE ANNUAL FUEL VARIABLE
CosT = AVERAGE X cost + 0&M
HEATY CosT
RATE

$ [
(}--*£) (KCAL/KM) |~ ($/KiH)
K \ KCAL

FUEL AND OPERATION AND MAINTENANCE (0O & M) COST SHOULD BE
LEVELIZED IF REAL ESCALATION IS ASSUMED TO OCCUR

s



ToTAL ANNUALIZED VARIABLF CAPACITY
Cost = E(I)XED + CosT X FACTOR X 8760
0STS .

$ H
($/104-YR) ($/1dd-YR) ( e (FRACTION) ———j
K YR

CAPACITY FACTOR



SCREENING CURVES ARE USEFUL FOR FIRST
APPROXIMATION OF COMPETITIVENESS

LAY
TURBINE COAL
LEVELIZED NUCLEAR
ANNUAL | — ;
COST i
($/KW-YR) E |
! | } ) ! 1

0 25 50 75 100

CAPACITY FACTOR (%)



PROBLEH SESSION



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

FRACTION OF TIHE

LOAD LOAD EXCEEDS
(M) GIVEN DEMAND
0 | 1.0
100 1.0
200 . 1.0
300 1.0
400 (MINIHUM LOAD) 1.0
500 0.80
600 0.40
700 0.20
800 0.10
900 - 0.05
1000 (PEAK LOAD) 0.00

=N



The discount rate is given by the weighteé cost of capital. If the
capital consists only of debt the discount rate 15 the 1nterest rate.
Clearly, all of these rates should be defined consistently, i.e0,
in the absenﬁe of inTlation or at a given iﬁf]ation rate.

Assume for this prpb]em:
1. Weighted cost of capital in the absence of inflation = 5%/yr.
2. No real escalation for'any'costs

3. Book Tife for ali fechno1ogies = 30 years

HYPOTHETICAL COST DATA

Technology/Size in M4 Capital Fixed Variable  Annual Ave Fuel Cost
' Cost 0&M 0&M Heat Rate 6
(8/kMe)  ($/Kiyr)  Mills/kMh  (keal/kwh)  ($/10 kcal)

Coal with FGD/600 1140 116.40 4 2560 8
Coal No FGD/200 1450 11.40 1 2590 8
011/300 950 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 screcn1ng curves for these generating optlons
b) Hhaf are the m1n1mwn coqt options and cver what ranges of capacity factor?
¢) For the Tollowing loau durat1on curve, calculate the fractions of total
'insfalled capacity ihat the screening curves indicate is opt1ma1
Ignore all maxntenance and forced outage considerations.

y = normalized load

X © normalized time

y = 1-2.68697 X + 11.216110 y2
~23.72454 x3 + 21.74757 4
-~ 7.25159 x5


http:21.74757.X4

SCREENING CURVES

In the initial stages of a generation expansi@n study, there are often
many more alternatives available <han can be }easonab1} considered in detail.
Screening curves provide a simple method for eliminating, from further

consideration, those alternatives which are significantly less economic.

Screening curves are only able to prdvide a rough-cut analysis and are
not a substitute for a de?ai]ed analysis. Unit availability, for example,
may not be considered when making a'screening curve analysis. As a result,
it is possible that the actual relationships emong technologies may be distorted
when a screening curve is used. Screening curves can be useful in simplifying

analyses, but their Timitations should be recognized.

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

for sinking fund depreciation is given by:

R= T (1+r)"
(14r)n 21

where: R = levelized annual fixed charge rate in the absence of taxes (fraction),
n = hook 1ife (years), and
r =

annual discount rate (fraction).

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



d)

e)
f)

What is the minimum load for the load duration curve in part c)?
(Expressed as a fraction of peak.)
What is the load factor for the load duration curve in part ¢)?

Briefly discuss why the solution to part ¢) is not really the

optimal mix of generation types.

A\



ORGANIZATION FOR ENERGY PLARNING
TRAINING COURSE IN ENERGY PLANNING

ENVIRONMEHTAL IMPACTS OF ELECTRIC
GENERATIHG TECHMOLOGIES
JUKE 3, 1935

JIM PEERENBOOM
EKERGY AND EmVIRONMENTAL SYSTEMS Division
ARGONNE NATIORAL LABORATORY

r\?’7



~ ENERGY DECISION MAKING REQUIRES THE CONSIDERATION
OF BOTH ECONOMIC AND NONECONOMIC FACTORS

Convantional
Costs

* .
i Changes in

y

\ Technology and

! Regulation Valuo
Typo of d t

Electrical | .|  Quantified | Judgmen

Energy Impacts Decision
System Maker

i Research v

:

:

. Unquantified
' Impacts




ENVIRCNMENTAL IMPACTS CAN BE VIEWED FROM A
MULTID IMENSIONAL PERSPECTIVE

K!S;éD

A

— AIR
— WATER
— LAND

— HUMANHEALTH & SAFETY

T L C [ = SPACE

§
S 14 R G
I /T&S OC‘,q' GG/O (OG
SHO=T-TERM C/p,o {

INTERGENERATIONAL

TIME



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

e ACID DEPOSITION DUE TO SOy AND NO, EMISSIONS

TRANSPORT AND TRANSFORMAT ION
\m

N ——

L.

90 and NO mix with oxyaen and woter 1n the Air
to Droduce Sulfuric and Nitric Acid

'W“NN
Coal-burning
Generators
c
Other
sources
- Automobiles
- Smelters

o GLOBAL CLIMATIC CHANGES DUE TO COo EMISSIONS

x]jj-)j



DECISIONS MUST BE MADE ON THE
BOUNDARIES OF THE ENERGY SYSTEM

SUPPLIERS BOUNDARY
OF FUEL OF ENERGY
SUPPLY SYSTEN

SYSTEM? -

FUEL SUPPLY
TRANSPORTATION
POWER PLANT

WASTE DISPOSAL

CONSTRUCTION
IMPACTS ?



REFERENCE ENERGY SYSTEMS PROVIDE A CONVENIENT
FRAMEWORK FOR IMPACT ANALYSIS

LXTRACTION

e

TRANSPORT

PROCESSING
+ AND
REFINING

lf!EPROCESSING 2

&t CONVERSION

v

DISTRIGUTION

]

DISTRIBUTION

v

END-USE
EMERGY

INDUSTRIAL
COMMERCIAL
RESIDENTIAL

»~ TRAHSPORTATION

SECTORS

.’\J.



IMPACTS CAN BE ASSOCIATED WITH EACH STEP
THE REFERENCE ENERGY SYSTEM

IN

PROCESSING

CXTRACTION -+ TRAMNSFORTYT
T T
1 ]
1 1
[} 1
t ]
-', - l,
] ]
1 ]
Y Y
- Miners’ ~ Occupaticnol
occldanis uccldonts
=- Black~lung - Public
discase accidantz

- Land use

-~ Cullural
darmage

= Convenilonal
costs

9
]
]

REPROCESSING

.

f
{
R

a

1

-ND-USE
ENERGY

INDUSTRIAL

AND =1 CONVERSION <! DISTRIBUTION 4 COMME ;
REFINING A I COMMERCIAL
1 t ! RESIDENTIAL
! ] r—— -
1 .
] | © .- ' TRANSPOR/ATION
: 7 \ DISTRIBUTION 4> SECTORS
1 { { Y T
t ] 1 1
£ ] } 1 !
Y Y Y T
~ Qecupotllonal ~ Occupatllonal - lend use - Emlsslions
accloants cccldonts
. =~ Alr pollutlon
- Lland uae - land vse . related disease

- Emissiony

-~ Convantlonal
coails

- Publle
anxisly

- Ecoryatem
damago

- Political
chonge

- Ecosystem
damage

- Amanliics

-~ Conventional
costls

= Agricultural
damages



ANALYSIS OF THE ENVIRONMENTAL IMPACT OF POLLUTANTS REQUIRES
THE KNOWLEDGE OF INTERRELATED CHARACTERISTICS

1. QUANTITY AND TYPES OF POLLUTANTS RELEASED;
2. DISPERSION OF THESE POLLUTANTS IN THE ENVIRONMENT;
5. 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
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