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ABSTRACT

¢

The potential .shorﬁages and higher priceS'bf oll and
, hatural gas can result in a dramatic ihcreaéé in electric
space heating demand. Oon the other..hand# increases in
elecdtricity cqétﬁ, enerqy conservation and‘ improved
insulation standards and practices, COuld;;résult in a
.substa tiél ldecrease iﬁ electric sp;ce he;ting -~ demand.
Thus, tﬁe resulting benefits and penalties AE elegtricrsbace
teating \ remain uncertain; ~ This | thesis pééséﬁts“_ a
qua;titat’de anélysis 'of the 1long-term implications and
impact of lectric space heating on an electric utiliiy. “A
three stage model 'fbr the evaluation of this impact of
electric ‘'space hestiﬁg is presented, The _model is. then

s

applied +o he WNew Brunswick electric power system to

‘caléulate the \generation and priﬁéry'fuel requirementg for
electric space, heating during the 1981 +to 2010 planning
period. The results of the evaluation are presented aﬁd
analysed in terms, of time-dependent system demand, primary
fuel requirement ”central electric generating capacity

-

requirements and total utility qeneration system cos%s.
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"GLDOSSARBRY OF TEBEHNS

Avajlable Capacity: The installed capacity of the syétem

minus the forced and scheduled outage capacities,

ppnual Peak Load: The maximum of the hourly average loads

during a year,

Bageload Units: Generating uni*s that supply most or all of
the povwer needed to ﬁeet.the demand base, i.e., the level
below which demand rarely falls. Baseload units'operate at
full power most of the ﬁime. Their annual capacity factor is

usually greater than 50 %.

Capacity: The net power output for which a generating unit

is designed.

Capacity Factor: The amount of energy generated by a unit

in a specified time period divided by the amoant it would

have generated if operated at full capacity.

chronological Load Curve: A curve showing the magnitude of
the demand 3as a function of time; the time scale may be in

hours, days, months or years.

-y -



gggggggéggg:. The heat=flow characteristic of a building.
component, expressed in tegmé of the amo?nt of energy that
vould ‘travel from interior of thé buildihg to the exterior
through a unit area of the comﬁonent in a unit time if

pusted by a temperature difference of one .degree,

Degree Days: The total annual deqgree days is the sum of the
di fferences between 18°C and the .mean temperatures in °C of

. every day in the year when the nean temperature is below

18°C, 1

Qggggg_gggggx_égi_: It is ang,generating unit which serves
customer load upon demand - pfovided the upit is available
‘ tobdo so and the dispatcher calls on it to operate, Thus,
the energy served by a demand energy unit is limited only by

its generating capacity and availability.

Discount_Rate: The annual rate that is usel to take iato
account inflation and the poténtial earning power of money.
'.ﬁetween two points in time, so that dollar amouéts fronm
different period can be compared in tefﬁs of their values at

some specific point in time.

r
Escalation Rate: The annual rate of increase of a cost.

Fixed_Costs: The annual costs -that must be paid whether or
not a generating unit operates, .generally includes capital

costs and some fixed operating and maintenance costs.

- yvii -



Forced Outage: A forced outage is an outage that cesults

ﬁrbm-'emergency conditions directly qsgpciatgd wvith a
bomponeﬁt t> be taken out of service 'immediately, el ther
automatically or as soon” as svitching operagkon can be

performe@,. or an outage caused by -improper operation of

equipment or human error.

Forced_Outage_Rate: The fraction of time that a geperating
unit will not function when it is called upon to generate,

excludiﬁg scheduled maintenance time and idle time.

Fbrecagg Demand: Total system load which will most probahly.

have to be éupplied.

Generating Capability: gutput power which can be provided
from exist<ing {in=-service), committed (under constructiony),
and planned (future commitments) generating- units or

stations,

Heat Fate: The amount of thermal enerqgy (BTU, joules or

kcal) needed to produce a unit of electrical enmergy (K¥h).

Incremental Fuel Cost: Mathematically, the incremental fuel
costs of a jenerating unit for any given pover output can be
defined as the limit of the ratio of the increase in cost of
.fuel input in doliars per hour to the correspondiqg increase
in power output'in megawatts as the increése in power output

approaches zero,

- viii -



Interned jate Lo gg Un ; s: ° Generating units ; operated’ as.-

"needed to neet daily variations in demand, their annual

capacity factor is usuall@fin the range of 20 % to 50 %.

Load Duration _Cugve: A grapﬁ derived from a chronological
lcad curve that shows, for each level of load, the amoﬁnt of

}
+ime that a particular load level was equalled or exceeded.
. -

Load Factor: The ratio of +the . average lcad over a

- designated period of time "to the period load occuring in

that perisd.

'Loss_of_Loal Probability: The probability that the demand

(usually peak demand) will exceed the available capacity of

the systen.

Merit oOrder of Loading: To achieve ninimunm operating cost,
generating units are committed in the order of their

incremental fuel cost, with the least expensive unit .first,

Optimal Generation EBxpansion an: E;pansion for an
electric utility that satisfies given levels of loss of load
prabability and reserve capacity margiﬁ and minimizes the
present worth of the total capital and operating cos®s minus

a salvage value,

Qutage: Déscribes the state of a component when it is not

available to perform its intended function,

- ix -
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Peaking Upniks: Generating units usually used to neet
“additional 1load when - all available base and intermediate '
units are already operating, expected annual capacity

factors are less than 20 ¥.

Pepnetratjop _leyel: Installeﬁ-capacity or demand increase of

a particular unit or option.

Blanned or gScheduled OQutadge: - A scheduled 6utége is amn
outage that results when a compohent is taken out of service
©lat a seleéted,time, usually for a purpose of coanstruction,

preventive maintenance or repair,

Present Worth: B process to convert the cash flow to a
single eqguivalent amount (usually the present value) based

on the duration of the study period and interest rate,

1

Reliability: Mathematically, it can be defined as _the -
probability of a systen perfqrﬁing its purpose'adequatély
for the period - of time intended under the operating «

conditions encountered.

Feserve Mapacity Margin: The excess of available generating

capacity over peak lbad: usually expressed as alﬁercentage'

of the peak load.

variable Costs: The costs that are proportional to a

generating unit's output (GWh), generally include;ffuel and

some operating and mainfenanée costs,



ABSTRACT o« o o 5 o

s —

ACKNOWLEDGEMENTS . .

GLOSSARY

12

H
. -

OF TEBEAS . .

apter

INTRODUCTION .

TABLE OF

CONTENTS

iv

vi

- I8

ekl

BACKGROUND AND MOTIVATION

Model Description . . .

1T,

IIT.

APPROACH L] L » . - - - L] & ‘-.
QUTLINE. OQF THE THESIS .

REVIEN OF POWER SYSTEM EXPANSIOE PLANNING . . . .

INTRODUCTION

THE CHANGING PLARNING ENVIFONHENT

s &

- THE GENERAL APPROACH TO PLANNING GENERR“ION e

CURFENT GENERATION PLANNING MODELS

BEETHODOLOGY . .

INTRODUCTION

ELECTRIC HEATING DEHAND KODEL
Dwelling Stock Model
Forem of Dwelling

Size of Dwelling .
Cverall Heat Transfer Coefficient
Basement Wall Below Grade Heat
Basement Wall Above Grade Heat

Basement Slab Heat Transfer
External Wall Heat Transfer
Ceiling Heat Transfer
Windows Heat Transfer
Doors Heat Transfer

»
.
L]
L]
L

Model . .
Transfer
Transfer

* »

- . - L]
L]
L]

Fabric Heat Transfer Coefficient .. . .
Infiltration Heat Traasfer Coefflcient .
GCverall Heat Transfer Coefficlent . . .
Thermal Insulation of Housing Components
Energy Fequirements Model .

- Heat Losses

Passive Solar Heat Gains .

wild Heat Gains -

—.xi_

L] L L - *

D e E -

10

10 .

M
13
15

17

17
17

- 20

20
21
23
25
26
27
28
29
30
30
30
Ch
33

33

35
36
36
38



1v.

CTOTAL IMPACT MODFL & 4 « o « o« o

"NUMERICAL EVALUATIONS AND RESULTS o« & o o s «

Power Requiregents for. Electric- Heating
The Computer Program Description . ..
GENERATION EXPANSION MODEL « « & ¢ o &
Load Hodel L] L] L] " L] L] L] - L] ‘
Load Probability Distrlbu+ion e
Generating Unit Model . . . .
Feliability Model . . . "2 &
fquivalent Demand . . ‘s & & &
Probability Distribution of the E
Demand . + + o« « & !
lLoss of Load Probability
‘Production Costing Model .
Merit Order of loading . .
Expected Energy .Generated by
Hydro Electric Plants . . . .
Cptimization Model . . « « . &

L
-
- L
L]

H-n\o- . L0 e o‘_,-
e
(R I T )
<y

- s = »
. =
=]

System DeRand v « « o 5 4 o e o & @

Load Factor « « o ¢ & & o o & &
+Installed Capacity Requirenments . .
Fuel Consumption .« « o« o o o o o
Financial Requirements . . « . .

INTRODUCTION o o o 4 o o ¢ 2 o o o & ¢ & s o
EVALUATION OF FLECTFIC HEATING REQUIREMENTS .
Fvaluation of the Overall Heat Transfer

L] Coeff.icient - » L] [ ] L ] * L] L ] . . L] L ] [ ]
Evaluation of the Incremental Demand . . .
Fvaluation of the Total System Demand . . .

DETEBMINATION OF OPTIMAL GENERATION EXPANSLON
PLAN o o ¢ ¢ e o o o 3 o & « o s s s ¢
Fesults of the Base Case . + + o o« s + o =
Eesults of the Electric Heatlng Case . . .
Seositivity:-Studies . « &« 4 4 4 ¢ @ o . e W
Sensitivity to Higher Construction Cost

for Nuclear Units .« & & « o 2+ o

Sensitivity to Higher Discount Rate . .

Sensitivity to Higher Fuel Cost Escalation

Rate for Wuclear "nits , . . .+ . .
Sensitivity to Higher Peak load Growth
. Rate o & & 4 o 2 o s o s 5 2 « & &
Sensitivity +to Lower Peak Load Growth
Rate - - l L[] - L] - - L] - - l. L] L [ ]

Comparison of the 7 Cases .+ « « o« o + &
DE*ERMINATION CF INCFEMENTAL IMPACT OF ELECTRIC

HEMIN(‘ .. - - - [ ] - - L L] L] - L] - L] L .
Impact on System Demand . « « % « o & o o+
Load FActDIS o ¢ o ¢ o o o o o o & o s
Impact on Generatiom Capacity . + « + + .+ &
Capacity Factors by Fuel Type .+ « + o+
Impact on Primary Fuel Consumption . . . .

- xii -

42

45 -

47 -’
50 -

52
58
59

61
64
€5
66
70
73
76
78
79
79
80
80
83

a8g .

84
84

85
89
91

100
101
102
106

107
108

111
111

112
113

118
118
118
124
124
132



Yearlonncremental Primary Fuel

Consumption . . .

0il and Gas Consumptions . . . .

Impact on Financial Requirement . .

'. COHCLUSIOI L] L ] L ] » L] " L] L] -. - : . L . a

- FUPTHEP EESEARCH . s s s .. P .o Y
Appendix

'!. BRIlEF DBSCRIPTION OF EASP -'_ » . o-"o e e .

B. DESCRIPTION OF THE NER BRUNSWICK ELECTRIC

SISTEH LI - - -' . L] - . LI - L 2 ]

-
L]
-

POWER

. L] -

C. ~ THE COMPUTER PROGBAM . « « %« o o o « s o = s «

V BEFERENCES L] L] L] . L] - - L] L L] . ..‘ - Ll L]

- xijii -

-

L ] L[]

1320 .

133

139 |
11

BRI

' page

1487
154

170

193

e

s O



Table
I

N I

2'

11.

12.

13. .

14,

15.
16.
17.

18.

Percentage Distribution of Different Dwellings

Types

Areas of Different ConstrUCtion Components

Dwell

LIST OF TABLES -

L] - L L L] L]

inqs * e e e s

Basement Slab Conductances

Thermal Resistance of the Housing Stock in

B‘EUHS

wick + &+ + . .

Maximum Power Requirements

Space
Cptimal

Optimal
Case

Optimal
Cprimal
Cptimal
Optimai

Cptimal

Heating-. . .

'ExpahsiQn Plan

Expansion Plan

éxpansion Plan

Expansion Plan

Expansion Plan
Expansion Plan

Expansion Plan

for

for

- -

for

for

for

for

for
-

Comparison of the 7 Cases

Summary

Summary of Load Factors

of Peak loads

- L

xiv

- L] L] * - L] Al -

,Basemcnt Hall Below Grade Conductances . .

L] L L ] L[] [ ] - L] L

Heat Loss Coef¢1c1ent of pifferent Cons*ructlon
: Components for Dwellings

L] Ll L L L] L) L]

- Summary of Heat Loss Coefficlents for Dwellings

page

for On~Demand Electrical

[] L] » L IRY - . L]

the Base Case .

the Flectric Heating

Case 51 . . . ,
Case 52 . . . .
Case S3 . . . .
Case 5S4 ., , ., .,

Case S5 . v e e

21

22
25

27
86

87

88

90

104

105,

109

“110

116
117
120

122



19,
20.
21,
22.

23.

24,

25.

26,
27.
28.

29.

30.

31.
32.
33,
34,
35.
36.
37.
38.

39.

Generating Capacity for the Base Case -, c e s e

_Generating Capacity for the Electric Heating Case

Capacity Factors for the Base Case . .;« « o« +

Capacity Factors for tte Flectric Heafing Case .

Yearly Fuél Consdmption for Electrical Generation
--l;for fhe Base Case . T * s ¢ 3 & & s &

Yearly Fuel Consumption for Electrical Generation
‘ for the Electric Heating Case .. ¢« « « + .

L

Yearly Incremental Fuel Consumption for Electrical

Generation ‘_ L] L] L] - 4 - - L ] L L - L L] [ ] L] -
Summary of Oil CONSUMPLiON « « o o« & o o o -4 .)//
Summary of Gas Consumption « o 4+ v « o o o .

Summary of Cash Flow . .+ & 4 v « 4« o o o o &

Coefficients of Fifth Degree Pclynbmial Describing

the Load
Thermal and
Thermal and
Hydro Units

l'escription

Duration Curves for Each Period , .

'Nuclear UnitS * &+ ¢ e s 8 4 = + = .'

Nuclear Units (Continuedy . . ., . .
and Capacities . « .« . v & v o . . .

of Hydro System per period (monthly)

Summary of Fixed System . . o o . e e e s e s

Thermal and

Thermal and

Nuclear Candidates . ¢ .« o o o o ...

Nuclear Candidates (Continued) . . .

Variable HYdro SYSteD .+ v o ¢ o o ¢ « o o o o

Loading Order of Units for Probabilistic Simulation

Capital Costs, Plant Life and Construction Time of
Expansion Candidates . 4 o & o o o o « & o

126
127
130
131
134

135

136
137
138

140

“155
156

157

159
160
161
162
163
164

167

169



(

 Figore

L

9.
10.

11.

12,
13.
14,
15,
1€,
17.

18,

19.

-t

LIST OF PIGURES"

Conceptual Model for Evaluating .he Impact of

Electric-Space Heating e e b & = & s s e s s

'~The\électr1c.ﬁea lng Demand Model Descriptlon".

Pxoposed Standards for Household Insulatxcn . e e

'Flow Charst

"Hourly Varlatlon of Hild ﬂeat Generation . . « .

Power Requirements for Electric ﬂeatlng o s o

Lpad'Duiation Curve of Figure € . . } . e s s e

»

Time Dependent Load Curve.for a Typical uonth T e

Load Probability ﬁistribution of Figure 6 o 0 e .

Fun-Pail=Repair~Run Cycle for a Generating Unit .

Generating Unit State Space Diagram . % .+ « + o -«

Forced Outage Probability Density Function of a

Genérating Unit « « ¢ o &« o ¢ o o o o

Grapﬁical‘lllustration of Convolution .« « « + « &

Final Equivalent Demand CUIVE « « « o o o & &

Typical Heat Rate CULVE . & « &+ o « & = « 4 e e o

TYpical InFUt/OUtput Curve . - (] - . » L] - L] [ [ .

Typical Incremental Heat Fate Curve . « « o« o o o

Graphical Illustra<ion of Loadina of Hydro Unit .

Hourly
fcr

Fourly
for

pemand for the Second Week of December 1481,
2815 Addi-ional 211 Electric Nwellings . .

Demand for the Second Week of December 1990,
21329 Addi+ional R1ll Electric Pwellings . .

- xvi =

of the Computer Program to Determine the

page

. un

. 48



- 20.

2%,
22,

23.

24,
25.
26.
27.
2-80'

29.

Hourly Demand fdéjihe Second Week bf Decenber 2000,
for 42727 Additiomal £11 Electric Dwellinys . .

HourLR‘Demand for,ihe’Second Week of Decenber 2010,
for 69894 Additional All Electric Dwellings . ..

Load Duration
* additional

Load Dhration
'~ Additional

Lecad Duration
Additional

l.oad Duration
Additional

Acurve for December 1981, for 2815

A1l Electric Dwellings . . . . e

Curve for December 1990, for 21329

All Electric Dvellings o+ « o o« .+ .

Curve_f&r'ﬁécémber 2000,.fo;A02727‘

All Electric Dwellings ... . . . .

“Cur ve for.Décéﬁber ZOIQL;for{6§89u

All Electric Dwelling’s o v o o . .

Peak Loadé'Durlng Study Peajod . . . . . o o e

Load Pactors During Study Périod‘. s e & a4 e

Nuclear Generating.Capacity During Study Period

Coal Generating Capacity During Study Period. . .

- xvii =

94
95
96
97
98

99
121

123

128 =

129



e
N

.Chapter I

INTRODUCTION

1.1 DACKGBOUND_AND_NOTIVATION

In anada todai, 01l and natural gas are by far the
most commonly used fuels for resigential space heaﬁing. In
1976, oil and gas heating systems were installed in 85 per
centlof the existing housing stock [29]. Flectric heating of
one forn or another accounted 'for omly 13 per cent [297,
about the same proportion as their iﬁtroduction in the late
1950's, In spite of a relatively 1low initial cost when
compared with gas and oil héating equipment, electric-
heating was énd-stiLl is expensive from an operating-cost
point of view, .‘ In ‘many,regions of the country today;
however, the differential between conventional fossil-fuei
and electricity prices is narrowing and electricity is being
used *o a greater extent tﬁan in the past. As crude oil
prices' in—fanada are moved towards world level, . higher
“heating oil prices are expected. . Electric util;ties are
forecasting incréased penetrations of electric heatinqg as a
result of potential shortages and higher prices of heating

oil and natural gas.,



As has been‘repeatedly stated by electric utilities in
Canadé apd US during the past cbuple of yvears, the days of
relatively cheap.and abundant quantities of enerqgy are over.
There 'is a growing shortage of’ conventional crude oil
,supplieﬁ and thatr is a cructal component of the current
_energy hix. As a recent report by the Department of Energy,
Mines and Resources [22] pointed out, there is a change from
historic utilization patterns of energy. The trend is one
containing a marked increase in the use of-electﬁical enerqgy
as other férms "becomne more éxpensive and ha;der to obtain.
This éétential shift toward electrical energy, however,
poses many a&ditional problems anq uncertainties for
electric'utilities, not the least of which is the accurate
fﬁrecasting of future capagity and energy requirements.

In the Province of New Brunswick (NB), for instant, the
Yew Brunswick Electric Power Coammission (N.B.Z.P.C.) is now
paying $15 per barrel -of heavy oil includipq the subsidy
from the Federal Government. However, as Federal subsidieé
are reduced in the future, o0il prices could well be in the
$50 to $60 per barrel range., With the cﬁrrent uncertainties
in world events, thie pricé of oil will certainly reach

higher levels in the future.

This increase in the cost of oil has put a lot of

pressure on electric utilities. to change their ©planning



strategies, Plans for building oil-fired units are no longer
contemplateil, TIn fact, most utilities are contemplating
modifications to existing oil-fired facilities to burn coal

or an oil-coal mixture, or even mothballing inefficiemt oil

burning stations., As indicated in the recently published

National Energy Program [37]: A : :

The high cost of emergy in the Atlantic region is
. largely due to the region's heavy reliance on oil
for electrical generation. An immediate priority
is to replace existing oil-firead capacity with
lower-zost alternatives .., -The key to these
efforts is increased regional co-operation, which
tke Government of Canada will encourage through
genercus fimnancial assistance. .
' e SU
An Utility Off~0il Fund will be established, with
funding over the initial four vyears of §175
million to finance on a grant basis vp to 75 per.
cent o°f the cost of environmentally acceptable
conversions of oil-fired electricity plants to
coal. . '

The poténtial benefits and penalties associated with

eléct}ic space heating are often described qualitatively but
are usually not quantified. The potential benefits include
the possibility of substituting coal and nuclear for . the
more limited oil and gas 'fuels. The potential penalties

associated with electric space heating include the increased

generation requirements, the possible deterioration of the
system load factor and as well as increased primary fuel:

requirenents., The need to develop a credible computational

procedure suitable for use by electric wtilities to evaluate



quantitatively the long-term implications, and impact of
~electfric space heating is the very incentive for the work as
undertaken and described in this thesis.

1.2  ABPROACH

long term planning foé electrical energy generation is
a very difficult task dué'to the.many‘ unknowns and.complex
factors which must be predicted for a planning period which
may end some 25  to 30 years in the future. Because of the
uncertainties and complexities ihvolved; it is impdrtant to
be able to quantify any of these factors which may have a
significant impact on future electrical démand patﬁerns and
subsequently © ©om generation =~ capacity and operating:
strategies. A“completé systen etaluation of the problen
involves identifyiuq- the various factors aal conStraints,
modelling thefr effécts on deﬁand patterns, brojeciing=these
effects over the planning period,..calculating the resultinq'
electric genération expansion and operating schedule and
finally calculating the incremental impact on elements of

interest such as fuel consumption and capital requirements.

1.2.1 Model Description

The three stage model for the evaluation of the impact
of electric heating is shown in Figure 1. Stage 1 is the

electric heating demand model uhich.calculates the electric



: . n _ : .
demand * forecast as a function of the amount, ° weather

conditions, type and insul&tioﬁ standards. of electricallyl
hgated' customers for the housing 'étock-cbnsidered. . This
célculdtidn is'performed by an ,gnaf}tidal procedure that -
émplo?s a reﬁerence'peak demand ‘forecgsi;-'and'the enbedded
"reference forecast of numbers, type and‘insulation levels of
" -electrically heated' customers along with hourly demand and

hourly weather for a recent historic one year peridir

.Stége 2. 15‘ thelf generation expansion wmodel which
célculates-thé optimal generation expansion schedule. The-
'.bagic tool used in,thé analysis of the various i%térnative-
:éystem expansion plgﬁs ithhe'Hien iutomatic System Planning

(WASP) g1l, 2, 3, 4, 6, 9] package. This state-of-the-art
computer model uses the Baleriaux-aéoth [15, 16] method to
~probabilistically simulate the. operation of the power
stations on a monthly basis, ' evaluates the operating costs
fof each plant, calculates the present-worth value of thege
operdtihg costs and of the capital costs associated with all
planf adaitions during the study period, and determines the
total present-worth value - of these costs up to the study‘
horizon, Thke optimization techniﬁue employs dynamic
‘programming with the objective function defined as
minimization of the present ’worthed sum of capital and
operéfing costs ﬁinus a salvage value at the end of the

planning horizon, fhe optimal expansion plans must satisfy



given levels 6f "reliability, in terms of loss 6f load
_ probahil?ty‘(LOLP) andreserve capacity margin.
N

Stage 3 is the total impact model vhich calculates the
increment of total system demand, fotai_ system costs,
generation aﬁd primary fuel requirements for electric
heating by a method [8, 10,' 11, 12] that compares the input
and output of a reference case uitﬂ the input and output of
a case that represents an elecéric heating policy variation

relative to the reference.
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1.3  QUTLINE_OP_THE THESIS ' o :

In this thesis, @2 credible computational procedure
suitable for use by electric uti-lities to evaluate the long-
term ‘implicatipns aﬁd impact of  electric heating is
"developed.. The technique and procedure are~demon;trated by
performing a ser;es'of case studies over the i?&j to 2910

planning period. The New Brunsvick electric power systém is

selected for the analysis, The folldving studies are made:

1. Evalﬁation of a base case optimal generation
_expansion plan including pteséntly installéd and
comnitted .units and 'considering viable expansion
alternatives for generation during the AQBF- to 2010

study period.

2, Evaluation of the impact of increasing penetration
levels of electric space heating in .the residential
sectar on system derand, energy and load factor and

determination of optimal generaticn plans.

Tn addition, as a way of finding out the effects of the
assumptions made, this study élso includes a sensifivity
‘analysis of the key parameters used. Parameters such as
construction costs, discount rates, fuel cost escalation
rates and the load growth rate are varied and their effects

on the final results are examined, Finally, ‘evaluations in



terns of system demand installed generation, fuel and

financial requirements are made.

In the second chapter, a short reviey of pover systenm

'expansion planning is 'given. The general approach to

-

planning geheration is discussed. Also 4in this chapter,

current generation planninq models are discussed.
In Chapter three, the methodology and ‘the technical
details of the tﬁrée stage model are given, The electric
heating demand model, the generaticn planning model and the
- total impact model ' for the assumed housing stock are

presented.

In Chapter four, the. results eof the evaluation are

-presented. Reasons for the results obtained are also given.

The last chapter of the thesis deals with areas that requlre‘

further investigation and elaboration 3 brief description
of the WASP “package, the New Brunswvick electric power sSystem

and the computer programs are given in the Appendirx.



Chapter II

REVIEW OF POWER SYSTERM EXPANSION PLANNING

2.1. INIRODUCIION

The purpose of an eleétric-powér system is to supply a
geographical region with the electric power and energy
needed for its hcmes, industries, farms and institutions at
a predeternined’ leéél of reliability and at the cheépest
cost consistent with sound ecomomic and technical practices
with minimum or acceptable ill effécts,to the environment.
Thé planner of such a system has the tasﬁ of defining as
~explicitly as possible the optimal strategy for iﬁs“
deﬁelopment, so0 that the costs and the benefits of a service’ 

of a desired guality are in balance.

Pelative to past'practice; energy planning now involves
f many more options, existing or projected, and many more
.uncertainties. Pl;nning'has.t; be more extensive and careful
to permit a realistic evdlu;tion of implications of a
variety of plausible assumptions about  the future course of
evenfs with regard to the amount and character of energy

requirements, strategies to meet these requirements, and

costs and environmental impacts associated with implementing



these strategies, The questions the planner must address,
and find answers to, 1in the context of the new generation,
transmission, And distSibution facilities, are the size and
the number »of generating units of eéch fuel category, the
availability of generating sifes, tte lead time required for
construction and operation of generating facilities. While
a myriad of all possible combinations are possible, the
planners must vrestrict their choice to some selected
combinations of wunit sizes, locqtion and fuel mii. The.
Planner must exercise good judgement and have a good-
knovledge of "sound planning practices to carry out +this
selecticn pfocess.

. o {
2.2 THE.CHANGING PLANNING ENVIRONMENT

In the days of steady growth in demand and shoct lead
times, . the task of system Planning was comparative simple.
The inflation rate was low, fuel supp}y and sound financing
were regarded as assured, and cost estimates were assumed by
planners +t5 be reliable. The epviroumental impact of
electric power production and suppiy had not yet become a
social_issue, and thus the acquistién of land for generating'
Stations and transm@ssion right§ of way was not a nmajor
problem, The load forecaster gave his projeétions to the
system planner, -whose tinme Hasf spént mainly on immediate
capacity additions rather on syékem plans for 15 to 20 years

ahead. - i




However, this situation changed dramatically in the
1970s, For example, the forecast made in 1971 for peak
demand in New ﬁrunsuick in 1977 was about 13 % lowver than
the actual demand. Other factors tha£.have altered many of

_the traditional'concepts of system planning are:

1. The'impact of alternative technologies.

L

2. The uncertainty concerning fuel  and capital

availability.
. .
3. The unforeseen plant shut-downs.

4, Environmetal restrictions.

hlterngtive technologies such as co-generation, heat
purps, solar heating, biomass and wind energy will have
their influence, but their précise_ eventual role is
difficult to foresee, Most .large-scale cénventional
generating plant§ cost hundreds of millions of dollars. The
size.of the investment, combined with long lead-tines, makes
the financing of such plants a major undertaking, Before a,
piant is built, the supply of fuel over the plants service
life (normally 30 years) must be reasonably assured. Plants
may be shut down for extended periods hy regulatory agenciles
. of the?qovernment or by.the‘utility itself, for safety or

envircnmental reasons.



These uqcertainties may duluinaéé in either an excess
or a shortfall in the capacity of tﬁe e;ectfit power sys;eﬁ,
In either case, the resnl; wiil be to iﬁénease the cosﬁ of
power to .the customef.  ~The 1arqeé£ single component of the
cost of excess «capacity 1s the interest on the capital
ﬁorroued to finance the construction of the capacity. Other
charges, suck as debreciaﬁion and operations and maintenance
costs, depend ‘on vhether thé capacity is 4in service or

"mothballed®, 7hus, 1long term planning for electrical

energy generation is beconing more complex and difficult.

2.3 THE GENERAL_APPROACH TO PLANNING GENERATION

The first element in the methodology for planning the
additicn of new generating facilities is a long range load
forecast for 15 to 20 years in the future. This forecast
includes not only the peak demand but also the amount of
energy that will have to be supplied from year to year and

possible changes in future load.characteristics.

In determining the amount of new generating é&pacity
that vill be needed, two more factors are significant, In
order to meet the peak demand conditions in some future
yeafs at a specified level of reliability, a certaln amount
of reserﬁe. capacity 1s required for protection against
forced and scheduled plant shut-downs and deratings. While
the actual amount of reserve capacity £hat will be fequired

depends on the confiquration of the system, an initial

- 13 =



estimate may be made in the form of a percentage based oh
e;pﬁfience and judgement,  e.q. 30" to 50 % fof the
New Brunswick systen. Inladdition, it will be necessary to
replace existing capacity after it has conpieted its useful
life.. Thus, the expected growth in load,l the associated‘
reserve -marqin, and an allowance for plant retirement
provide the system planner ~with an estimate‘of ;he total

amount of new generating capacity that will be required over

the generating period.

The next step is to determine wvhich one of the
alternative forms of generation‘should‘bg used to meet thé
nevw capacity requirement. This involves an economic. study of
these alternatives to determine  their suitability for
supplying loads of various AdAurations, taken ihto accountlthe
operating characteristics. of the alterna*ives. With this.
information, along with the data on dgenerating capacity,
existing and under construction, +the system planner is able
tc formulate some broad guidelines for the expansicn of the
generating system. Starting with these guidelines, the
rlanner develops a number of feasible alternative plans with
a view to discoveringl the "optimum® plan. Considerations
that may restrict the numher of ﬁeasiﬁle alternatives are
capital, fuel, site and manpower availability. Fach
alternative plan is evaluated in conjunction with the load
forecast, to obtain estimates of capital regquirements, fuel

~requirements, operating costs, reliability etc. The plan

~



~

with the minimun .cost that also satisfy the reliability and’

other constraints is selected as "the basis for systen

expansion,

2.8  CURRENT GEBEEATION PLANNING NODELS

" The application ;of probabiiistic‘ methods by electric
utili+ies to plan the generation requirements and to predict
the costs of'generation has heen gvident‘ since 1933 in a
paper by Lyman [13]. Calabrese [1U] intrdduced the loss of
load probability (LOLP) approach which évdluates the
probability that the available cappcity, of a systenm 'bf
generéting units, wvas insufficient té¢ meet the demand. A
recursive technique discussed in Billinton [35] is commonly

employed to obtain this LOLP,

The basic technique for the probabilistic simulaﬁion of
iF_izstém 5f generating units supplying a load, for
production costing, is based om the | Baleriaux [ 15]
formulation. It was further improved by Booth [16].
Basfcally, the method evaluates the  expected enerqgy
generated by each generating unit as it is e&lled to nmeet
the demand, according to a predétermined loading order.
This is doﬁe by convolving the probability density function
(PDFy of forced 6utage capacity of a generafing unit with
.ﬁhe load probabilit; distribution, This procedure gives

rise to an equivalent 1load curve ({34] which includes the

- 15 =



outage capacity of the‘ggqefating unit which have.already
been committed. More recently, PRau and Schenk ‘[17] have
considered the Gram=-Charlier expansion and the Method of

Moments to efficiently evaluate LOLP and broduction costs.

These probabilistic methods have been incorporated in
many production cos;ing and reliability computef_‘mbdels
{1, 18, 19, éO] to estiaate. the cost of ‘Operating the
electrical generators and to déternine the optimal mix of
gene:atipn satisfying a specified loss of load probabilitj
and reserve capacity margin criteria. One of the state-of-
the-art coaputer model is the Wien Automatic System Plaaning
(RASP) [1, 2, 3., 4, €, 9] package. This computer model is
the basic tool used in this thesis to aralyse 'the various
alternative system expansion plans. Some details on HAS@

are given in Appendix A.



Chapter IIX

METHODOLOGY

3.1, INTRODUCTIOK v

This <chapter presents the technicél details of the
three stage model used to eyaluate the benefits and
penalties of electric_space heating. Stage 1 is the electric
heating demaqd model. ™e output of this model is the
resulting total hourly system demand forecast for electric
heating, stage'2 is the geﬁeration.expansion mﬁdel. The
ultimate output of this model is thé optimal generation
expansion schedule. stage 3 45 the total impact model vhich
calculates the increment of total system demand, total

system costs, generation and primary fuel requirements for

the assumed penetration of electric heating.

3.2 ELECTRIC_HEATING DEMAND MODEL

The purpose of the eiectric heating demand rodel is to
calculate the electric demand forecast as a function of the
amount, weather conditions, type and insulation standards of
electrically heated customérs. “To accomplishh?ﬂas purpose,
+he model must fulfill two major requirements. Pirst, it

nust represent the essential physical features of the losses



A

and .gains of heat in.the entire,housiﬁg stock in sufficient
dé£ai1.to permit accurate computqtion_ of the present energy
consumﬁtion for space heating without being too uhuieldy nor
requiriné_ excessive computer time or storage capacity.
'Secoﬁd, it must permit the investigation .of engrgy-saving
Optibns (e.g. the additicen of below grade insulation in
basements) in-. sufficient details to enable realistic

(— .
forecasts to be made.

I

To fulfill tl{ese requirements, it was necessary (1) ‘to
define a ﬁanageg le but realistic representation of the
préSent housing stpd%,_ with respect to its form, siie ;nd
thermall charactéristiés and (ii} to establish equatiocns
representing the heat losses and gains of this stock in a
realistic manner. The conceptual framevork of the electric

heating demand model is'éhpun in Figure 2. -
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3.2.1,. Dwelling_Stock_Model

The gneigy reqﬁirements of a dvelling are détermine@ to
some extent by its form and size, Obviously, a detached
dwelling, such as a single-family house, will genérate'
différent demands for heating and cooling than a dwelling
ﬁnit that 1is part of a larger structure, such . as an
apartment, Thérefore, the purpose of the dwelling stock
modelj is to represent the present housing stock, with

respect to its form and size.

'3.2.1.1 Fore of Dwelling

2

In-§p¥i; 1977,° sihgie detached dwelliang units were by
farlthe _ﬁost common qforﬁ of hogsing iﬂx Canada comprisiag
& 500 000 units ‘or ~ €0 percent of  the total.
housing étock [29]) as coﬁpared with 2 S50 150 apartament
units (33 percent of thé total), 295 914 semi-attached
dwellings (4" percent of the total) and 221 936 row houses (3
percent of the total). Although it has been suggested that
the single-detacﬁed dweiling is declining in popularity as a
preferred form of housing. In view of the existing stock,
however, and the number oflneu units of this type that are
appearing on the market each year, it seéms that it will be
sone time before there 1is a significant change 1in the
current pattern. Por this _ reason, the percentage

distributionsof the different types of dwelling is assumed

- 20 =



to remain - unchanged for the duration of tﬂe study period. ..
Table 1 giies the distributicn of housing types used in the

~study.’

TABLE 1

Percentage Distribution of Different Duellings‘by Types

Type of Dwellings : Perdentage_Distfibution‘
Single petached J ' 60
Semi Attached ' _ 4
Row House , ) 3

. Apartment o ' S 33

3.2.1.2 Size of Dwelling

For each type of dvwellings listedlin iablé—iﬂ éizes and
typical buildinq layouts were " established [2%]. The areas
of.the various rmajor components of the four dwelling types

E%gare given in Table 2., For the present sﬁudy; it was assumed
that +he same component areas will dppiy to future élecf:ic
dwellings. It should be noted that the component areas
reptesent. veighted~average values fo; a ‘variety of

dwellings.

- 21 -
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3.2.2  gverall Heat Trapsfer Coefficient Model

It is a basic principle of physics that.heat flows from
matter at one temperature to surrounding matter or space at
a lower tempé}ature. Thek transfer of heat :occurs by

conduction, convection, and radiation.

'Heat flows through a building's enclosing. structure

{the building envefope) mainly‘ by conduction through

-materials. (For a well insulated house, the effects of convection and

radiation may be neglectedr) The rate of flow depends on the
(] -

difference in temperature between the interior ' surface and

the exterior surface, and the capacity of the enclosure to

resist or prevent heat loss.

The heat flow characteristic of Va,wcomédnent of the
building envelope (such as a wall, a vindow, or the rcof) is
known as  its thermal conducténce. Tﬁermal conductance is
defined as the amount of heat energy conducted thtough a
unit area (from one surface to the other) in‘a ~unit time
with a unit temperature difference between the two surfaces.
When the surface-to-air and air-tp-surface conductances ' are
addéd, the resultant figure is known as the "J value”. The U
value ié expressed in vatts per square metre degree Celsius
or W/(m? °C), The higher the U value, the greater the heat

loss from the enclosed space.



The resistance, or R value, of a building component is
a measure of the component's insulating properties and is

_ simply the reciprocal of its U value,

-7he  heat that is transferred from or to a building via
transmission through walls, roqfé and basement is referred

to as the fabric heat transfer.

Heat loss is also caused by "direct air leakage that

’

occurs from the interior to the exterior through intentional
and unintentional openings in the building envelope. This
factor is completely separate from the U and R of the
building components. This kind of heat transnissioﬁ islknown

as infiltration heat transfer,

The fabric heat transfer is calculated by ccnsidering

" the following building components:

Componeﬁt Identification

Basement wall below grade
Basement wall above grade
Basement slab

External walls

Ceiling

Windows

boors

AN E W N —

The identification numbers are used as subscripts on

the variables to identify building components.



3.2.241 Basement iall}Béloi Grade Heat_Traﬁsfer

‘The thermal conductances of basement walls below grade

are glven by Latta‘[B&]. These conductances are btased on

the overall temperature difference from thke interior air‘to

+he ambient air and are expressed for each lncremental foot

cf depth below grade, as given in Table 3.

TABLE 3

Basement Wall Below Grade conductances

S

Depth Below Grade :  Conductance
Feet . Metres ‘ * W/m2 °C

1 0.305 - ’ . 2.33

2 _0.610 . . 1,25

3 0.915 . © 0.88

b 1.220 0.68

5 1.525 ' 0.54

6 1.830 0.45 .

7 2. 135 0.39

These dverall conductanceé for each incremental foot
below grade allow for typical thermal conductivities of soil
and an effective heat flow path length through the soil. The

overall conductances in the abhove table are each normalized

to a one-foot incremental depth of wall.

. 7o. establish the overall conductance of an insulated
‘ ‘ ,

basement wall below grade, the overall conductance of each



increhental foot is.“calculated by. adding - ﬁhé thermal
résistance corresponding to the conductance ini ﬁuestion iﬁ.
the above table to the thermal resistance of the insulation '
R;,, and then adding the resulting overall conductances for
'.each incremental foot, since each incre;entdl foot acts 1n
parallel for heat flow from the basement thr&ﬁgh the ground
to the ambient air, .and then dividing by @, the number of

incremental feet making the wall helou‘gtade;

That 1is -

m l .' . -

‘ (3.1)

1, \ |
“ U,

R, b
].J.ll,._J,

1
Ul-— m

j=1

3.2.2.2 . pasement Wall Above Grade Heaf Transfer '

The +thermal conductanée of the basement wall above
grade is célculated Qy adding - the thérmal resistance pf the
building component in question to the thermal'resist;née of
the insulation Rié' The thermal resistance. of baseméht wall

above grade is taken from (23], as follows:

Component = Thermal Pesistance (m2 °C/W)

Exterior film boundary layer - 0.030
B" concrete ; 0. 196
Interior film boundary layer 0,120

Totals ' 0. 346 - /-



Allow
thermal c¢

" given by:

3.2.2.3
The
based on

interior

ing for the effect of the insulation, the overall

onductance of . the basement wall above grade 1is

]

1

o1 : C(3.2)
27 0.346F R,

Basement Slab Heat Transfer

ef fective conductance of the floor slab, again
the overall temperature difference between the

alr and -ambient air, and ¢thus allowving for a

typical soil conductivity and an effective heat flow path

through th

conductanc

e soil, is taken from Latta [36]. The effective

e is a function of the widthk of the floor slab and

its depth bz2low grade. For a slab of about 1.8 metres, the
effective conductance is given in Table 4.
TABLE 4
Basement Slab Conductances
Slab Width Conductance
Feet Metres W/m2 OC

20 €.1 0.170

24 7.3 0.153

28 8.5 3.141

35 5.8 0.125

- 27 -



3.2.2.0 External ¥Wall Heat Transfer

The thermal conductance  of the external . wall 1is
calculated by adding the thermal 'resistance of the building
component 1in question :to the thermal resistance of the
insulation Ry ,. However, for components tc which insulation
ig added between studs, joists or rafters, allowance must be
made for the thermal resistance of  these elements in
parallel with the insulation.l The thermal resistancé of the

external wall as taken from [23] is:

Component ' Thermal Resistance (m2 °9C/W)
Exterior film boundary layer 0.030
Face brick siding 0.074
Building paper : 0.010
7/16m fibreboard 0.183
Alr space 0.1711
1/2" gypsun wallboard . 0,079
Interior fllm boundary layer 0. 120
Total: 0. 667

BY assumlng that the studs, joists or rafters elements
occupying 15 percent of the total area of the component, the

overall thermal conductance of the external wall 1is given

by: '
0.85 0.15
u, = + (3.3)
4 0.667 +R14 .0.667 +-Rwa )
where Rug = thefmal resistance of the rafter in m2 92C/W,

- 28 =



For a 2" by €é" rafter (actuai depth 5 172"}, the value

of Ry, is:

Bw[‘ = 1.21 (mz OC/")

3.2.2.5 Celling Heat Transfer

‘The thermal conductance of the ceiling is calculated by
adding the thermal resistance of the ceiling to the thermal
resistance of the insulation Rige

made for insulation in parallel. with the rafters elements.

Again, allowance must be

The thermal Tesistance of the ceiling as taken from [23] is:

Component . Thermal Pesistance (m2 92C/W)
Attic film boundary layer 0.044
1/2" gypsum wallboard o c. 079
Interior film boundary layer 0.107
Total: 0.230

By assuming that the rafters elements occupying 15
percent of the total area of the'component, the overall

conductance of the ceiling is given by:

U = 0.85 + 0.15
5 ‘0.23 + R, 0.23 + R
. i5 w5

(3.4)

Once again, the value of By, is the same as that for.

PWAI'

- 29 -



3.2.2.6 ¥indovs Heat Transfer

A1l windows are assumed-to be double-glazed. The
effective conductance of double-glazed windows, ' from Latta

[3E1], is:-

U= 3.33 (¥/m2 °C)

3.2.2.7 Doors Heat Transfer

All doors are assumed to be 45 am éolid wood door. The

effective conductance of the door, from Latta [36], is:

U, = 2.00 (R/m2 ©°C)

3.2.2.8 Fabric Heat Transfer Coefficient

The total fabric heat transfer coefficient is given by

the sum of the component coefficients.

Thus
7 ]
hF = :E: Uj Aj ‘ {3.5)
J=l ~
vhere Uj = overall thermal conductance of component j in

W/m2 ocC,

o
It

area of building component j in mnZ2,



3u2.2.9 Infiltfation Heat Transfer Coefficient

¢

When warm air escapes from tﬁe interior of a building,
it is replaced by cooler outdoor air. "Por each degree
Celsius of difference between the indcor and the outdoor
temperature, each cubic metre of air exchanged causes a loss
of 1206 joule Jin heat energy [231]. Tﬁe infiltration heat

loss coefficient is therefore given by:

————

hI = 1206-V-n (3.6)

volume of house in m3,.

<
=2
®
r
o
-3
[

=
1]

nunber of air changes per hour,

If the result is td be given in watts per degree
Celsius or H/°Cq then (3.6) must be divided by 3600, i.e.

h, = 0.335-V-n (3.7)

The greatest uncertainty in _determininq the
infiltration heat loss coefficient is the number of air
changes per hour, n. This depends on many factors including
window and door crack lengfhs, types of windows and doors,
duélling structure, wind velocity and direction, internal to
external temperatufe differences, existence or not of

fireplaces, ventilation fan operation and habits of

residents [25, 2¢, 27, 28].



The value used for n'in the stu} va.s’ 0.5 air changéés
per hour, which should be a conservative faihe for .a well-
built structure. ‘fhe use of a constant value of n in the-
analysis is, of course, an approximation to :e&lity éince
the infiltration rate mus% vary with timéﬁ@s ‘a function of
such factors as household éctivity, vind coﬁditions, fire
places and fan operation and out—door tenperature,
Nevertheless, a consgant value was used in the ' analysis
since: / T ' o | .

1. There are no authoritative studies which establish
infiltration as a function of the above vaiiables

with the degree of certainty that would be meaningful

within our model framework,

2. The model represents a large stock of houses ' with
diversity in location and househcld activity, -which
tend to produce much less variation in infiltrationm

in the model as a whole than in individual dwellifigs.

3. 7Tofiltration heat loss ranges between 15 and 25
peréent of total heat losses depending on the type,of’
dwelling [25, 26, 27, 28], so that even significant
variations in the averagée value of n will nof affectl

the results greatly,



3.2.2}i0 Overal)l Heat Tfansfer Coefficiént .

The overail"-hegt transfer coefficient including both

" fabric and infiltration Eeqt- transfer coefficients is given

.byz. - B | :

= hF + hI

7 : -
E u, A +0.335:¥n ‘ - 3.8y -
. j=1 o |

o
|

a

v

The overall heat-transfer coefficient is used in the

energy requirements model to calculate the space heating

energy regquirements,

M

3.2.2.11 Thermal Iasulation of Housing Components
‘ - . . A

. S A
The insulation levels assumed for dwellings. are thHose

proposed by Canada Mortgage and Housing COrpotation_[23].
The Proposed insﬁlatipn requirementsz {R-values) - és a
function of conventional degree—days.are' shown ;n Figure 3.
The degree-days for séveral cities are also included ‘id
Figqure 3. From Figure 3, the required insulation le'vels (R- )
values) for walls, roofs and' basement walls may be‘

established,
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o 3.2.3 Energy Reguigements fodel

To maintain a constant temperature, the basic -

requirement 1§ that heat must be added to the dwelling at

-

the same rate as the rate of heat loss. The total heat loss

from a bullding does not, however, represent the actual 1oad.

on the building's heating system, Some heat is replaced. fronm

other sources: solar radiation, the occupaants thémselves,

electrical appliances - and hot water consumed in the -

dvelling, This 1s sometimes called the "wild heat". “Thus
the heating load is calculated as the total heat loss 13§
the wild heat.  Obviously, the heating system operates only

1

vhen the heat loss is greater than the wild ﬁeat gain. A

A}

The amount of wild heat varies froam dwelling to

dvelling depending on such parameters as the amount of -

insulation,; the number and orientation of the windows And
the liviﬁg habits of the occupanté. " The purpose of-?he
energy requirements model is therefore to determine the
space heating requirementé on an houf—byfhour basis in the
various types of awellings taken 1into account the effect of
passive -solar heat qains and "wild heat® gainglf%rom

, ‘ A
appliances, equipments and océupants.‘ From \these

requirements, the total hourly system demand for electric -
i , .

space ﬁeéting can be calculated.
B

Y



3.2.3.1 Heat Losses
—

- The heat loss rate of a dwelling in watts at any given

tine is_calculpted by:

("

PL=G (T, -T) ‘ o (3.9)
-\\
wvhere G = overall heat transfer coefficient of ’duelling
ino i/OC.

T; = design inside temperature in °C,

T, = ambient temperature in °C.

_3;2.3.2 Passive Solar Heat Gains

Solar radiation  is a source of heat energy. Direct
sunlight falling on an opaéue..surface, through the windqﬁ}
_ié'converted to sénsible heat, generally at the point of

contact, Solar heat -is also absorbed by the exterior surface
rof the dwelling and,-éepending upon the effecéiveness of its
insulation, may be transmitted to the ~interior space.
However, passive solar heat gains throuqh;ualls and roofs
- are not very significant {31], therefore, 'their effects are
ignored in the model. It is assumed that all solar heat

gains -occur through windows.



In the approacﬁ'used here, the total windows areas for
3 _
different dvelling types vere first established. As in the

dwelling stock model, it was assumed that a sufficient

number of dwellings are considered so that the proportion of

windows areas in all direétions will be egual. Forj

calculation purposes, eight directionms (¥, NE,'E, SE, S, SW,

¥ and NW) were assuned.

The next step fequireﬂ the determination of the actual
sofar insolation on a horizontal surface on an-hour=by=hour

basis and .the conversion of this insolation to insolation

incident on the randomly oriented window glass From tables

L

of clear-day solar heat gain factors [39], a relationmship

. was established between the daily solar intensity cm windows

" averaged over the eight directions to the daily insolation

on a ~horizontal surface as a function of the day of the
yéir. The relationship can be - closely approximated by a

sine function [26] as follows:

(- =1.38 - 0.97 Sin{;‘—:S + 0.02747:} (3.10)

g

where d = day of the year.

Using (3.10), the incident solar insdlation on the

collective windows of a dvelling may be estimated from the

measured hourC=by=-hour solar insolation on a horizontal,

surface.



. where H

An allovance must aiso be made for the presence of
blinds 6: curtains on the winﬁows.‘ Of course, there is no
wvay of éctualiy determining the number of windows in the
housing stozk that will be equipped vith blinds or curtains
nor the percentage of time during the heating season tha
the blinds and curtains will be closed. Therefore, there)is
no justification for attempting to develop ajvery elabor

msdel foF gindous. It was thus assumed thaé éne-third of
-fhe'windous would have closed 5Iinds or curtains at any one
time, so that the correction factor for the daily solar'
inteusity factor was estiméted to be 0.667, Thefefore, the
rate ¢f solar heat gains in watts at any given time is given

by:

P = 0.667-Q-H'A . . (3.11)
s w - -

]

solar imsolation on a horizontal surface in

¥/m2,

o
b3
]

window area in m2,

3.2.3.3 Wild Heat Gains

Heat is also generated by appliances, equipments and
occupants of the dwelling, This is sometimes called the
*wild heat' gain, The heating season average wild heat gain

for dwellings was established as 22.6 kWh per day for all
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buiiding types exceét'apartments [25]. For'aParﬁments, the
hgatinq Séa son average ryild ﬁeat gain.was estimated as
19.2 kjh per day [25], which does not allow forlwater_heater
inefficiency, as the hot water tanﬁ is'part of a central
'heatinq system, remote from individual -units. j These

_estimates accounted for the most comnon electrical

'appliances, ‘including lighting, the aferage capacities and

usages., AN allowance for the heat generated;by occupants is

K also included in the wild heat contribution.

Although it is apparent that there will be a seasonal

variation in wild heat gains, no reliable information was

available on this quéstron and it was assumed thit there was

no variation in the daily-average of wild heat gains.

Informdtion on the hourly variation ,in wild heat

generation was avallable from [40]. This variation is h

result of a survey of a small sample and therefore does not

properly account for lPad diversity. To— develop a more

realistic hourly wild heat gain model,. the following

procedure was used, Recognizing that most.of the wild heat

qaln orlginates from electrical appliances’ and water heaters
[25], '{t was assumed that a typical electrical utllltY load
profile on a Sunday, being maihly a reéult of residential
use, would approximate fhe wild heat gain profile. If the

hourly electric demand on a Sunday is given by:

A



(R L

Do, HR=1, 2,3, ... 26

and assuming that the minimum wild. heat gain for .any hour is:
approximately 0.35 percent of. the daily-averagé wild heat’
gain, then the hourly wild heat_gain as a fraction of the

daily-average vild heat gain.is given by:

0.916 (D = Dypy)

. MIN ST .
W, = — + 0.0035 C(3.12)
HR ( Dy = 24-Dyre 0 o
wpere‘_ . DMIN=_Hin {Dyrl
24
Dy = 2 Dy
HR=1

The hourly wild heat gain is therefore:
w CHR w ) A ©(3.13)

vhere 0. = daily-average wild heat gain in Wh.
W

A typical wild heat gain profile is shown in Figure 4,
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3.2.3.4 Power Requirements for Electriclneating

-]

The on-demand power requirements for electric heating
are readily Qeterhined for each dwelling types in any city
knowing the dvwelling heat loss factors, - the 4indoor design

temperature, the ambient tempera}uge, the solar radiation on
.a horizontal surface and the dail;-average wild heat gains,
Assuming that the electric heaters.are 100 pergent efficiené
in ' converting electrig energy to heat, the  pover

requirements for electric heating at any hour is given bhy:

Pp=P - (P_+P) | L (3.14)

3.2.4 The_Copputer_ Program_Des tion SN

The various component models have been inteqrated using

a computer program, The computer program was developed to
®

calculate the power requirements for electric heating and to

manage the information produced from these models so as to

determine the effects of increased penetration level of

electric heating on the electric utility. A flow chart for

the program 1s given in Figure 5.

The logic of the program is described in the following

paragraphs, For a given metropoldtan area, the overall heat

- 42 -
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loss factors afe calculated for each dvelling types by the
overall heat transfer coefficient ' model. : From these
calculaﬁions,- the electric' heating demand for each of the
four dwelling ¢ypes is found for each hour of the year by
the enetgy requirements model. For ' a given assumed
penetration of electric dwellings, the individual demands
are mulifplied by the number of dvellings of each type, for
the given listribution of types for the cit} in question,
and thé total demands for ;ach dwvelling type are summed., The
result 'is the ¢total hourly Qe and .for electric space
heatiné. These loads are adaed to the reference hourly
electric loads for the c¢ity to precduce a‘neu. hourly load
‘curve, |
mhe computer program then gorts'the hourly data and
converts the modified hourly loads to an load duratipn curve
and ggnerates an output file f;r input to the qeneratioﬁ
planning program,. The program also produces graphica;
results which include the.samplé veek houfly load curves and

the monthly lgad duration curves.

A completg,ﬂiisting of the program 1is given in

Appendix CL’;/
{

- 43 - -



Fixed Data

-

Dwelling St
Size § Form
Thermal Res
of Dwelling
Tnsulation
Resi$tance

ock Data: \\
r
istance [

Components,
Thermal —
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call Plotting Routine

output of Numerical Results
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Figure 5: Flow Chart of the Computer Program to Determine
the Power Requirements for Electric Heating
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3.3 GENERATIQN EXPANSION HODEL

v

In system expansion planning involving choice between
alternatives, the least. cost investéent that meets fhe
demand for pover with a given reliability level, \is tﬁe one
that is selécted. production costing ;ﬁd reliability models
of power systems are used to estimate the costg of opqrating
the electrical generators and to estimate the ﬁrobability
that there will not be enough power to peet tﬂe customer
ﬁemand. Wwith these models, the effect on system costs and
reliability dﬁe to different assuﬁptions about ‘customer
demand, fuel costs, or generator characteristics can be
studied. The purpose of the generation expansion model 1is
thus to calculate the most cost effective éeneratibn
expansion schedule subjectl to reliability and reserve

capacity margin coanstraints.

Two major factors affecting system operating cCOsts are
uncertainties in demand and randcn failures of plants.
There are several models available that take these factors
into account. The simplest is a deterministic model with
heuristic calibration coefficients added to account for
plant failures, More complicated is a method developed by
Baleriaux and Jamoulle [15] whick combines the probability
distributions of customer demand and of plant failures to
find the expected value of the energy produced by each plant

and the probability that the customer demand will not be

1t



met. This method was further improved by Booth [ 16] which
includes the treatmént of reservoir hydro electric energy.
The model described in this section is the combined methbd

of Baleriaux and Booth,.

e

_ /
The main difference betvwebn the deterpinistic model and

the probabilistic modei is tha; electrical demand and
electrical generation are treated as randoh variables in the
probabilistic modél.._In the deferministic model, a‘plant's
capacity is derated to reflect random outages of the plant
during its operating period. This assumes that the plant is
alwvays available at its derated capaéify, @r equivalently,
that it has a .forced outage rate of zero at its derated
capacity. In fact, the plant is not always available, When a
plant fails, more expensive generation must be brought on
line to replace it. Since the deterministic model assumeé
that units néver fail, the energy suﬁplied by the more
expensive plants is underestimated. The deterministic model
also assumes that the electrical demand is fixed. 'In the
probabiiistic nodel, uncertainty in demand can be i;cluded

ipn its probability distribution.

In the prsbahilistic nodel, the electrical demand and
power plant failures are modelizaﬁés random variables. That
is, a povwer plant has a probability of fa;lure\and the
electrical demand has a probability of being at a given

demand level,

- U6 -
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3.3.1 Load.model

Tﬁe most often used load eedel is the load duration
curve (LDC) .- The LDC 1is a function vhich relates the.
~customer's load level to the duration of time that each load
.level is equalled or exceeded. The data‘required to deVelop‘
such a medel efe readily availaﬁle, since contlnuous
readings of systenm demend and energy are usually obteined on
a routine basis by electricd utilities. If a regerdinq of
instantaneous demands vere plotted for e éarticular
historical month, a curve such as depicted in Figute 6 might
" result,  From this curve, the load duration curve.as shoun
in quure 7 is easily constructed The 1oad duration curve
is created by determining what percentaqe of time the demand'
exceeded a particular level, where percent time l§ shown on
therx—axie and demand level . on the y-axis. ﬂalthodeh detail
is leet in the conversion, the load duratien curve is easler
to work with fer time periods longer than.a day and‘for time
periods for which there is not eneugh information to create

hourly curves.



ZLY

Yyjuoy ﬂﬁUﬁ&ma‘m 103 ©9A10D cmma cuapuadag amTl

SHYNOH

v0§ 9g€

:9 sanbty

891

T - T

00s

0001

G0S§1L

oooZ

'

(MWN) aNvaa

us



L
*

DEMAND (MW

1500

1600

500

2000

Q o
’ 1 I} * \ L
25 ' 50 / 75 100 -,
./ {
™ -DURATION (}}
Figure 7: _ Loai Duration cui:ve of Fig ré’\s
‘  » S A
):‘ - -..— ..-—'—- - -...-—-.d.ual:-'._,u.'._.—-'- Lo



-

. \ »
r -

.

3.3.1.1 Lload Probability Distribution

The load pfobability distribﬁtipn for the electrical
demand ‘can be created by equating -the  cumulative
distribution function with the load dﬁrqtion curve, This is-
done by 'roEating the axes of the 1load duration curve and.
normalizing-th time period so that the vertical axis?gifes
the percent of time thﬁx'the demand level is eiéeeded. The

resulting 1lecad ‘probability distribution 1s as shown in

Figure 8. For example, there is a probability of\1.0 that

" the load will be greater than the minimum load at any given‘

time, or equivalently the minimum load is exceeded 100

percent of the time. Further, there is a probability of zero

that the load will be greater ghén the mafimum_ load at any

'givep tine.

<

ta

The customer demand,'Dc is a\5andom variable and £ (L)

H

is its probability density function. By definition:

fo(Lg) dL = Probalbility[LcS D, S L+ i:lLé] (3.15)

Thus the cumulative probability distribution function is:

- Go (L) = Probability [D, < L_] = [ £.,(6) do (3.16)
: 0

The reverse cﬁmuiatiﬁe probability distribution function is:
t - . ) i
=1 - = ‘ > =
FoL) =1 - Go(L) = Prob’[D, 2L ] £c(0) do (3.17)

Lc\
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|3, 3.2 gemgrating Uoit Bodel

Because the reliabili;y of a powver systen dependslon
the reliability of its generatibn systenm, which often
consists-of many different types of generating units that
are randomly forced off-line by technical problems, a method
to model the random availability of a generating unit must

be developed.

To account for the random outage of ;a#ailability of a
generating unit, it is mnecessary ¢+o determine the
probability density function that describes the‘propabilify
tﬁat a unit ﬁill be forced off-1line or‘vili 'be available
during its normal period of operation. For example, assune
on the basis of historical data, that .the availability of

the generating capacity 1s a Bun-Fdil—Repair;Run cycle as

shown in Figure 9. -
Up Time
Uup
. m; ' m,
Failure Y A Repair
Fy . fq
DOWN]-------um-- - 2
Down Time

TIME e

Figure 9: Run-Fail-Repaif—Fun Cycle for a Generating Unit
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‘The systen alternates between an operating state, or UP
state, followed by a falled étate; or DOWN state, in vhich
repair is effected., ‘

For the i-th cycle let

-

m

i UP tine

"DOWN tine

Ty
The random wunit history may be represented in terms of an

average UP time and an.averagé DOWN time as follows:

N
’ . 1
mean UP time = — H
_ — 2. "y

m -
11= 1 N
r = mean DOWN time = N ry
: .oi=1
let ' . -
. . 1
A = unit failure rate = —
: . 1
# = unit repair vrate = —

This gonveys the idea that random failure and repéir of
a unit+ caS\Pe defined %as a tvwo-state stochastic process,
uhére a stochastic process is defined as a process éhat
develops in time in a manner ' controlled by probabilistic
law, The so called generati@g unit state-space diagram for
the stochastic process, showm in F%gure 10, tell us that a

unit may be in UP state (state 1) and then randomly transfer

to the DOWN state (state 2) and vice versa.
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_ State 1 State 2

H

\
Fighre 10: Generating Unit State Space Diagram

ST

. , . : —_— )

| To'ob£iin‘ an expression for the long-term availablity
df the- gené;éting capacity of a 'unit, it is necessary to
recognize fhe.stochastic éroceSs that is being considered is
a zefoth order, &iscrete.state, continuous transition Markow
-ptocess. T£is'process ‘is characteristized by a lack of
memory: thé future of the process is completely defined by.
the immediate éuture. That is, the 'future! is independent
of the 'past'; A Markov process is described by a transition
probability function P(E,éli,tol vhich represents the
conditional -probability that nthe state of the system at
time t belong to the set E, given that at time t| tto < t)

the system is in state X. =~

Assume that: r
1. Changes of state are possible.

2. The probability of departure from a state depends

only on the current state and is independent of!time.

3. "The probability of nmore thaq one change of state

during a small interval t is negligible.



Let .

‘P, (t+at) = probability that the unit
in state 1 at time t+at,

P, (t+at) = probability of being +
in state 1 at time. t
and not leaving that
state during interval
At,

If the probability of a umit can

exponential distribution,;then

et =
,
= 1 - aar o+ AR
2
~ 1 - At
= probability of
where
aat = probability of
in time At.
Similarly,
-kt - X
e = probability of
~ 1 - uat
= probability of
where
MAt = probability of

in time .at.

will be

probability of being
in state 2 at time t

and moving to state 1

‘ during interval .at.

be described by an

probability of umit being available up to time t.

(3.18)

unit being available up to time At.

transferring from state 1 to state 2

unit being unavailable up to time t.

(3.19)

unit being unavailable in time At,

transferring from state 2 to state 1



Hence,

P (E+At) = Py (D) (1=1 4t} + P, (t)u At + 0(At)
Similarly,
P,(t+at) = Py (t) (1=pat)] ¢ BA(EIA AL+ 0(aE)
_" )

-

Upon rearranging these two equatians, we have

Pl (t+at) - Pl(t)

P, (c+AE) - Pz(t)

-APy(t) + pPy(t) + —9%%51
— | ‘
VP (E) - uPy(e) + 28

At

(3.20)

(3.21)

(3.22)

(3.23)

As At—-0, one obtains the system of differential equations

- dPq{t) _
—— -

1

The solution is

Pl(t)

P,(t)

I

- APy(t} + uPy(t)

A Pl(t) - UPZ(t)

simply

+ AE_(A+“)t
A+ A+q

A Ae—(k+u)t
A+ “Atu

- 56 =

63.24)

(3.25)

(3.26)

(3.27)



- A5 the long-teram (steady state) probability are of interest,

then by setting t- ™ one gets

TR (@) = g = p (3.28)
' A
Py(®) = s5— = q (3.29)

¥

which are the expression used to define the availability p

and forced outage g of a generating unit, '

A generating uait power output can be probabilistically
represented as a forced outage capacity densiéy function as
shown in Figure 11. Figure 11 gives the siamplist

probabilistic model of this form.

OUTAGE CAPACITY

Figure 11: FPorced Outage Probability Density Function of a
Generating Unit ‘
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The PDF of forced outage capacity may be expressed as:

£p(Lg) = pollg) + q 8L - ©) ' O (3.30)

vhere  s5(:) = dirac-delta function.
| P = availability of the unit.
q = forced outage rate of the unit.
C =lcapacity of the unit.

Often‘experienced failure of auxiliary components such
as uélves, reheaters, pumps, fans, boilers, bearing oil etc,
call for a wmore detailed model for the generatiamg unit.
This is accomplished with the multi-state model {17]. In the
derated state, a portion of the capacity may be out of
sérvice'randomly due to aforementioned reasons which reduced
the capacity of the unit, ‘A probability value is aséigned
to the existence of that capacity state. For planning
purposes, a two state representation wvould be sufficient.
3.3.3  Beliability model

The most widely used measures for estimatinq the
reliability of geﬂerétion systems is the loss of load
probability (LOLP), or, as it has more recently and perhaps
more correctly been tefmed,  the loss of ldad expectation.
The LOLP iniex provides a consistent and sensitive measure

of generation systems reliability. The 1LOLP, as used in



élanninq, "is not a prob&bilitj as such but a probabilistic
measuremnent 0fl£he expected number of days pér yeaf in uhicﬁ
the avaiiable caéaciﬁy‘ cannot meet the peak demand. Aéonq
ﬁtilities using tﬁe LOLP index for planning generation, a
commohly accepted valve 1is 0,1 days per year or one day in
ten. years, This means that sufficilent generation capacity
must be installed so that the expected number of loss of

load days in a given future year ¥ill be no more than 0. 1.

3.3.3.1 Equivalent Demand

In_the probabilistic model, the'equivalent demand on a
generating unit is defined to be the sum of the demand due
to customers plus the demand due toc the ‘random failures of
generating units alréady dispatched. Suppose it has bheen
detérmiﬁed that generating unit i will be loaded only after
' ﬁﬁ; first i-1 units have beeﬁ conmitted. Then the equivalent‘
demand on the i-th unit; Dg'is the sum of the two random

variables:

Déi)'=nc+ Dy | | ©(3.31)

where D, is the direct customer demand and DT i; +he demand
due "to forced outéges of the first 4i-1 units already
dispatched. From probability theory, the cumulative
distribution for the sﬁm of the two random variables 1is

given by:
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_.L E o
6P (L) =f f "¢, T(LC,L ) dL, dLe - - (3.32)

The function C‘I(LC'L ) 1is the Jjoint probabllity
density function of the customer demand, D¢, and the forced
outage demand of the first i-1 committed units, Dy

Since these two random variables are independent, this

implies that:

fo, p(Lgle) = £y £ (L) (3.33)

5 Using equation (3.33), equation 13.32) can be simplified to:

‘ Lo L,-L, . _
GE(-L)(LE) = f fT(Lt) f fC(LC) dLc C_ILE (3.34) |
) 0

0

-

From the definition of the cumulative distribution function -
for the customer demand given in equaiion (3.16) , eguation

{3.34) becones:

L . .
e
i — g ’ =) [y
6 L,) —[ £, (L) Go(LL) aL, (3.35)
0 A
= Prob [Load + Outage § ]
T ——

- £0 =



0-

.

3.3;3.2' Probnhility Distribution of the Pquivalent Demand

With the basic equation derived 1h ééction 3.3.3.1, the
prob;bil;stic analysis prgceeds in the follouiﬁq manhér;
Generating units are loadgd”starting at the 1left of the -
inverted load duration curve; ‘The ‘equiva}eqt demand on the
first loadel unit to be brought up is the entire custoﬁe; *
demand since there are no outages from previous uﬁits, sQ

o = b, - | (3.36)

where DéJL equivalent demand on the first unit.

D = customer demand.

Thus '
)y ' : T
Gy (Le) = Gg (Ly) : {3.37)
Since GE =1 - FE ]
.a)(Le) = Fo (L) . (3.38)

[

Bquation (3.38) gives the new equivalgnt demandmcdrve.

The equivalent demand on the second unit to be brought
up is the customer demand plus the demand due to the outages

of the first unit:

« D = D+ Dp, ' (3.39)



+

Thus the ‘probability distribution of the equivaleat demand

on thé Second unit is:

L :
e
(2) - : .
s 0 . ! I\

For the case in which in forced outage rate of the
”first unit is a discrete random vé;iable, the integral over
the probability density function fFi(Lf),-can be replaced by

the sum over the probability mass function., That is:

-Gég'(Le) = ﬁl 6e (Lg) + q; Gg (Lg- C4) ' (3.41)

- =
since Py T 9 < 1 and Gp= 1+ Fg

72 (Le) = b, Fg (L) *+ ay Fg (em ;) (3.42)

but

(1) '
g (o) = e (o)

F

we get a recursive relationship:

Féz)(Le) = pi FEl)(Le) +q

(1)
L FE (Tem ;) | (3.43)

Fiqure 1i//fllustrates graphically how this convolution is

performed,
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DEMAND . Peak

Fiqure 12a: Loading of a generatlng unit .of .capacity Cl MR
with probability p,.
Expected capacity (shaded ared)\ Cl MW,

PROB

Peak + C,

i

| LI | ! 1

. DEMAND Lo Peak
 Pigure 12b: 'If the first umit fails, the second units sees

the original customer curve.. The event has a
‘Probabllity of q, {= 1fpl). ) :

4

PROB

I 1 i 1
o BEMAND . Peak”
Figure 12c: If the first unit opérates the second unit does.

not see the first C; MW of customer demand. Thi
event has.a probability of P

-

Fh
o
o
-]
=
+
[x]
-

H

QI
[yr)

// A
DEMAND - Peak

Figure 12d4: The equivalent demand curve for the second unit
is the sum of the two curves veighted by their"
“ respectiye probabilities.

¢

Figure -12: Graphical Illustration of COﬁﬁzlution

' - 63 -

<!



0

Thus by performing .succegsive‘ convolution, = the

equivalent demand on the i-th unit due to forced outages of

the first 1-'1 committed units and the customer demand is

given by:

L]

(1) . Coti-l) o TS |
Fem (L) = py_y Fg (L) +‘qi_1- Fp (Lg~ Cip) (3.44)
The distribution of the ‘equivalent demand is central to-
the probabilistic model. 4s will be shown below, the loss of
L3 2! .
load probability can be computed from it, as can the

-

expected energy generated by each unit,

3.3.3.3 Loss of Load Probablility ;> ‘

After the last unit has been loaded, the final curve s
the equivaient demand: curve for the entire system. Since

the Joss of load probability is defined to be the percent of

“ time -that the customer peak demand cannnt be met, its value

can be read directly from the fipral curve. . . This |is
illustrated graphically in Fiéure/ 13, The loss of 1load

probability is given by: .

{n}

LOLP = Fg ' (IC) , - (3-4§)
where n ' = number of generating units, .
IC =

total installed capacity of ‘the system.

o e
n . . N :
2 C B

i=l * '7 . AN

4
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- PL IlC

6;7 ) PL + IC
DEMAND Lg -

"Figure 13: Final Equivalent Demand Curve

—

3.3.4  produgtion Costimg Nodel

As have been dicusged earlier, the costs are ﬁsed_as
the major criteria?ﬁfor selé>ting the optimal expansion
-schedule. Therefore it 52/ essential, for system cost
‘ stﬁéi;s, to have for a particular' expdhsion plan thé
expec@gd valué of the energy produced by each unit, as well

as associated produCtidn costs. . Production costs génerally

include both fuel and operation and maintenance costs (OEH)..

-
M

In order t5 achieve minimum operating costs, generating
units must be d10aded in the order of ascending inéremental
fuel costs, This particular order will be referred to as the
ﬁerit ordgr of 1oading;

-
) -

_(--."‘-65-



.3.3.8.1 Berit order of loadiag - /

In committing generating units to -achieve the smallest
4

production costs, the ecomnonmic strategyl is to first ‘comnmit
- least éxﬁensive units. The écononics of '£hese units are
governed by performance parameters such as.the heat rate and
the price of fuel used by the units.‘: Génerating units are
segmented into éeveral‘capaciti bloéks because it is rarely

economical to conmit one unit completely before calling on

another. . ) .

The reason for segmented comaeitments is the basic shape
of the heat rate curves; <a'typical heat rate curve is shown

in Filgure 14,

MBtu/MWh

Segment 1

Segment 2

Segment 3

b e m e ——
I,

M W

Figure 14: Typical Heat Rate Curve
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Clearly, on this curve,l_the secénd segment corresponds-to
higher efficiency, since fewer Btus are required for each
MWh of energy éroduced. From this‘basic heat rate curve, the
input/output, I/0, curve can be obtained by multipi}inq
every y-axis value'by its corresponding x=-axis Ealue. a

typical I/0 curve is depicted in Figure 15,

MBtu/ h

MW ]

Figure 15: Typical Imput/Output Curve'

Finally, differentiating the I, 0 curve, one obtains the
incremental heat rate, IHR, curve in Figure 16,

Thus:

_d(1/o) '
IR = —oo— \ (3.46)

vhere THR

incremental heat rate.

d(I1/0)
13

1

diffe;entiai of the input/ouﬁput curve with

respect to the power output.

- §7 =
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MBtu/MWh

MW

[

Figure 162 Typical Increméntal Heat Rate Curve

In a speclal case vhere the heat rate curve is assumed

constant, the incremental heat rate equals the heat rate,
N _ D

b

" that is:

‘IR = HR , (3.47)

Cnce the incremental heat rate is obtained, the

incremental fuel cost, IFC, can be calculated by:
r

Heat Value

where IFC = incremental fuel cost in $/MWh.

,Once the incremental fuel cost for each unit - is obtained,’
the loading order can be determineﬁ by placing the unit ;ith
the sma}lest incremental fuel cost first in the loadinq
order, followed by units with inéreasing incremental fuel
. cost. o . 4 ' ®



o

_’_\—/

1

In the multi-block representations of a unit, the unit

' is segmented into several capacity blocks and each block is

comnitted separately [17]. Each block ﬁay'have a different

incremental fuel cost. A loading order of coamitment of the

block 1is prepated in the ascending order of their

-incremental.fuelkéost. At the same time, it should never be

overlooked that the upper block of a unit cannot be

committed be fore its lover blocks have been committed. Two

consecutive blocks of a uanit may not occupy’ adjacent

positions in the loading order.

»
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3.3.8.2 Expected Bnergy Generated by a Unit

Thé'calculation of the expected energy generated bf a
unit proceed# in much thé same way as the ﬁrocedurg outlined
in Sectiop 3.3:3.2. Generating units are loaded starting at
the left of the equivalent demand curve, fhe ejuivalent
demand on the first committed wunit is the entire customer

demand, ‘ ‘ N

It has been shown by Booth {16] and others that thg
expected energy generéted by a unit is the area the unit
occupies under the equivalent demand curve. The ver;ical
axis of the equivalent curve gives the probability thah a
unit operates at that capacity at any givem time. Taking tle
integral over the capacity gives the eipectation of the
operating capacity for the unit at any given tinme. Thé

- expected capacity for the first unit is therefore:

1
K =f F(Lg) dLg (3.49)
0 - ‘
Using equation (4338). equation (3,49} becomes:

- “U )
Ky =f Fg ' (Lg) dL, (3.50)
) |

where C; = capacity of the first unit,
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Ky - 1s the expected capacity. required to meg} the
equivalent demand, without considering the availability of
the ﬁn;t. The total expectéd energy for the first unit,

taking oﬁtages into account, is:

E; = p;-T- K4 7 (3.51)
| N
where P, = avallablity of unit 1,
T = total length of the time period,

Figure 12 illustrates graphically how this expected energy

is . obtained.

The equivalent demand of the second unit to be
coamitted is the customer demand plus thel demand due to
outages of the first)\ unit, } Becéuse of the way 'the
‘equivalént lecad is defiwéd, the loadiﬁg point of the éecond
unit on the equivalent 1locad duration curve is the same
vhether or not the first unit fails, If the first unit
fails, it creates a demand, C;, so the Second unit is leoaded
when the equivalent demand is C;. If the first uni} does not
fail, there is no demand due to outage. The first unit
supplies the demand ﬁntil the demand exceeds C,r at which
point the second unit is loaded.. This 1is illustrated
graphically in Figure 12, The expected operating c@pacity of

the second unit is therefore:

| CitC2 |
Koy =f FE( ) (Ly) dLg _ (3.52)

Cy
-7 -
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vhere C, = capacity of the second unit.

-
1}

2 expected running capacity of the second.unit.

e

Hence the expected energy generated by the second unit is:

EZ = pz'T' Kz . . (3-53)

vhere P,

,\

Continuing in this way, it can be shown that for the i-th

availabiity of unit 2. - '

L]
I

total length of the time period.

uﬁit: . .
i .
C. . L
J _
j=lz “ ) .
. (1), - :
K, = Fg _(Le) dL, g (3.54)
i-1
;:.cj )
and i=1
=5 .T- 3.55
E; = pyT- Ky ‘ ( )

The total cost of energy gemerated by unit i is given by:

Eci = E;- IFCy {3.56)

vhere EC; = enmergy cost of unit i.
E; = expected energy generated by unit 1i.

IFCi‘ average incremental fuel cost of unit 1.

The production costs for upnit i is therefore:



PC, = EC; + OM; - (3.57)

vhere PCi - production costs of unit i,

OM;, = operation and. maintenance cost of unit i.

, &
3.3.4.3 Hydro Electric Plants

The inclusion  of reservoir hydro-electric power

complicates the | problem af finding the niaimum cost

_operating plan in probabilistic simulation. The marginal

cost of hydfo-electric energy Iis essentially .zer», since
there are only cperation and maintainencef(osu) cost:and no
fuel costs. Tpis‘implies_that hydro planté should bhe loaded
first in the merit ‘order, However, jthe total amount - of
energy available is 1limited by the river flows an¥ the
reservoir sizé. Usually, the total enerqy availaéie isrnot
sufficient to run the hydro dnit 100 percent of the time at
full capacity. Therefore, it is necessary to find the
loading point fqr the hydro eléctric unit such that, run at
full capacity, the hydro energy iSvexactly equal to the area
under the equivalent denand curve. |

Consider @ .ﬁydro-eledtric unit  with capacity C,,
available enérgy E, and finite outages whose trial-foading
order positfpﬁ' is adjacent 'and;ta the 1left of the demand

. _ ;
energy unit of capacity C4 8as shovn in Pigure 17.
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S \\ E a' YN
- \\ -
En, T By \
—p— Ch —t Cd —r-q
vhere Ej + = energy delivered by the hydro unit.
Egq ='enerqy delivered by the demand energy umit.’
Fg}Le) = ‘equivalent demand for the hydro unit. |
+1
Fg ({e’ = convolution of f£,(Ly) + FS}LE).
ég+{{e} = convolution of f(L,) + érf?Le).

r

Figure 17: Graphical Illustration of Loading of Hydro Unit
o

For each trial loading order positiom, the delivered
energy, Ep, of the hydro‘unit can be tested againét the
eneﬁgy'assigned for the hydro unit, Eh;k Tf the value of Ehl
is greater tham E, the hydro unit cannot be loaded iﬁ-this
position, This testing proéess is,cqnt;nue until’ the hydro
energy delivered ‘is leéé than the energy assigned. This
impligs th;t the previously loaded unit should be backed oif
to allb>w the hydro unit to discharge 'all, its energy.
furthe;more, the :equivalent demand cucve PS+QLé) is
unchgzged by reversiQg the loading order position of C, and
Cqr this implies that the sus of the energy delivered by
both €, and C, is constant;. ;egardleés of their Prder.

dy

9.
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Hence the expected energy’ delivered bé' the demand energy

unit preceeding the hydro is given by:
]

In most generation planning'models;‘ the hydrd'capacity

is further divided into tvo types of hydro capacity;  the

"base or run-of-the-river 'capacity and the peaking capacity.

The base hydro gapacity is first utilized in the base

_por+ion of the ELDC, Then the energy generated by the base

hydro capacity is substracted from the total -hydro energy. -

A . : ¥ - ‘
The remaining peaking energy is then dispatched according to

" the procedure described earlier.

.If there is nmore than one reservoir hydro plant, the

individual hydro electric plants ére combined into a single

pseudo unit whose capacity is equal to the sum of the hydro

capacities,. For planning purposes, it was not ﬁecesséry_to
~ _

simulatg{%all hydro  units in detail,  howvever, a full

' . ) b\\ '

probabilistic treatﬁent for nmultiple hydro units can be

. . . M o
considered if desired.?, . .

1
- \ .

1 s, Chgﬁ,' '."A Discussion on the . Techniques to
Probabjlistically Simulate the Operation of Single and
M#ltiple. Fnerqy- Limited Genergting Units," A Personal
Communication o Qr. K.F. Scth
April, 1981 ' -

)
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3e3.5 _Qnslzlzaxlen_gedel

-
»

Using the nodels developed in the previous sections,
the rellablllty and production costs of Various alternative
expansion plans can be evaluated. A optimiiation model is
then tsed to find the "hest" expansion policy for the pouer
systens, The "best" polioylis 1nterpreted to mean that
policy which results in a.system of desire& reliahility with
painimum discounteé cash flov expendituresi over the studf

period. A dynamic progranminq {DP) algorithm [38] is used

‘to calculate the best expansion pollcy.

- . - -

To formulate She dynamic programning problem,_*he study
period is dl?lded into a number of subdivisions or "stages"
Each stage is assumed toO correspondlng te a year. Between

stages a -decision must be made as to vhether a particularj

type of unit should be added to the systen, and this

decision must be made for each expansion candidates. Let the

vector D (t) reptesents the decision made between stage t=1
and stage t. Any - decision to add units will .change the
conflquration of. the qenerating units in the pover systen
or, ‘expressing it in another vay, will change the state of
the pouer system at staqe t, let the vectot X(t) represents
the, state of the powez'system at stage t., The value of  the
state variable in stage + 15 a function bf the state

variable in stages t-1 and *:

q’



-

CX(e) = X(t-1) + D{(t) (3.59)

Fquation (3.59) may be applied successively to give:

N :
X(t) = X(0) + Z D(j) (3.60)

- j=l
where X(0) = lpnitlal state or configuration of the power

systen,
Equation (3.60{ simply says that the state of the system in
stage £ is equal to.the initial state of the system plus the
sum of all the decisions. made pfio; to staqe.t;

The effects of the various decisibns must be evaluated
in order o determine whether one decision is better than
another, This is accomplished by de?ining a performance
criterion or an objective function. Tge objective function
in this case.-is defived as theiéresent-uorth discounted
summation of the capital costé, ﬁroduction costs, and
salvage value., 'Obviously, ’ the value of the objective
funcéion at a particular state in stage-t is a function of

the decision made prior to stage t. Hence:

L

L(X) = Z :(Cj,(X) +04((X)}, (3.61)
= _ :
where L{X) = value of the objective function for réaching

state X in stage t.
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Cj(x) present vorth of capital costs associated
with the decisions between stage j=1 and
stage j, corrécted for salvage value at end

of study.

OE(X) present worth of production costs in stage j

for the state associated vitg the decision
prior to stage j.
Any nueber of possible.sets of decision could lead from
state k(O) to state X(%t), end it is necessary to find the
particular set that wiIl ninimize the value of the objective
function for reaching state X(t) at stage t. The set that

results in the minumum value of the total objective function

is selected as the basis for system expansion.

3.4 f*rou;_lnpnc*r RODEL

Q jT fe third and the final stage of the three stage model
is the calculation of the long-tern implications‘of electric
Spaee heating., This calculetion is performed by comparlng
the system demand, installed generation requlrements, fuel
consumption and total nutility system costs of the electric
heating case with that of the reference case, From theee
comparisons the impact of electric space heatihg may be

evaluated and assessed,



3.8.1 System DPemand

Cne w5y~of examining the effects of glectric space
heating is to iuQestiqate | the 'chapqes in electricity
demanded. By locking at -the incremental electricity Qemand
of heating versus the reference power system demand for that
same perilod, effects of adding this increment can be

observed.

3.&.1.1 Load Pactor

The electric power utilities have been <concerned with

——
3

the effect of increased utilizaticn of electricity for space
heatiné on their 1load factor. This comes about becausé
electric space heating necessarily entails some demand for
electric space heating during periods of heavy load Mand
system peak. XNot only does this burden the utility's load,
resﬁlting in the deterioration of the system load factors,
but it also may waste primary energy sources by
necessitating the use of Ligh coét peaking units. It is
therefoje important to investigate how’ the.load factor will
change \as a result of increésed penetration level of

electric Zpace heating.



3.8.2 Installed Capacity Requirements

v

In order to get a reaiistic id?a of the impact of
electric space heating on the electric uvtilities, generation
expénsion case .thaf include- electric séace heating effect
nust bé run and compared with the reference case. From.
these compariéions, the additional installed capacity
reqﬁirements.for electric space 3eat1ng may be evaluated.
Decisions could be made on whaﬁ type of génerating units to
install to meet the additional demand for electric space

,heatind.

3.4.3  Fuel Comsumption

One of the major concern that electric power utilities
have is the increased primary fuel requirements as a result
of increased utilization of -residential electric space
heating, This is because electric space heating is an
inefficient way of using oﬁr resources. ‘This comes about
becau%e two thirds of the energy input to electric energy
generation is 1lost in low-grade waste heat. On the other
hand, increased utilization of eiectric space heating wéuld
incfease the possibility of substituting nuclear and coal
" fuels for the more limited oil and natural gas fuels. This
‘condition exists becauge as more nuclear and coal generation
are installed to meet the load requirements,-some other more

expensive oil and gas generating units will generate less



enerqgy and as such fuel is saved. What value this savings
in fuel has to the utility can be evaluated in terms of the

amount of fuel displaced.

The yearly fuel consumption for electrical Jeneration
can be obtained directly from the energy cost of the
generation units.

Let

EC

i

energy cost of the generating unit.

EQV = enerqgy equivalent cf the fuel used.

FC

fuel cost of the generating unit per unit energy.

»

then the fuel used is:

EC

__EC _ (3.62)
EQV - FC

In calculating the amount of cil and gas fuel not
consumed by residential furnaces as a result of electric
space heating, the energy difference between the two load -

duration curves were used as follows:

Epirr = ELpc (EHC) = Eppc (BC) . (3.63)

vhere

energy under the 1DC with electric heat.

.

Ey, pc(EHC)

E1pc(BC) energy under the LDPC for the base case.



then the oil and gas fuel not consumed by residential

furnaces are calculated as follows:

REL * E p1py
EQV "

Fuel not consumed = (3.64)

f » ‘ B
relative -percentage of fuel utilization.

uhe;e REL

EQV Abnergy'equivalent of fuel.

i

efficiency of furnace,

- ‘. E'B
The relative percentage of fuel utilization assumed [2u]

was:

0il . 54 %

cas 46 %

The efficiency:.,of the residential heating furnaces vwas
. -

v
assumed as:

0il furnace 60 %

3 Gas furnace BO %

The energy equivalent assumed was:

Nuclear 135.20x10% kcal/kgs
Coal ' 5.97x106 kcal/ton
0il 1. 57x10% kcal/bbls
Gas (barrel of oil eq.) 1;u6x106 kcal/bbls
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3.4.8  pPinancial Regquiremepts

Financial -requirements‘ are defined ;as the revenues
uhich rust be obtained . in 'order to cover all expenses
'incurred. These expenses are defined as the sum of the
appropriate capital and opetafing expenditures. All
expenditures are present;worthed values and may be escalated
as time progresses, for capital and operating expenditures,
the escalation dné present—worfh~$actors may be combined

into a single factor:

n v
py ={ 21 , , (3.65)
AL+ i | ? : |
-where PY = combined present=worth and escalation factor
\\\*d' ' for capital and operating expenditure.

m = escalation rate.

i = present worth discount rate,

n = numher of years.

Therefore the total expenditure for year n is:

C = PV x (CP + OP)

capital expenditure for year a.

I

vhe;e CP

‘0P = operating expenditure for year n.

) \/‘\/

/W



Chapter IV

NURERICAL EVALUATIONS AND RESULTS
J
. 8.1  INTRODUCTION - A
The methodologies described in the preﬁious chapter
wvere applied to the New Brunswick electric pbver system to
evaluate the impact of electric space heating. The results
of these.evaluations are described and analysed at each of
the three stages. Likely reasons why such results vere
obtained are discussed.
Sensitivity analysis on the base case were carried 6ut
to investigate the effects of cﬁanges in construction costs,
discount rates, fuel cost escalation rates and the load

grdvth rate will have on the stability of the optimun

solution.

8,2 EVALUATION_OF ELECTRIC HEATING REQUIREMENTS

In evaluating the requirements of electric space
heating for residential dwellings, the procedure that was
follcwed wasAﬁivided into the following steps:
step 1 : Evaluation of  the overall heat transfer

coefficient of the housing stock.

‘.’—8“--



Step_2 : Evaluation of the incremental demand for electric
heating.
Step 3 : Evaluaticn of the total system demand for electric

heating.

Eactk of these steps will be considered in turn.

'4.2.1 Evalyation of the Overall Heat Tramsfer Coefficient

) The overaliAheat transfer coefficients_ of each type of
dvelling were calculated using the electric space heating
load <calculation program (refer to Aﬁpendix ¢ for +the
listing of tke progran). The wproposed thermal resistances of

the housing stock in New Brumswick were tabulated in

Table 5.

The depth of the basement wall below grade is 1.83 m

and tke number of air changes per hour is 0.5.

The resul*s are tabulated in Table 6 for the four
dwelling types and for the different structural components
of the dwelling. Table 7 presents a summary of these heat

transfer coefficients.

Noticg how more eﬁergy efficient row houses and
apartments are as compared %o single-detacﬁe& J&Hd semi-
detached dwellings. This clearly points out that an increase
use of row house, or multi-family dwellings, are to bhe

preferred for the effective utilization of resources.
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TABLE 5

Thermal Resistance of the Housing-StocE in New Brunswick

Component

Thermal Resistance (m2 °C/W)

Ceiling

Wocd rafter

Insulation

Ceiling not includiog the
rafter

Exterior wWall

Wood stud
Insulation
Wall section not including
the rafter

Basement Slab

Based on a slab width of 8.5m

Basement Wall Above Grade

Basement wall plus inside and
outside surface
Basement insulation

Doors
45 mm of solid wood door

Windows

with double glazing

Q W —
[ 3 8
o —a

.
R o ]
~J

0.30
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%.2.2  Evaluation of the Incremestal Demand

-‘The ﬁour-by-hour on demard requirements for ‘electfié
heatiné for each dielling type are calculated using the
electric space heating load calculation program (refer to
Appendix C), The input to the program are the records of
‘hourly temperature as well as solar radiation data on a
hﬁrizou£al surface, These weather data are obtained from
Fnvironment Canada [30)]. The other input to the progran are
‘the thermal and structural characteristicds of the'dwélling
type. The heating season is assumed to start cn October 15
and to end on April 30. The‘indobr ttermostat ig assumed to

be set atH22°C throughout the day.

The results of the calculations are tabulated in
Table 8, Table 8 gives fhe maximum demﬁnd réquiremengs for
electric space heating for the different dwellings, on 3
monthly basis, and fér the minimum outside temperature.

Again, "the energy efficiency of the row house or apartment

is evident.
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4.2.3 Evaluation o:ﬁ;hg :g;g: system Dgnggg

With the assumption that 60% of the _new hgggigg;ggggg

vill be'eleétricallyuheated [S,H}, 21, 32, 33]‘and vith the
‘assumed proportions of the four dvelling types (as described
in Chapter IIT), “the total system demand for electric
heating were obtained Sy using the electric ‘load data
processing program (refgr to Appendix C for the listing of
the prégram).l Input §o.this program consist of the historic
hourly loads, the forecast of the numbher ‘of electrically
heated déellings and the hourly inc¢remental electric space:
‘heating demand. ; From the hourly; loaﬁ description for each
d;y of the study period, typicgl hbquy loads for\ a week
(168 hours) as shown in Figures 18 to 21 are obtained for

the base case and for the assumed pepetration of electric
space heating. Typical load duration curves for the same
period are alsﬁ shown in Figures 22 to 25, Because of space

limitation, only these typical hourly load and load duration

,curves are given,

An hour-by-hour éxamination of Pigqures 18 to 21 would
indicate that the maximum incremental demand for electric.
heating occurs from 1 a.m. to. 3 a.m., when +the ambient
'Iteﬁperature ié the minumum, This clearly indic;tes thaththe
weather conditicnlhas the nmost prominent effect on the

demand for electric heating.
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‘4,3 DETBRAINATION OF QPTINAL GENERATION EXPANSIQH BLAN

Computer runs were mrade to determine the optimal plan'
for expansion of the electricity. generation systes in New
Brunswick for the base case and for the. electric heating'

case.

The New Brunswick system 4is a winter peaking systeam -
vhich has a base capacity of 2141 ¥ and a peak demand of
"1615.3 MW. The percentage mix at the base year (1981) is:
Nuclear 0%, Coal 12.2%, /0il 87.7%, Gas 1.1% and Hydro 39.3%.
The‘study period 1981=-2010 is divided 4into twvwo parts? a
fixed part- comprised of +the installed units, the firmly
committed units as well as retirements, A variable éart in
which the mix. of generation is chosen fron specifiéd

expansion candidatgs. The candidates for expansion are:

o

Name . Type Capacity (MW)
' N300 - Nuclear 300%

N4 00 Nuclear ' 4Q0*

c200 Coal 200

C300 Ceal 300

C4 00 Coal 400

AY -1 Hydro : 320

HY=-2 . Hydro . 140

HY =3 . Hydro .. & 160

+ The nuclear candidates are in reality units of 600 MW and
890 MW of capacity. These nuclear units are to be used
for participation sale to the US. Hence only half of the
uni+ts' capacities are available to N. B. Power. ‘
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The 1L1OLP cons£:aint is fixed at LOLP = 0,00027 which
corresponds to 0.1 days/year assuming 365 days/year.
Additional data loaded into the generatidg,expansion program

(¢#ASP) vere given in Appendix B.

" It should be pointed out thap the soluti;n'dbtainéd can
only be considered as "near optimum®", for the real optimum
is unobtainable in practice owing to limitations of manpover
and time available for the study, and to ‘the fact that
approximatisns are involved in the 'generation planning

program mathematical models,
4

v

It should be understood that thte results ﬁresénted here
were obtained on the basis of minimum total present-worth
cost, without reference tonractical considerations such as’

lihether the required financing and manppower could actually

be made avaiiahle.

C4.3.1 Besults of the Base Case

Details of the optinpunm expanéion schedule are shqwn in
Table é. Notice that no nuclear additions are required until
1996. A 400 MW nuclear upit is added in 1996. The first and
second 300 MW nuclear units are scheduled for 2001 and 2003
respectively., Thre firs% ccal-fired énit of 400 Mu cabacity
is added in 2006. The second coal-fired unit of 300 MW
capacity is scheduled for 2609. The two gas turblmnes, used

-

mainly for peaking and fine +tuning to maintain the
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reliability criterion are botﬁ installed in 2010. VNotice
- also that al; the available ﬁydro prpjects are lnstalled.
The final solution calls for a generati&% ‘nix of 29.6il
(1630 W) nuclear, 23.3% (1280 M¥) coal, 18.3% (1005 Mw)’
oil, 2.2% (123 K¥) gas turbine and 26.6% (1462 MW} of hydro;
with a combined cépacity of 5500 MW. - Up to thé year 2010,

the ‘total additions are as follows:

Plant Type Sets Capaclty per set (MW)
© Nuclear T2 300

Nuc lear 1 ugo

Coal -1 300

Coal 1 . 400

Gas turbine 2 . 50

Hyd ro 1 320

Hydro 1 140

Ayd ro 1 160

The total expenditure for the expansioa plan, in terms
of 1981 dollars, is $9,434,3 mnillicn, of which $2,882.7
million or 30.6% relates to construction costs and $6,551.6

million or 69.4% relates to operating costs.

4.3.2 Besults_of_the Electric Heating Case

Details of the optimum exparnsicn schedule <£for the
electric heating case are given'im Table 10. VNotice that
the number of nuclear unlts installed has increased fronm
three to five, The first nuclear unit is scheduléd for
1993; three years earlier than the first base case nuclear

unit., The two gas “urbines, instead of hoth units installed

kY
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"in 2010 as in the base case, - are scheduled for 1992 and
2003. Notice again‘ that all availaple hydro - projects are
installéd. Notice also that -only one. coal-fifed unit of
400 MW capacity is installed, The final Eolutioq calls for 5
géneration mix‘of u2;2%--(2630 MW) nuclear,_‘TS.Bi (980 uW)
coal, 16.2% (1005 M4) oil, 2% (123 MW) gas turbine_and 23.6%
(1462 MW) of hydro; #trongly in favor of nuglgar expansion.
The installed capacity in the year 2010 is 6200 Nd; 700 MW
greater; than for the base casé, The total additions up to

the year-2010 is as follows: _ Coro

Plant Type Sets Capacity per set (MW)
Nuclear S 400

Coal -1 400

Gas turbine o2 50. N
Hyd ro I I 320

Rydro 1 140

Hydro 1 160

Theatotal expenditure for this expansion plan, in terms
of 1981 dollars, is $10,572.6 million, of which $4,385.3
million or 41,5% relates to construction costs and 56,187.3
million or 58.5% relates to operating costs. The increase

in total expenditure over the base case is $1,138,30

million,

. - 103 =
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9.3.3  Sengitivity Studles

To inéestigate the 4influence of the va:iation‘ of
several paraneters on the opfimum soluti&n, a'séries of
sensitivity studies vere made. The paranetefs varied are (i)
construction costs, (ii) discount rates, (iii) fuel cost
eécalétion rates, and (iv) the léad growth rate.

'In designing cases for the sensitivity studies,
parameters are varied so that the tendency would be to
disfavor nuclear expansion. This is . done for the fellowing
reasons. The base case called for expansion by three nuclear
units, It is.obvions that, since the hase case already
‘sfrongly favors nuclear .expansipn, any changes in the
parameters that favors nuclear expansion'more strongly will
not result in a substantial Change from the results of the
base case, although‘some minor changes iﬁ-the expansion plan
may occur. It is, hoiever, interesting to see if any other
types of .generating units are adopted‘when parameters are
changed to the direction of disfavoring nuclear expansion,

¥

The following cases will be considered:
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Case ' - pescription
S1w ‘uHighef construction césts for nuclear uqits,
s2 Higher discount rate:n
.S3 " Higher fuel cost escalation rate for nuclear
" units. :
sS4 Higher peak load growth rate..
S5 Lower peak load growth rate,

8.3.3.1 Sensitivity to Higher Comstruction Cost for
Nuclear Units

mo +sest for changes inm the construction cost for

puclear units, the relevant cost figure was raised by 10% as

follows:
Plant Construction Cost ($/kW)
~ Base Case 10% increase -
N300 116.7 ©1558.4
N400 1328.1 1460.9

Consegquently, the number of nuclear units decreased
from three ﬁoituo, while the number of coal-fired units
increased from two to three. The 300 MW nuclear unit added
in 2003 in the base case 1is replaced by a 300 W coal-fired
unit in the same year., The uob'nw coal-fired unit scheduled
for 2006 in the base case 1s delayed one year, " while the
160 MW hydro unit scheduled fof 2007 in the base case is

installed one year earlier, The installation date for the

first nuclear unit remained 1996.
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The results are sumparized in Table 11._ The optimal.
solution for this 'case calls for a genefatiog nix of 24,.2%
(1330 M¥) - nuclear, 28.7% (1580 HW) coal, 18.3% (1005 M)
oil, 2.2% (123 N¥) gas turbine and 26.6% (1462 NW) of hydro:

"with a combined capacity of 5500 MW.

8.3.3.2, Sensitivity to Bighker Discount Rate

To test for tﬁe effect of hiéhé; discount fate on the
optimum solution, the discount rate is increased from 13% to
16%.  The results was summafized in Table 12. The final mix
of generation'.consists of 29.6% (1630 MW)' 'nuclear, 23.3%
(128C MW) coal, 18.3% {1005 MW) oil,  2.2% (123 M§) gas
turbine and 26.€% (1462 MW) of hydro; which is identical to
the base case.‘ The difference between the two expansion
pPlans is that the 400 M¥ coal-fired unit scheduled for 2006
in Fhé base case 1s now délayed one vyear, while the 160 MW
h}dro unit scheduled for 5007 in the base case is installed
one yéar "earlier., This small difference between the two
expansion plans indicates that the. soyution is quite stable

to the changes in discount rate.

One would normally expect that if the cost of'ﬁopey
increases, the nuclear units, with their higher capital
cost, will become less competitive. This is apparently not
the case for the New Bruaswick system, indicating that the

system is strongly in favor of nuclear expansion.
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4,3.3.3 Sensitivity to Higher Puel Cost Escalation Rate
i : for Nuclear Units

" In this case, the fuel cost escalation rTate for nu&ieér
units 1is increased from 10% to 12% to disfavor nuclear
generation. Since only the escalation rate of nuclear fuel
is Varied‘ without changing the. basic cost value, the
disadvantage ’to nuclear power grows stronger as tine
progresses, The results for this case véré summarized in

vable. 13, Notice that this change in nuclear fuel escalation

rate from 10% to 12% causes a major shift towards coal-fired

expansisa. The 300 MW nuclear units scheduled for 2001 and

2003 in the base case are nowv reblaced by the 300 MW coal-
fired units in the respective year. The final mix of
generation consists of 18.7% (1030 MW) nuclear, 3y, 2%

(1880 W) coal, 18.3% (1005 MW)  oil, 2.2% (123 M¥) gqas

turbine and 26.6% (1462 MW) of Lydro. The sensitivity of

the expansion plan to fuel cost escalation rate emphasizes
the importance of accurate fuel costs prediction.

-

4.3.3.4 Sensitivity to Higher Peak Load Growth Rate

mo investigate the effect of higher peak. load growth
rate, the peak load growth rate is increased from its base
value by 0.5%. The optimal expansion ﬁlan for this case is
shown in Table 14. The amount of installed capacity required
in the year 2010 is 850 MW greater than for 1the base case;

indicating that the amount of additional capacity installed
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is very censitive to the higher peak lcad grovth. The final
solution - é%lls for a generation aix of 41.8% (2630 MW)
nuclear, 18.,6% (1180 MW¥) coal, 15.8% (1005 M¥) oil, 1.2%
(73 M¥) gas turbine and 2@.0% (1462 MW) of hydro. The cash
flow. in this dése'differs considerably from tﬂe base case.
The cash flow iﬁcreases ﬁy 16.2% from the base case. The

strong effect of higher peak load gqrowth rate emphasizes the

importance of load forecasting for system expansion

planning.

i

8.3.3.5 Sensitivity to Lover Peak Load Growth Rate

. Tﬂe peak Aload grouts rate is decreased from its base
value by 0.5% for this case. The regults were summarized as
shown in Table 15. The amount of installed capacity required
for tke year 2010 is 660 MW lower than for the basekcase.
only one nuclear ‘unit is installed; its installation date is
delayed by B yeérs until 2004, Three coal-fired units are
installed; one of 200 MW capacity:‘ the other of 300 MW
capacity, Only two hydro units are installed out of the
three available. mhe mix of gemneration consists of 21.3%
(1030 MW) nuclear, 28.5% (1380 MW) coal, 20.8% (1005 MW)
oil, 2.5% (123 MW) gas turbine and 26,9% (1302 MW of hydro.
Again, the cash flow differs considerably from the base
case, Cash flow decreases 10.1% when the .peak load growth
rate decreases 0.5%. Again, this strong effect of lower peak
load growth Trate on the optimum expansion plan emphasizes
the importance of load forecasting. |
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4.3.3.6 Comparison of the 7 Cases

2 comparison of\ the mix of generation, installed
capaclities and total expenditure of the 7 cases is given in

Table 1€,
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8.4 g%ig%géElIIQ!_QI_I!_BEE_!IAL_IQBLEI_Q!_ELEQIBIS

'?:Oq the results of ‘the d%timalh gengration exéansidn
plaﬁ fbr the base caée and for fhe electriq .heating'caSé,.
many'usefui'comparisoné can be made, From these compafisons;“
| the increﬁéntal'impact‘ of electric heating in teros of
syétemndemand generation capacity, priuary fuel consumptiOn

and financ1al requirement may be evaluated.

8.4.1 Impact op System Depand
. .

Table 17 desgribgs'. the' impact .of the assumed
' penetration of residentiai space heating on the peak load.
Clearly, as the npumber of electric heatiné duellings‘
increases, so do the peak lcad on the systenm. Notice that
the increase in the peak load in the year 2010 is 450 MW or
10.6% over the base case. . The results were further

summarized graphically as shown in Figure 26,

B.4.1.1 Load Pactors

The ldad factors for the base case and the electric
heating case vere summarized in Table 18 and graphically in
Plqure 27. The load factors for the base case were 64.15%

in 1981 and 65.65% in 2010, For the electric heating case,
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..
‘the load factors were 63.8% in 1981 and 62.63% in 2010,
‘ffNotice that pﬁly a élighf deterioration of _tﬂg sySteh'iodd
factor has bgéh effected, This is due to'the faét that the
'ﬁew Brunswick system ‘is already a winter peaking systen,
adding addition;i’iinter"loads wvill not significaﬁtly'cﬁanqé
. the load charaé@eristicé of the system,. - Howévé},A if a
‘summer 5ge$kiqg ‘system vere conéidered, a much. gfeater
deierioratiop of the systenm iohd factor could be expected.
‘Neverthgless, this deterioration of the system load facgbr'

is cne of the penalties associated with- the  increased

utilization_of electric space heating.
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‘TABLE 17

Summary of Peak Loads

k]

Peak Load °

. ‘ o (¥W)
Additional . ‘ -

. -Blectric . Base. :3lectric
Year . Dwellings Case Heat
1981 2815, 1615 1633
1982 5419 1684 - 1719
1983 7701 1755 1805
1984 9789 1813 1876
1985 11916 1881 1958
1986 14001 - 1949 © 2039
1987 15944 2021 2123
1988 17840 - 2095 2210
1989 19569 " 2174 2300
1990. 21329 224 . 2381
1991 23125 =2317 " 2466 .
1992 ‘264956 2393 2553 -
1993 26904 2472 2645
1994 28940 2558 2744
1995 31069 2648 2848
1996 33284 2740 2954
1997 35569 283¢ - 3065
1998 37915 2935 3179
1999 40275 3038 3297
12000 © 42727 3144 3419
2001 45195 3239 3530
2002 48324, 3336 3647
2003 51445 3436 3767
2004 54608 - 3539 3891
2005 57760 3645 4017
2006 60958 " 3755 4147
2007 63183 . 3867 4274
2008 65416 3983 4404
2009 67637 4103 4538
2010 69894 4226

4676
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TABLE 18

Sumpmary of Load Pactors

Load Factor
‘ (%)
Additional
- "Electric Base Electric
Year Dwellings . Case Heat
1981 2815 64,15 63.80
1982 5418 64,25 63.63
1983 7701 64,4y 63.60
1984 9789 64,79 63.75
1985 11916 64,87 €3.66
1986 14001 65.05 63.68
1987 < 15944 €5.18 63.67
1388 17840 65.27 63.65
1989 19569 €5.34 63.63
1990 21329 65,43 63.63
1991 23125 €5.51 63.62
1992 24956 65.59 63.61
1993 26904 €5,€5 €3.59
1994 28940 65.65 63.51
1995 31069 €5,65 63.44
1996 - 33284 65.65 63.37
1997 35569 €5,€5 63.30
1998 37915 €5.65 63.204
1999 40275 €65.€5 €3.18
2000 42727 65.65 63.12
2001 45195 €5.€65 63.35
2002 48324 65.65 62.97
2003 S1u445 €5.65 6£2.88
2004 54608 65,65 62.81
2005 57760 €5.65 62.74
2006 60958 65.65 62.68
2007 63183 €5.€5 62.66
2008 65416 65.65 62.64
2009 67637 €5.€5 62.63
2010 69894 65,65 62,63

/\ 122 -




LOAD FACTOR [%)

65.5

" 63.0 63.5 64.0 64.5

62.5

66.0

65.0

Electric Healing Cise

2010

1 1 ! ) - 1 ]
1985 ©® 1990 1995 2000 2008
YEARS
Period

Figure 27: Load Factors During Study
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s.u.2  Impact on Geperation Capacity .

. The thermal generating capacities by fuel type for the

' pase case and for the electric heating case are described in

Tables 19 and 20 respéctively. The results for the nuclear
and coal capaciﬁy additions aré depicted in qraphical form
in Fiqgures 28 and 29 resbectively. Note that the optimal
plan for the electric heating case requires more nuclear
capacity (1000 ﬁH) than for the base case. Conversely, the
electric heating case requires less coal (300 MW reduct ion)
than the base case, Both plans require the same amount of

gas and oil capacity. The 0il capacity is the same since no

oil~fired units were considered as expansion candidates.

Notice also that the total thermal capacity for the electric

heating case in 2010 is 700 MW greater +han for the base

- case, ' Hence this ig one of the penalties of electric space

heating : increased generation capacity requirement.

4.8,.2.1 Capacity Factors by Fuel Type

Y

In order to find out how different types Qf generating
ﬁnits are utilized for electrical energy generation, their
capacity faztors must be compared. The capacity factors for
the base case pian and tﬁe electric heating case plan are
shown in rables 21 and 22 respectively. Notice that for the
base case, the average capacity factor of the nuclear units
was 78%, indicating that the nuclear units will be base

loaded throughout the planning period. -For the coal-fired

7-12!4-'



units with an average capacity factor of 68% will be loaded
as intermediate cycling units most of the time, wvhile the

oil-fired units with a capacity factor of 20% will be loaded

as intermediate-peaking units, Gas turbines will only be

operated in P peaking mode, " As for the electric heating
case, ,the capacity facﬁor of the nuclear units has decreased
slightly to 74%, - indicating that some of the nuciear units
will be operating‘as load=carrying units. Notice that there
is a substantial decrease in the capacity factors of the

coal-fired and oil-fired units. This 1is due to the fact

that as more nuclear comes on line, the coal and oil will be

displaced to> generate less enérgy. Consequently, as will be
shown later, this will result in a reduction in the aamount
of coal and o0il fuels consumed. Again, the gas tuarbines

will operate in a peaking mode.
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TABLE 19

‘Generating Capacity for the Base Case

_ Total Nuclear Gas 0i1 Coal
Year Thermal Power Turbine Fired Fired
' (MW) (MW) - (HW) (MW) (W)
1981 1299 0 23 1014 262
1982 1699 430 23 1014 262
1983 1€99 400 23 1014 262
. 1984 1699 uoo0 23 1014 262
1985 1€99 400 23 1014 262
1986 1897 400 23 1212 262
1987 2098 400 23 1413 262
1988 2076 400 23 1391 262
1989 207¢ 400 23 1391 262
1990 2076 400 23 1391 262
1991 2296 630 23 1391° 252
1992 2296 630 23 1391 252
1993 2281 630 23 1391 237
1994 2481 630 23 1391 437
1995 - 2481 630 23 139 437
1996 ' 2859 1030 23 1369 437
1997 2859 1030 23 1369 437
© 1998 2859 1030 23 1369 437
1999 3059 1030 23 1369 €37
2000 3059 1030 23 1369 637
2001 3z N 1330 23 1321 637
2002 3311 1330 23 1321 637
2003 3611 1630 23 1321 €37
2004 3554 1630 23 1321 580
2005 3544 1630 23 1311 580
2006 3845 1630 23 1212 980
2007 3743 1€ 30 23 1110 980
2008 3743 1630 23 1110 980
2009 3938 . 1€30 23 1005 ¢ 1280
2010 4038 16 30 123 1005 1280
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Generating Capacity for the FTlectric Heating Case

TABLE 20

127 -

Total Nuclear Gas 0il Coal

Year Thermal Power ~Turbine Fired Fired
(MW) (M) (MW) (M¥) (MR)

1981 1299 0 23 1014 2627
1982 1699 400 23 1014 262
1983 1€99 400 23 1014, 262
1584 1699 400" 23 1014 262
1985 1€99 400 23 1014 262
© 1986 1897 400 23 1212 262
1987 2098 400 23 1413 262
1988 2076 400 23 1391 262
1989 2076 400 23 1391 262
1990 2076 400 23 1391 262
1991 2296 . 630 23 1391 252
1992 2346 630 13 1391 252
1993 2731 1030 73 1391 237
1994 2931 1030 73 1391 437
1995 2931 1030 73 1391 437
1996 2909 1030 73 1369 437
1997 3309 1430 73 1369 437
1998 3309 1430 73 1369 437
1999 3509 1430 73 1369 637
2000 3509 14 30 73 1369 637
2001 3461 1430 73 1321 €37

2002 3461 1430 73 1321 637..
2003 3511 1430 123 1321 €37
2008 3854 1830 123 1321 580
2005 3844 1830 © 123 1311 580
2006 L1us 2230 123 1212 580
2007 4443 2630 123 1110 580
2008 BUY3 2630 123 . 1110 580
2009 4738 2€ 30 123 1905 980
2010 4738 2630 123 1005 980
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Figure 28: YNuclear Generating Capacity During Study Period
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TABLE 21

Cépacity Pactors for the Base Case

Nuclear Gas . Oii‘ Coal

Year Power - Turbine Fired Fired
(%) (%) (%) (%)
1981 0.0 0,01 . LI, EL 82.86
1982 - TT7.94 0.01 25,490 ' 75.05
1983 . 73.33 0.00 31.17 78.51
1984 719,58 = 0.01 ' 33.93 74,89
1985 80.33 . 0.01 0 37.93 715,68
1986 - B0.67 0.01 -34,92 78.63
1987 _ 73.33 . 0.01 34,34 84.76
1988 " 88,00 . - - 0.02 34,75 82.37
1989 84,11 0.01 35.95 72.35
1990 77,58 . 0.00 40,08 76, 37
1931 - 73.61 . 0.0 33.79 75.15
1992 - 78,62 0.01 36,85 7 76.09
1993 S 75. 21 0.02 40.90 78,071 .
1994 75.81 i 0.01 i 34, 21 75.73
1995 ' T76.2¢6 . 0.02 37.63 77.61
1996 . 77,61 ' 0.01 22.72 : 67. 14
1997 79,719 ] - D01 25.01 £9.21
1398 80.62 - 0.03 28,64 AT0.77
19499 . T€.97 o 0.02 25.14 72.55
2000 77.33 0.03 29.01 74,59
2001 75.96 . ) 0.02 22.38 66.69
2002 76,56 0.02 25.82 68.27
2003 " 75,52 0.01 ) 1€.20 65,14
2004 77.34 - 0.03 21.27 66.53
2005 77.67 : 0.02 23.47 67.33
2006 76.52 0.01 14,16 62,97
2007 : 77.09 0,01 17.23 65.97
. 2008 77,81 0.03 21,81 68,02
\2D09 76, 2€ 0.02 . 15.99 €6.02
2010 78,87 0.0u4 19. 19 66,49
\\\
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TABLE 22

Capacity Factors for the Electric Reating Case

Nucleaf

0il

Gas coal
Year ‘Pover Turhine Fired Fired
' (%) (%) (%) (%)

1981 0.0 T 0.01 50420 82.78
1982 85.27 0.01 24,70 70.97
1983 78.82 0,01 30.61 78,51
1984 79,55 0.02 36,23 74,02
1985 80.30 0,02 40.37 76.01
1986 88,00 D.03 35.13 T78. 11
1987 88,00 0.02 33.€5 79.31
1988 75.86 0.00 36.90 T4,52
19893 7€,83 0.01 40.37 76.34
1990 77,63 0.01 43,52 78.05
1991 74,03 0.02 36,99 76.54
1992 T4,62 0.03 40,40 78. 19
1993 72.78 0.01 26.78 69,49
1994 ©76.05 0.00 20,45 64,17
1995 74,61 . 0.0 24,93 £7.75
1996 72.90 0.03 30,28 73,27
1997 71.97 0.01 16.81 £5.30
1998 T72.711 0.02 20,44 67.65
1999 73.45 D.01 15.74 66.20
2600 74,37 0.02 19.83 67.586
20071 - Th,42 0.02 22.€8 67,98
2002 75.16 0.02 25.92 68,26
2003 75.50 0,03 30.31 69.78
2004 73.58 0.02 20,34 66,21
2005 74,31 0.03 24,37 68.35
- 2006 73.42 0,02 16, 04 55,69
2007 72,25 0.02 9,.€0 39,08
2008 73.01 0.02 11.83 45,34
2009 73.67 0,02 8,30 38.43
2010 74,30 .0.03 9,65 4y,4
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u.u.B\\n;ggact‘on Primégx_Fue;'Congumptigg\ c

The poimar fuel consumption schedule for electric
AN 4 . ‘

pewer generation for the que case and ﬁhe‘electri: heating

-

., .

case are descrihedf in Tables 23 and 28 respectively. .the
fﬁaf these tables ccnsider only the'efféété\gn fuel used for
generation and de not censider tﬁe‘heatiﬁg'.fuel that is
displaced by electric space heatinq, Notice fhat in both
cases, there Is a gradual decrease in oil consuﬁption as a
resuls of naw;nucléar'qépaci*v'lowering the capacity factors'

v

on 0il fupled gereration,

u.u.3:1 "Iearly Tncremental Primary Fuel Coasumption

From Tables 23  and 24, . Table 25 is ev&luéted. " This
table depicts the yeafly' incremental primary fuel
requirement for electrical‘qenerafion.ﬁ 3 negative value in
Tahle 25 signifies a savings; -a posi+tive value signifies an
additioﬁal -Tequirements, Hotice +hat the ad@itional
requirement for wuranium is clearly evident. There 1is,
héuever, a _substantial'reduction'in “he tons of coal and
barrels of 0il needed for electrical gener&tian. fhis‘is
“he right <trend in lipe with the NEP's Lolicy .

Fubstituting nuclear for +he more limited oil fuel. This is

exactly one of thte benefits of the increased utilization of

electric space heatiag, Notlce that +*“here i3z a small
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criterion. L . -

.....

.

. - R L - S ' . A
increase 'in the. consumption of gas. This is, due mainly to R

the. fire 'tuning - redunized o nmairtain the "reliability

3

-

4.4.3.2 0il and Gas Consumptions

The efiects on oil and aas censunpticns  are described =
on‘a yearly basis in Tableslbé- and 57.,respect1vely.“ The
fFirst column of these.tables éivés Cele émount in barreiS‘of
0oil or bazrels equivalent of cés n>t consamed by the

. > .

residential cil/gas furnace for electric space hea=ing, the

.secend  ceolumn gives the extra consumption for electric

enerqgy. production and the third +“he ne* savings caused by

-
»

additional electric heating, A posi*ive value signifies a

.savings; a negative  valué signifies an addi«ional

requirements, Notice tha%t both +tables <chow a cumilative
savings. The cumulazive amount of 0311 saved is about
21 million barrels over a ~ 30 vear nperioi; while the

cumnlative amourt of gas saved .is about 6,5 million barrels

equivelant tcr the same period. This clearly indicates one

-

of the benefits of  elec*ric space heating :  saving of

limi*ed o0il ard gas fuels,

»
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TABLE. 26

Summary of Oil Consumption

Extra 0il

pry

Net 01l
0il Not Consumed Savings
Consumed by for Electric Impact of
Fesidential. Energy - Extra
Furnace " Production Flectric Heat
Year {(Barrel) ‘(Barrel) (Barrel)
1981 25793 7790€ -52113
1982 50409 ~149301 199710
1983 72384 - 100069 172453
1984 92104 276141 =-184037
1985 112307 317262 -204955
1986 - 132187 35059 T 97128
1987 150690 -235847 386537
1988 168918 307230 -138312
., 1989 185771 782426 -596655
1990 202534 528273 ~ =325739
1991 2191€0 562152 -342992
1992 236559 626184 -389625.
1993, 255350 - =2554073 2809423
1994 274607 | -2568463 2843070
1995 294697 ~23306€¢6 2625363
1996 316094 1400085 -1083991
1987 337955 -15413339 18739294
1998 360200 . =Tu89963 1850163
1999 382223 -1797885 2180108
2000 405345 -1681959 2087304
2001 428675 59598 369077
2002 458765 19129 439636
2003 488178 2533039 -2044861
2004 518959 -188007 706966
2005 - 548765 131941 416824
2006 578961 305941 273020
2007 €00219 -1231645 1831864
2008 621357 -1582404 2203761
2009 642619 -112833¢ 1770955
2010 664303 -1369715 2034018
Total 9826088 ~1198730¢ 21813394

T
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TABLE 27

Ssummary of Gas Consumption

Net Gas

Extra Gas
Gas Not Consumed Savings
Consumed by for Flectric Iapact of
.. Residential . Enerqgy "Extra
' Furnace Production Flectric Heat
Year (Barrel) (Barrel) (Barrel)
1981 17720 7 17713
1982 34632 s —6 34638
1983 49729 a6 49683
1968 4 €3278 17 63261
1985 77158 57 77101
1986 90816 80 90736
1987 103528 4g. 103479
1988 116051 -86 116137
1989 127629 . 24 127605
1990 139146 27 139119
1991 150568 36 150532
1992 162522 6264 156258
1993 175431 6014 169417
1994 188662 5933 182729
1995 202464 6035 196429
19%¢ 217165 6247 210918
1997 232184 6067 226117
1998 247466 6028 241438
1999 262596 5983 256613
2000 278482 6124 272358
2001 294510 6190 288320
2002 315183 €072 309111
2003 335390 12383 323007
2004 356538 12115 344423
2005 - 377015 12390 364625
200¢ 3977€0 1229 385468
2007 412365 12219 400146
2008 426887 +2271 414616
2009 Lu14gs 12275 429220
2010 456392 -216 456608
Total 6750762 152937 6597825
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. 4.8.6 gmpagt op Pinancial Requiremept

The cash flow for the base case and the -electric
heating case were tabﬁlated’on a yearly bésis as -shoun in
Table 28, Note that all expenditures are in ternms of 1981
dollars. Notice that the cumulative operating costs for ?he
electric heating case 1s $364.3 million lower than for the
base case, - This is due.nainly to the increased utilization
of nuclear energy in the electric heating case. Again,. the
oil fuel saved is reflected in.the lower operating cost of
the systen, However, the coﬁstruction‘ costs for the
electric heating case is $1,502.€ million greater than for
+he base case. This ié a direct consequence of the higher
coﬁstructioa costs of the nuclear un;ts. The total increase
in overall expenditures for the electric heating case is
$1,138.3 million. This is again one of the penalties
associated with increased utilization of electric heating :

increase financial requirements on electric utility. x
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TABLE 28

Summary of Cash Flow

Operating Costs Construction Costs
(1,000,0008%) ' (1,000,0008%)
Base Electric Base Blectric

Year Case Heat Case Heat
1981 208.9 210.6 0.0 0.0
1982 139.4 134,9 0.C 0.0
1983 159. 4 - 157.7 : 0.0 0.0
1984 167.1 S 172.9 0.0 0.0
1985 179.2 186.5 0.0 36.0
1986 191.4 192.8 12.7 39,7
1987 214, 1 207.9 67.1 122.5
1988 212.6 214.6 . 56,2 132.9
19813 2110 229.8 - 32.€ 233.9
1990 230.9 203,7 89.7 153.5
1991 204, 1 217.7 132.9 " 1B7.5
1992 217.5 232.9 210.5 152.8.
1993 232.€ 189.8 117.6 210.5
1994 225,.8 179.1 109.3 117.6
13995 241, 4 200.,7 . 54,4 91.4
1996 190, 4 223.9 120.9 43,2
1997 201.6 180.7 147,.7 43,6
- 1998 217.8 198.7 266,5 168.8
1999 224.8 " 195,8 202.9 299.9
2000 242,8 216.0 199,4 - 413.1
2001 220.9 225. 4 134,86 362,2
2002 -+ 236.6 238.9 - 161,77 41,3
2003 210.7 258.6 240,0 364, 1
200u 227.8 225.8 - 168.6 262,09
2005 232.7 239.5 - 138.9 203.9
2006 : 234,5 206.5 122.8 160. 4
2007 2u45,2 180, 2 €1.3 82.8
2008 264,77 194.,7 21.7 20.7
2009 276, 1 208, 1 ‘ 12.8 0.0
2010 288.0 221.86 0.0 0.0
Total 6551.6 6187.3 2882.7 4385.3
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Chapter V

CONCLUSION

The objective of this thesis is to develop a

.

computational procedure suitable for dse by electric
utilities to evaluate quantifatively the long-tern
implications anrd impact of electric Epace heating. This
objective has  been achieved by the deVelopment_of a three
stage computer model that permits realistic eveluations of
the'K;mpact of electric space heating on systenm demand,
generatiou'capgcity requirement, ;rinary fuel consumption
and financial requiremeﬁt. stage 1 is the electric heating
demand model which calculates the incremental demand for
electric heating; Stage 2 is the generation expansien model
which caléulates the optimal generatién expansion schedule;
and Stage 3 is the total imﬁact Fodel vhich calculates the
incremental impact on elements of interest such as fuel
consunption and utility costs. _SeQeral computer prograns:
HEATLOAD, LOADPROC and WASP have been implemented'to ma page

the data and to perform the analysis.

These conmputer models have been applied to the New
Brunswick electric power system and Tesults have been
obtained for penetrations of 60% of electric space heating
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‘dvwellings in the new housing stock. The main conclusions

that can be drawn from this study for the utility assumed

arez:

1.

rulti-family dwellings are to be preferred.

-

Thé incremental demand for electric space heating
depends on factors such as type of dwellings, weather
conditions, the insulation standards as well as the

number of electrically heated dwellings.

Row houses and apartments are fuch mnore energy
efficient as compared tﬁﬂ single-detached and semi-
detached dwellings. For the effective utilization of

energy resources, an increase use of row houses or
- . . . \

‘There is a slight deterioration of the system load

factor as a result of the increased utilization of

electric heating., For the system studied, the annual

load factor has decreased from 63.8% in 1981 to

" 62.63% in 2010,

The lohg-term capability of electric heating to

substitute nuclear and coal for scarcer oil and gas

is significant for the utility studied. The

cunmulative amount of o0il fuel saved is about
21 million barrels over a 30 year period; while the
cumulative  amount of gas fuel saved is about

6.5 million barrels equivalent for the same period.

- 142 -
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6.

There is a significant increase in the utilization of
nuclear for‘electrical energy generation as a result
of increase ih eléctric heating. 'Consequently, more
nuclear units are ianstalled, These nuclear-unigs,
with their higher capital costs, increases thé

financial requirements on the electric utility. .

Decisions to discourage or encourage electric heating

must be made based on other conslderations such as
the availability of capital and nuclear fuel for the

next 25 to 30 years.

In order to ‘obtain a realistic evaluation‘of: the

\benefits and penalties. associated with electric
R .

heating, a ‘1ong-term study must be uﬁaertaken. A

simplistic model based on one 7vear study do not

capture the subtle interaction betvween many economic

and electric parameters,

Effects on individual utilities would vary depending
on such factor as electric heating penetration level
and climatic conditions in each uvtility's service

area.

The last point emphasizes that individual utilities

should evaluate the impact of electric space heating by the’

application of thg/ﬁggéls described and should not be based

on results obtained by other utilities because , results are

utiiity specific.
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'S.1 ' PURTHER RESEARCH

A major drawback of electric space heaﬁing is that'it-
necess;rily ent;ils éone demand for electric heating duriﬁg
periods of heavy‘load an& system peak, ‘resultinq in'the_
deterioratiosn of <he system'load f&étoréa For this reason,
many utiliéies are céﬁSidering using load manaqément schemes
to ameliorate 1load factors. Load manéqenent essentially
shifts some electrical demand from peak to off-peak periods.
A reduction ?n peak demand leads to a more economical use of
the generating units ‘and transmission systen and a more
effective utilization of resources. Load management is
particularly’ att;active in terms of its® potential 'fof;
conserving energy and _capitai in the :pfoduction and
distribution of electricai _.energy, It'will hold .dogn the
cost of electricity by shifting a significant amount of fuei
base from oil and gas to coal, nuclear and nenewable'
reSdurces; There is fherefore the need to !nvestigate the
feasibilities and effects of different load -man;qement

¥

schemes on an electric utility,

@any assunptions have been ﬁade in the study which are,
necessary to conduct the analysis to a'fruitful end. It is
almost certain' that mény of these assumptions will have a
significant effect: on the résults.obtained.. Sensitivitr

. studies are therefore suggested since they'\&ﬁay give

additional insight into the charakteristics 'of the final
results, The parameteric studies recommended are:
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10.

11.

The effects of the insulation standards of thé

dwelling stocks,

The effects ofr the thermal and structural‘

characteristics of the dwelling stocks.-
The effects of changes in dwelling mixes.

The effects of different penetration level of

electric heating.

The effects of different escalation rates for the

fuel considered.

Tﬁg effects of.discounflrafes.

The effects of load growth rates.

The effects of no nuclear or no coal expansion.

The effects of increasing or decreasing the forced

outage rates of generating units.

The effects of decreasing the Teliability level froa
1 day/10 years to 5 day/10 years, 10 day/10 years and

higher values,

The effects of export and import of pover to and from

‘neighbouring utilities,
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12. The effects  of overbuilding . nuclear ubits

specificall} to sell power_to,thejﬁs.’-

Y

w
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Appendix A

BRIE¥ DESCRIPTION OF WASP

The Wien Automatic System Planning (Haspf .package was
developed by the Tennessee Valley Aothority for the
" International Atomic Energy Agency. The WASP program
uoilizes the Baleriaux—Boofhlmethod 'for the probabili;tic
51mulat10n of system operation satlsfylng user spefdfied
constralnts. WASP can handle 100 multi—unlt plants with
hydro ané\puapedi storage units' each treated as a single
composite plants. In addition, 2Q expansion candidaoe
’plants, a 30 year study period and 200 alternative eystem

conffpurations in any one Yyear wmay be considered. The
~

‘obﬂective functlon is" the présent—worth discounted value. of

all operatlng costs plus all capital investment costs less a
salvage value credit at the horizon for = the remalping

S

economic life of the caqdidate pfants.‘

. The WASP package .is opmposea“of six computer programs
“which can run -either independently of*in series. The modular
structure of WASP permits the user to _moni'tor intermediate
results, s» that'any input data errors can be corrected
_before large amount of computer time are vasted in

simqlating andhoptimiz;no with erroneous data, .
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1.

v 2

3.

thé

the six'mogulés greg
A }o&d-description module LOADSY.

A fixed-démmitted sy;tem modﬁle‘FIXSYs.

A Vari;ble éystem médule VARSYs;

An expansion configuration ﬁodule CO&GENL
A prohabii;st%p simulatién modulg WERSIN.
A pptiﬁizatioh module DYNPFO,

A brief description of each module follows:

IS

LOADS. o . >

This module accepts the.load forecast and the shape of
T of

LDC -for each ‘period and every year of the study.

Specifically, it requires:

1.,

Number of- periods per year.

Anﬁual peak demand and the ratio of the period peaks

to the annual peak, for each year of the study.

Load duration curve for each period in the .study,
expressed as the cdefficients of a fifth-degree

polynomial,
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9
4. Number of terms required in the Fourier series

approxlmatlon of the load: duration curve.’

EIXSYS

This mpdule accepts the existing and £firmly committed
systems,’ In this -module, the fellowing information is

required: . .
1. For each thermal plant:

a) Number of units and type.
b) Minimum and maximum operating levels.

c) Heat rate at minimum 1evel and average incremental

L ¥

heat rate between ninimum and maxioum levels.
d) uvnit domestic and foreign fuel costs. *)
e) Forced-outage rate.
£ Annualnscheduled mai;tenance time requiremén;s.
g) Fixed and variable non-fuei operating costs.
h} Year of addition of éxtra capacity.

i) Year of retirement and number of units to Dbe

retired.

2.. FoOr the existing composite hydro system as well as

~ connmitted projects:

a) Annual ninimum and maximum operating levels.
' .
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3.

b)

c)

a)

For

Base (run of the river) and peaking componeﬁts for
each pgribd. R
Annual enerqgy available as well as period"bqe:gy.
Unit fixed and variable non-fuel operatiné;costs.
Number of hydrological conditions ({low, high

flows, etc.) and probability of their existence,

the existing and committed emergency hydro

systems { ydro capacity not normally used - a penalty
is attached to jits use):

a)
by
<)

d)

Annual capacity and period capacities.
Hypothetical heat rate and fuel costs.
Unit fixed and variable non-fuel operating costs.

Number of hydrological conditioms.

For the-existing composite pumped storage system:

a)
b}
<)
d)
e)

£)

2

Generating capacity.

Flectrical load imposed by the pumps.

‘Maximum enerqgy generation per period.

Generating efficiency.
Punping efficiency.

Unit fixed and variable noon-fuel operating costs.
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YARSIS o S
" This modules éccepts the candidatg units for expansi&h.
.up to 20 candidate types may be‘considerea with hydro and
pumped storage each counting as one. Within ‘the hydro
‘”éateqory up to 20 ranked projects cﬁn be considered - thg‘
-user ranks the projgct in an economic order of merit. 1In

" Uthis module the following information is'required:

1. For 2ach thermal plant the same information as' in

FIXSYS except the number of units is not specified.

2. For each hydro project, the sanme infoﬁmation as in
FIXSYS. 1In addition, the first year when the project

can be added must be specified. a

3. TFor each pumped storage project, the same information
, :

as in FIXSYS.

CONGEN

/
This module is the heart of WASD since it generates all

’ . ’ H .
possible states of +the _expanded system within the user
specified conmstraints, The input data required, - for each

year of the study period is: - 7

1. Minimum and pmaxirum acceptable values of rese%ve

margin during the critical period.
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2. Minimum ounber of'-upits or hydro projects which are
required to be installed (perhaps by political or

economic reasons) .

3. #aximum number of units or hydro projecﬁs which are
perﬁifted to be installed in addition to the number

required.,

4., Maxinum permissiﬁlé value of loss 6ﬁ load

probability.

In addition to satisfying the input coastraints, aa
acceptable configuration in a given year must be accessible
from at least one of the acceptable configurations in the

previous year.

HEBSIM

"This modulé probabilistically . siaulates systen
operation to obtain the expected generation and éroductipn
costs for each unit for each feasihlé configuration
generated in CONGEN. fhis module is computationally very

/\efficient with the incorporation of the method of moments

for the probabilistic simulation. Ths module requires:

1. The loading order for the thermal and pumped-storage
plants., A two-block treatment'df capaclty is used.

]
, Normal and emergency hydro are handled automatically.
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2, Base yeér for‘escaléiion caigulaiions'plus individeal
escalation factors on local and foreign costs for

each fuel type.

The normal-hyd;o base capacity block is always first in.
the loading order and the remaining ¢apacity is located at
its proper place in the loading ‘ofder ‘tb diSpharge the
available energy. The loEs of load probability calculated

in this module inclgdés the effects of maihtenénce.

DINPRO I r
This moduié uses dynamic programming*#o carcy out the

eccnomic evaluation of alternative expansion plaas. Inﬁut

-

data required is as follows:

1. Depreciable capital cost and economic plant life for

each variable-system expansion candidate. o

2. Y¥Yon-depreciable capital cost for  thermal plants.'

3. Interest during ccenstrguction,

4. Time of comstruction. f\\\\“\\

.,

N,

5. Escalation rates.
6. Discount rateé

7. Type of depreciation (sinking fund or straight line)

for salvage value calculations.
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‘ Lppendix B

DESCRIPTION OF THE NEW BRUNSWICK ELECTRIC POWER .
: SISTEN

‘As described in Appendtx’i?' the WASP computer package

consists of six interrelated computer code modiles. . These

o

modules serve to find the economically  optimal generation
expansion policy for an electric utility within user-

-

specified constraints.

4

The New Brunswick electric, pover system will be

described at each of the six modules,

2
\

LOAD_DESCRIPTION_ (LOADSY}

Hourly historical da;a for the year 1973 were used to
obtain the required monthly load duration carve. For WASP,
these LDCs are given in terms of the coefficients of a fifth
degree polynomial (Y = ag+a X+a,X2+a X 3+a X*+a X5, vhere {
is the fraction of time during the pefiod that the 1load
equals or exceeds‘the fraction Y of the period peak demand) .
The first coefficient (the constant term)  is always unity.
These cﬁefficients are calculated by a least~square curve-

\f}tting program, The LDCs are assumed to remain unchanged
f&fa\each corresponding month for the base case over the

study\ie;iod.

B
.
.
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The coefficlient of the £ifth degree'polynouials are

shown in Table 29,

TABLE 29

Coefficients of Fifth Degree Polynomial Describing the Load
Duration Curves for Each Period

Periogd a, a, aq a, ag

1 -1.6133 T.4346 -17.9414 ~ 19,7348 -8.16 31
2 -1.3137 u4.8147 =10.2988 10. 4419 -4,0879
3 -1.591%  7.1581 -16.6342 17.3731 -6.7272
.4 -1,8025 7.7160  =17,8243 18.8258  «7.4161
5 -1,6880 7.9568 -18.4226 18,3519 -6.6591
6 -1.6675 7.6780 -18.0048 18,2308 -~6.6324
7 -1.5205- 7.7827 = -20.7191 23,4610  ~-9.5187
8 -1,7437 8,3528  =20.1935 21,0402 . -7.9118
9 -1.8100 10.3545 =-27.93%0 31,7013 -12.8334
10 -1,5263 6.7854  -15,3918 15. 1339  -5.4637
11 -1.3681 5.7836 -13.8973  14.9008 -5.9003

12 -1.9360 9.3858 =23,7948  27.0594 -11,3013

4--—"_‘___"‘_—-“

-

FIXED_SYSTEN (PIXSYS)

The fixed system comprises the units already installed,
the firmly committed units as well as units to be retired. A
suamary of the fixed-comnitted system is given in Tables 30

and 31 which include some explanatory comments.

-
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TABLE 30

Thermal and Nuclear Units

Base Avge
_ Load. Iacr
Min. Capa=- Heat . Heat o
Station Name Load ™ city Fate Rate FOR
e MW MW kcal/kvh kcal/kwh = %
Gérand Lake 5,6 10 10 .ouu3?2 0 10
Grand Lake 7 15 15 3654 0 10
Grand Lake 8, 18 57 3801 2527 S -
Grand Lake 9 60 200 2865 2320 7
Grand Lake 10 60 200 2865 . 2320 -1
Chathan 1 11 22 3710 3723 12
Chatham 2 11 22 r 3740 2225 10
Courtenay Bay 1 '~ 18 48 3549 2599 5
Courtenay Bay 2 10 10 6uoo0 0 5
Courtenay Bay 3 30 99 3039 2326 7
Courtenay Bay U 30 102 3021 2329 7
Dalhousie 1 30 105 . 3017 2192 5
Dalhousie 2 30 180 © 3161 2203 - 8
Coleson Cove 1 80 202 2799 2263 8
Coleson Cove 2 80 202 2799 2263 8
Coleson Cove 3 80 202 2799 2263 8
Point Lepreau 1 350 630 . 3261 2565 2
Moncton 1 23 23 3154 0 9

“Np-

- 156 =




TABLE 31

Thermal and Nuclear Units (Continued)

1
.

Sched. ‘
Station Name Fuel Costs = Maint- O&M Costs ,
enance Pixed . variable .
cents/M kcal days  $/kW-month $/M¥h

Grand Lake 5,€ 655 21 0 .53
Gérand Lake = 7 €55 21 0 0. 51
Grand Lake 8 655 28 0 0.21.
Grand Lake 9 €55 28 0 0.20 -
Grand Lake 10 655% 28 0 0.20
Chathan 1 1508 21 0 0.19
Chatham 2 1508 ' 21 0 0.19
Courtenay Bay 1 1652 27 .0 0.31"
Courtenay Bay 2 - 1452 28 0 0.31
Courtenay Bay 3 1452 28 0 0.22
Courtenay Bay U4 1452 28 0 0,22
Dalhousie 1 1508 28 0 0.22
Dalhousie 2 837 35 0 0. 20
Coleson Cove 1 1452 35 0 0.20
Coleson Cove 2 1452 35 0 0. 20
Coleson Cove 3 1452 35 0 0. 20
Point Lepreau 1 103 42 0 ©0.00
Moncton 1 2079 7 0 0.00
Comments: ~,

1. Coleson Cove units -available at 202 MW each until
November 1985, 268 MW until November 1986 and 335 MW
thereafter because of participation sale with New

England utilities.
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2., The Point Lepreau nuclear station is a .GBQ'HH
station. The in service comperical dafg is Novemﬁer
1981.  Until December 1990, 400 MW are available to
New Brunswick. From January 1991 an additional 230 MW

are available to the systenm.

3. 'Because of conmitments for steam, unit 2 at . .Courtenay

Bay must be run continuously. :Hence, this 10 MW unit

is loaded as a "must Tun" unit.

5, 80 MW of Coleson Cove 1 are to be run continucusly.
This lover biock of 80 MW is loaded, therefore, as a

"pust run® block. .

5. Some of these uaits will be retired as described

later.

A description of the fixed hydro projects a;e dgscribed
in Tables 32 and 33, 211 hydro units are available at the

start of the study: January 1981.

The average energy provided by these hydro projects was
given a probability of existence of 95%. Thé low hydro

level was given a probability of 5%.

-

A summary of the Fired System is given in Table 3&.
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TABLE 32

Rydro Units and Capacities

Station Name . ) Capacity
MW
Mactaquac 1 105
Mactaquac 2 105
Mactaquac 3 105
Mactaquac L 105
Mactaquac 5 105
Mactaquac 6 105
Beechwood 1 36
Beechwvood 2 36
Beechwood 3 43
Tobique 1 10
Tobique 2 10
G6rand Falls 1 15
-Grand Falls 2 15
. Grand Falls 3 15
Grand Palls 4 15
Milltown 4,2
Sisson . 8
Musquash 4,8
Total Bu2

L/// /
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- \
. N
" FABLE 33 ‘- -
Descriptian c‘;f Hydro Systen per period (monthly)
Month. . o Capacitf ' : Znergy ' : :
‘ Bdse .. Peak ° Average (%5%) Low (5%)
n¥ MW GRh - GWh
JAN - 15 842 156 73
FEB 15 842 135 61
MAR 15 842 . 181 88
APR T 15 ‘817 394 239
. MRY. 50 792 515 > 378
- JUN: .25 817 285 “173
~ JpL, - 15 842 - 175 T4
. ADG 15 . 8u2 158 49
SEP. . %1% 8u2 148 66
‘ocT .- 15 su2 188 ik
ROV 15 - 8u2 ¢ . 205 83
DEC, 15 - . 825 212 96
QJ‘ a : 2z
K N
n. --‘ >
@ .
M Y
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TABLE 34

" Summary of Fixf?‘System

Year Installed Capacity

Comment
MW
1981 2141 - 400 MW added at Point Lepreau-
1982 241 - )
1983 2541
1984 2541
1985 2541 ‘
1986 2739 66 MW added to Coleson Cove 1,2,3
1987 25940 €7 MW added to Coleson Cove 1,2,3
1988 2918 22 MW at Chatham 1 retired
- 1989 2918 N '
1990 2918 :
1991 3138- 230 M¥ added to Poiny Lepreau
. 10 M¥ at Grand lake 5,6 retired’
1992 3138 . - :
1993 3123 15 M¥ at Grand lLake 7 retired
1994 3323 200 MW added at Grand Lake'9
1995 3323 R
1996 3301 22 MW at Chatham 2 retired
" 1997 3301 .
1998 3301 . _ '
1999 3501 200 MW added at Grand Lake 10
2000 - 3501 . : )
2001 3453 48 MW at Courtenay Bay 1 retired
2002 3453 T : . : :
2003 .3453 . . : A
200t 3396 57 KXW at Gragﬁ‘Ldke 8 retired
2005 3386 10 M¥ at Courtenay Bay 2 retired
2006 3287 99 MW at Courtenay Bay 3. retired
2007 3185 102 MW at Courtenay Bay 4 retired
2008 . 3185 > . .
2009 .3080 105° MW at Dalhousie 1 ‘retired
2010 3080 ' '
]
' L .
L~
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VARIAPLE SYSTEM (VARSYS) =
The variable gystem describes the expansion candidates.
The variable system is described in the tables that follov.
TABLE 35
Thermal and Nuclear Candidates
Base | .Avge °
_ ., Load  Incr
. Min. Capa- ° Heat Heat -’ _
Station Wame Load city Rate Rate FOR
. MW HW kcal/kwh Xkcal/kwh. %
N300* 300 3€0 " 3645 0 12
N4QO* 400 400 3542 . 0 13
_— €200 60 -~ 200 2728 2210 . 10
‘ €300 90 300 2818 2608. - 10
C¥00 . 120 400 2816 2681 - -12
GT 50 .50 - 50 3150 0 10

* Important Note: The nuclear candidates are in reality
units of 600 MW and édo ﬂi'of{capacity. These nuclear units
are to be‘used fSr part;cipation sale to the US. Hence'only_
half gf_the‘units'.capacities are available to N. B. Power.

The data on’ Table 35 and subsequent table correépbnd “to

those for the aétual unit capacities (GOO‘HH and 800 MW).

-
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TABLE 36 - Ly

&

: /
"~ Thermal and Nuclear Candidates (Continued)
) i - SChedo
Station Name -Fuel Costs Maint- OEN Costs
enance Fixed variable-

cents}H'kcal days $/kﬁ-modth' $/MWh

N300 103 42 . 2.78 0
N4 G0 103 S 62 . ©2.78 © 0
€200 655 35 4,37% 0.22
€300 65 . 135, 3,05+ 0.21
c400 655 42 2.42% 0.20

GTS0 2079 21 0.30 0

* The fixed operations and maintenance (0 & M) costs for

the coal £fired expansion candidates includes 8 million

. 4dollars per year as fixed O & % for scrubbers. Thus, for the

€200 MW unit + the fixed 0 & M costs for the scrubbers is: .
8x10%/(200000x12) = 3.33 SkW-month.

To this value wmust be added the fixed O &8 costs for the
unit of 1.04 $/kw-montk giving 4.37 $/kW-month., Similarly

‘for the other units,

The hydro candidates are shown ip Table 37.
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TABLE 37

variable Hydro System

Grand Falls RDT © Morial Green River

Month Base Peak Energy Base Peak Energy Base Peak Energy
MW MW G¥h MW MW GWh MW MW MWk
JAN 0 320 8.3 5 135 13,1 0 160 32.1
FEB 0 320 - 8.3 5 135 9.4 0 160  31.2
MAR 0 320 8.3 5 135 14,6 0 160 11,3
APR 0 320 191.7 5 135 33,0 0 160 10.3
MAY 0 320 283.3 . S5 135 40,3 0 160 14.0
JUK 0 320 65.3. 5 135 32,2 0 -160 9.9
JoL’ 0 320 -19,0'°. 5 135 24,1 -0 160 6.1
AUG 0 320 11.2. 5 135 21.2 0 160 4.6
SEP 0 320 8.3 5 135 . 19.3 0 160 4.6
OCT 0 320 22,7 5 135 25.3 0 .160 4.8
NOV 0 320 41,0 5 135, 31,3 0 160 9.4
DEC 0 320 17.7 5 135 23.5 0 160 6.9

It is assumgd “that the eﬁtire capacity of the unit is
available throughout the year. That 'is, no variation of
capacity per period 1is assumed. This is a feasonable
assumptién regardiﬁq_ capacity. Asfiiejatds to energy,
however, the average flcw condition must be utiliied in.
order to a get a reasonable plan. Thlis average flbu
condition gives riée to +*he energies as depictéd in-

Table 37.

“
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. CONFIGURATIQN GENERATOR (CONGEN)

Possible future electricity geheration configurations

for each year wgre

subjegﬁ/}o certéin'appropriate constraints, some of which

\

follovw ' immediately from the input éonditions, such as

limiting LOLP and reserve capaclity margin, while the others
were carefdily selected so as to enable the results to be

obtained im the available time wvithout ‘any deleterious

influence on their reliablity,

The LOLP comstraint was fixed at LOLP = 0.00027 which

correéponds to 0.1 day/year assumiﬁg 365 days in a Year.

This '1s reasonably light risk level for the system in '

isolation, Regdrding the';e§erve capacity mérgin intervals

bounding the optimél solutiod, these have been selected as:

Y FARS ‘ RESERVE MARGIN

1981 - 1987 ) - Open
1988 - 2000 ¢ ' 30 -.50 %
2001 - 2010 30 - 40 %
Tightet bounds vill involve less féasible

configurations with, less computational requirements but
would not be representative and realistic. The meaning of
these bounds is that betwveen the vyear 2001 - 2010, the

optimal solution must hkave a LOLP less than 0.00027 and at

©= 165 =
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.‘\\,
the same time have a reéerve capacity margin between 30 and -

u40%,

SIMULATION (4ERSIMN)

.,A probabilistisﬁestimate of production costs, inéluding]
f@el and opératiﬁg. and nmalntenance costs, for. éach
configquration for each‘period of each yvear, isucaiculated by
MERSIM module of WASP. The loading order of the generating
uhits was specified with reférence to the merit éidér of

loading requirements; This particular order is given in

Table 38,

'The base component of the hydro capacity is 1loaded
‘first iﬁ all cases, The peaking portion .is fitted into the
equivalent_ load duration curve so tﬁat it also covers
outages cof the thermal units. The peaking hydro component is
fitted dynamically to discharge the entire energy available

in the period.

. . [
L] .
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?KBLE 38

CON

Loading Order'of Units for Probabilistic Simulation

Loading order -

Comments ' !

M E W

10
M

13
14
15

16
17

18

19
. 20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

35

36
37
38
39
50
41

Base 'component of 80 MW at Coleson Cove
10 M¥ at Courtenay Bay 2

400 M¥ at Point Lepreau

230 M¥ at Point Leprean additional-

300 MW nuclear candidate

400 MW nuclear candidate

Base component of
coal candidate
Peaking component
coal candidate
Base component of
Base componeunt of
Base component of
Peaking component
Base component of
coal candidate
Base component of
coal candidate
Base component’ of
Peaking component
Peak irg component
coal candidate
Peaking component
coal candidate ’

‘Base component of

Peaking component

Base component of
Base component of
Base component of
Base component of
Base compconent of

60

of

60

60
90
of
90

MW of the 200 MW
140 MY of the 200 MW

M¥ at Grand Lake 9

MW at Grand Lake 10

M& of the 300 MW

140 MW at Grand Lake 10
MW of the 300 MW

120 #W of the 400 NW

18
of
of
of

30

of
15 My¥ at Grand Lake 7

30
80
80
30
30

M¥ at Grand Lake 8

39 MW at Grand Lake 8

210 MW of the 300 Huw
280 MW of the 400 MW

MW at Dalhousie 2

150 M¥ at Dalhousie 2
MR at Dalhousie 1

M¥ at Coleson Cove 2
MW at Coleson Cove 3
M¥ at Courtenay Bay 4
MW at Courtenmay Bay 3

10 M¥ at Grand Lake S,€ .

Peakirg component
Peak component
Peaking component
Peaking component
Peaking component
Peaking component
Base component of
Peaking component
Base component of
Peaking component
Base component of
23 MW at Moncton

Peaking component

at
at
at
of
of
of
18
of
11
of
11

of
ne

Coleson Cove
Colwson Cove 2
Coleson Cove 3

75 MW at Dalhousie
69 MW at Courtenay
72 MW at Courtenay
MW at Courtenay 1
30 MW at Courtenay '1
MW at Chatham 2

11 MW at Chathanm 2
M¥ at Chatham 1

£ o =

11 MW at Chathanm 1
candidate

50 MW of gas turhil

-167-_




OPTINMIZATION (DYNPRO)

This module perfdrﬁs the optimization of the generafion
expansion plan using dynamic programming. The econoaic

variables Are ihputted in this module. They are glven as

follows:
. Domestic discount rate for capital cost 13%
. Interest rate during construction 14%
. ~ Domestic discount rate for-operatinq cost 13%

. Escalation rate for operating costs for
nuclear, coal, 0il and gas fuel . 10%

. Escalation rate for capital costs for all

units (nuclear, coal, gas, and hydro) C11%
. Base year for present worth calculations 1981
. Study period . ' 1981-2010

g
/

The «capital costs in 1981 dcllars, plant life and

construction time are givem in Table 39.

H
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TABLE 39

-Capital Costs, Plant Life and Construction Time of Expansion

Candidates
Plant Capital Costs Plant Life - Construction Time’
$/k% years years ,
N300 1416,7 30 7
NL&oQ . 1328.1 30 8
c200 900.0 30 5
C320 T92.9 i 30 6
caoo ) 803.6 ‘ 30 6
GTS0 200.0 20 1
Grand Falls  346.9 : . 65 3
Morial 1142.9 65 4
Green River 612.5 65 )
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Appendix C

THE COMPUTER PROGRAN

- - ‘* ’
ELECIRIC SPACE HEATING LOAD CALQULATION PROGRAN
R listing of the conmnputer prégran, written in

FORTRAN Iv, which evaluates the energy required per
househofd for electric space heating on an ‘hour-by-hour
basis- for the different assumed dwelling types ié'given in
this Appendix. The program interfaces with interéctive
terminals and Callé subprograms to read in data (fﬁom disk
or buffér), make load calculations and gemerate an output
file of the hourly_demand per household for électric égaCe

. &
heating.

[+
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ELECTRIC -SPACE HEATING LOAD CALCULATION PROGRAN

THE FUNCTION OF THIS PEOGRAM IS TO DETERMINE THE ENERGY REQUIRED
PER HOUSEHOLD FOR ELECTRIC SPACE HEATING ON AN HOUR-BY-HOUR
BASIS IN A PARTICULAR TYPE OF DWELLING., THE PROGRAM INTERFACES -
WITHA INTERACTIVE -TERMIRAL AND CALLS SUBPROGRAMS TO REBAD IN DATA
(FROM DISK OR BUFFER), MAKE LOAD CALCULATIONS AND GENERATE AN

OUTPUT FILE OF - THE HOURLY DEMAKD PER HOUSEHOLD FOR SPACE
HEATING. ‘ : '

FILES USED .IN THE PROGBRAM :

5 = TERMINAL INPUT . .

6 - TERNMINAL OR LISTIKG FILE OQUTPUT (FOR DEBUGGING)

8 = TERMINAL OUTPUT .
g = QUTPUT FILE CONTAINING RECORDS OF HOURLY DEMAND (WATTS)

10 - INPUT PILE CONTAINING RECORDS OF HOURLY TENP, (DEG{C))

11 - INPUT FILE CONTAINING RECORDS OF HOURLY SOLAR RADIATION ON

A HORIZONTAL SURFACE (WATTS/M*¥2)

BY : S. CHANW E
DEPT. OF ELECT. BNG. ‘ -
UNIV. OF OTTAWA

DATE : 01,/07/81

YERSION : 01 .

nﬂﬂﬂnOOQOOOOQOOOQOGOOOOGOOOGO

INTEGER DAY, ,HOUR
DIMENS ION HLOAD(750),DHD(750),DTA(TSO},ARRAY(30),ULOAD(ZH),

1 HWILD (24) ,NTHRS (12) ,NHRS (12) ,NDAYS (12) (MOX (12) ,
2 " UIJ(7) _
DATA RTHRS/0,744,1416,2160,2880,3624, ,
1. 4344 ,5088,5832,6552,7296,8016/, v
2 N HRS /7uu,672.7uu,720,7ua,720,7nu,7uu,720.7nu,72037uu/,
3 NDAYS/31,28,31,30,31,30,31,31,30,31,30,31/
DATA MON/'JAN ','FEB ','MAR ','APR ','MAY ', 'JOUN !, .
1 - +JOL ','AUG ','SEPT','0CT ','NOV ','DEC '/,
2 U13/2.33,1.25,0.88,0.68,0.54,0.45,0.39/,
3 PI /3.1415926/,ICOUNT/1/,IDRY/1/

1000 PFORNAT (' ENTER FIRST DATE OF HEATING SBASON (DD,MM) ')

1010 FORMAT (* ENTER LAST DATE OF HEATING SEASON (DD, HNM) ')

1015 TFORMAT (' ENTER THE TYPE NO. OF THE DWELLING') -

1020 FORMAT. (' ENTER DATA FOF THE FOLLOWING BUILDING COMPONENTS :'/

1 -+ (NOTE.: ALL PARAMETERS ARE IN SI UNITS.)'/
2 #*  + 4, WINDOW ~ AWIN , RWIN')
1030 FORMAT (' 2. DOOR = XDOR , RDOR')

-1040 FORMAT (' 3. CEILING - ACEIL , PERC , RCEIL , RWOODC , RINSC')
1050 FORMAT (' 4., WALL - AWALL , PERW , RWALL , RWOODW , RINSH')}
1g§0 PORMAT (' 5. BASEMENT SLAB -~ ASLAB , RSLAB')

17970 TFORMAT (* 6. BASEMENT WALL ABOVE GRADE - AUG ., RBASW .. RINSB')
1080 .PORMAT (' 7. BASEMENT WALL BELOW GRADE - ABG , DBG')
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1090 FORMAT (' ENTER THE ‘NO. OF AIR CHBHGE/HR & HOUSE VOLUHE (H**B)')
1100 FORMAT (' ENTER THE AVERAGE HOURLY WILD HEAT RATE (WH/H)'')
1110 FORMAT (' ENTER THE HOURLY DPHAND OF. UTILIWY CN A TYPICAL SUNDAY )

2000 FORMAT (1H1//' * * % FLECTRIC SPACE HEATIHG ﬁnnn CALCULATION °,
: 1 *PROGRAM * % N ;

2010 FORMAT (' HEATING SEASON : ', A4,I3,' - ',A4,13)
2020 FORMAT (* HEATING SPASON : JAR 1 - *,A4,I3," , 'i44,13,
N ' = DEC 317 | | - o

2025 TFORMAT (/* DWELLING TYPF :',I6) :

2030 FORMAT (/¢ DWELLING CHARACTERISTICS :'// - '

4X,'BUILDING COMPONENT :',6X,'HEAT TRANS. COEP,t'/
30x,-(nATT5/DEG(C)) AKX U5 (V=)

BASEMENT WALL BELOW GRADE',6X,F10.2/
* BASENENT WALL ABOVE GRADE',6X,F10. 2/ j
' BASEMENT "SLAB',18X,F10,2)
" WALL',27X,F10,2/' CEILING',24X,P10.2/
' WINDOW',25X,F10.2/' DOOR',27%,F10.2//
]
L]
T

VT & Wby =

2060 FORMAT (

1 .
3 INF - HEAT TRANS. COEF. = ',F10.2," WATTS/DEG(C) ' //
4 TOTAL HEAT TRANS. COEF, = '+F10.2,' WATTS/DEG(C) ")
C . "-‘ . " ..
C THIS SECT.ION OF THE PROGFAM IS FOR INPUT OF DATA
c R L A > | - '
WEITE (8,1000) -’

CALL READIN (ARRAY,?2)
IDDS = ARRAY (1) +0.5
IMMS = ARRAY{2)+0.5
WEITE (8,1010)
CALL READIN (ARRAY,2)
IDDE = ARRAY (1) 40.5
IMME = ARBAY (2} +0.5
WRITE (8,1015) '
CALL READIN (ARRAY,1) ’,
'NTYPE = ARRAY(1) +0.5
CALL DEFINE (NTYPE)
WRITE (8,1020)
CALL READIN (ARRAY,2) ™
- ARIN 3\ ARRAY (1) '
RWIN = “ARRAY (2) }
WRITE (8,1030)
CALL READIN (ARRAY,2)
ADOR = ARRRAY (1) :
RDOR = RRRAY(2)
WRITE (8,1040) '
CALL BEADIN (ARRAY,S)
ACEIL = ARBAY(T) ) S , '
PERC = ARRAY (2) ‘
‘RCEIL = ARRAY(3) . -
""RWOODC = ABRAY (4)
.. RINSC = ARRAY(5) B v
N WRITE (8,1050). ) , S
CALL READIN (ARBAY,S) ‘ :
awdir = ARRAY (1)



EL

PERW = ARRAY(2)
RWALL = ARRAY(3)
RWOODW = ARRAY (4)
RINSH = ARRAY(S)
WRITE (8,1060)

CALL BREADIN' (ARRAY,2)

ASLAB = ARRAY (1)
RSLAB = ARRAY(2)
WRITE (8,1070)

CALL READIN - {ARRAY,3)

AUG = ARRAY (1)
FBASH = ARRAY(2)
RINSB =  ARRAY(3)

WRITE (8,1080)

CALL READIN (ARRAY,2}
ABG = ARRAY (1)

DBG = ARRAY (2}

WRITE (8,1090)
CALL READIN (ARRAY,2)-

ACHG
VINP

ARRAY (1)
ARRAY (2)

. WRITE (8,1100)
CALL READIN (ARRAY, 1)

HDA =

2U.%ARPAY (1)

WRITE (8,1110)
"CALL READIN (ARRAY, 24
Do 100 K=1,24

AND OTHER BASIC PARAMETERS

100 ULOAD(K) = AREAY({K)
'E CALCULATION OF THE HEAT TRANSPER COEP.
g CALCULATF_THE'SPACE_HEATIHG PERIOD COUNTER
¢ ION = NTHRS(inn3)+2u*(Inns-1)
TOFF = NTHRS (IMME) +24%IDDE
c ,

'C BASEMENT WALL BELOW GRADE HEAT TRANSFER

i'C CALCULAT

E

THE NO, OF ONE=FT INCREMENT

' DBG/0.3048 + 0.5

NDBG =
UBG = 0. A
po 110 IJ=1,NDBG .
110 UBG=UBG*+1. /(1 /UIJ(IJ)+FIHSB}
HBG = ABG*UBG/NDBG .
C ) : . , ‘
'C BASEMENT WALL ABOVE GRADE HEAT TRANSPER
o
HBUG = AUG/ (BBASW¢RINEB)
C .
¢ BASEMENT SLAB HEAT TRANSFEN
N C R .' ot - .
HSLB = ASLAB/RSLAB
cl‘ : ‘
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TOTAL BASEMENT HEAT TRANSFER

HBAé = HBG+HBUG+HSLB
HALL.HEAT TRANSFER

HWALL = AHALL*(((1.-PEFH)/(HHALL+HIHSH))+PERH/(RHALL+RHO0DH))
CEILING HEAT TRANSFER 1 |

-HCEIL = ACEIL*(((1.-PERC)/(RCEIL+RINSC)) +PERC/ (RCEIL+RWOODC))

DOOE HEAT TRANSFER

4 1

HDOOR = ADOR/RDOR
yINDOH HEAT TRANSFER
HHI& = AWIN/RWIN
TOTAL FABRIC HEAT TRANSFE#
HFAB = HBAS+HWALL+HCEIL+HDOOR+HWIN
INFILTRATION HEA@ITRANSFER
HINF = 0.361111%VINF*ACHG
TOTAL HEAT fPANSFER'OF THE DWELLING
HTRANS = EFAB+HINF

END OF BASIC PARAMETERS CALCULATIONS, PFINT THE NUMBERS FOR
CHECK ING PURPOSE ! .

WEITE (6,2000) :

IF (IOFF .GE. ION)} WRITE (6,2010) MON(IMMS),IDDS,MON (IMME),IDDZ
IF (IOFF .LT. ION) WRITF (6,2020) MON(IMME),IDDE,MON (INMS),IDDS
WRITE (€,2025) NTYPE

WRITE (6,2030) HBG,HBUG,HSLB . ‘

WRITE (6,2040) HWALL,HCEIL,HWIN,HDOOF,HPAB,HINF, HTRANS

.CALCULATION OF THE DAILY WILD HEAT GAIN

TLOAD = 0,

OMIN = 10.0E 10

DO 120 IK=1,24 . ,

IF (ULOAD (IK) .LT. UMIN) UMIN = ULOAD(IK)

TLOAD = TLCAD+ULOAD (IK)
UAMIN = (UMIN-0.0035*TLOAD)/0.916€
DENON = TLOAD=24 ,*UAMIN

DO 130 IK=1,24
HWILD{IK) = HDA*(UOLOAD (IK)-UAMIN)/DENCHM
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550
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500

100

START OF LOQP

hY

DO 500 MONTH=1,12

READ IN HOURLY TEMP. AND SOLAR RADIATION DATA FOR NONTH 'MCNTH!
IHOOR = 1
KHOUR = NHRS (MONTH)
CALL VSRDR (DTA,KHOUR,10)
CALL VSRDR (DRD,KHOUR, 11)
START OF MONTHLY SIMULATION

¥D = NDAYS (RONTH)
DO 550 DAY=1,ND

CALCULATE THE DAILY SOIAR INTENSITY
SOLINT = 1.38-0. 9u *SIN (PI+#IDAY/365. +0. 0274%PT)
DO 600 HOUR=1, 24 :
IF (ICOUNT..GT. IOFF .AND. ICOUNT ,LE. ION) GO TO 650
CALCULATION OF PASSIVE SOLAP HEAT GAIN FOR THIS HOUR
HSOL = 0,68%SOLINT*DRD {THOUR) *AWIN
CALCULATION OF THE'SPACE HEATING REQUIRENENT FOR THIS HOUR
TDIF = 22,22-DTA (THOUR)
IF (TDIF .LE. 0.) GO TO €50
HLGAD (IHOUR) = TDIF*HTRANS—-HSOL-HWILD(HOUR)
IF (HLOAD (IHOUR) .GT. 0.} GO TO 700

REACHING €50 MEANING THAT NO ELECTRIC SPACE HEATING REQUIB”D
FOE THIS HOHE

HLOAD (IHOUR) = O.

ICOUNT = ICOUNT+1

THOUR = LHOUR+1

IDAY = IDAY+1

WEITE (9) (HLOAD{(IJ),IJ=1,KHOUR)
CALL OUTPUT (HLOAD,KHOUR,MON(MONTH))

STOP
END

SUBROUTINE OUTPUT (DATA,NP,MONTH)
DIMENSICN DATA (ND)

0. FORMAT ('1 *#*% HOURLY INCREMENTAL ELECTRIC SPACE HEATING DEMAND',

1 1 IN WATTS POPR ', AU,? *%*%!//%' DAY HR ')
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1010 FORMAT (1%,I3:!
J1=1
J2=24
NDAYS=NP/24 .
WRITE (6,10 MONTH
DO 10 IDAY=Y,NDAYS
WRITE (6,1010) IDAY, (DATA(J},Jd=J1,J2)
J1=31+24
10° J2=J2+24
PETURK
END

1;12',12F10.2/ux;' 13-24°,12710.2)

SUBROUTINE VSEDR {DAT!
DIMENSION DATA (NP)
READ (LUR) DATA .
RETURN '

END

«NP,LUR)

SUBROUTINE DEFINE (KTYPE)

- .

C SUBFOUTINE TO PERFORM THE TASK OF CMS FILE DEFINITION
g C .

REAL*S FNAME,FMODE,DDNAME

DIMENSION FTYPE(2) -

DATA FNAME/*HEATLOAD'/,FMODE/*E'/,DDNAME/' 091/

DATA FTYPE (1)/'TYPE'/

' CALL CONCAT (FTYPE {2} ,NTYPE)

CALL DEF ‘(FNAME,PTYPE, FMODE,DDNANE)

RETURN ]

END

SUBROUTINE CONCAT (CHAR,NTYPE)
C

C SUBROUTINE TO CONVERT A NUMBER TO A CHARACTER
C
LOGICAL*1 CHAR,DIG
DIMENSION DIG(10),CHAF (4),NUM (4)
DATA DIG/'0', " 11,720 930 b4t 50 vgr 070, 180 191y
NUMBER = NTYPE '

NUM (1) = NUMBER/1000.
NUMBER = NUMBER=-NUM (1) *1000
NUM (2} = NUMBER/100.

NUMBEE = NUMBER-NOM(2) *100
NUM(3) = NUNBER/10.

NUM(4) = NUMBER-NUM (3) %10

DO 1000 I=1,4

NO = NUM (I)+1

.60 TO (10,20,30,40,50,60,70,80,90,100), NO
10 CHAR(I) = DIG(1)

GO TC 1000
20 CHAR(I) = DIG(2)

- 176 -



HAN|

30
8o
50
. 60
70
80
90

100
100

annNnNnNnaonNnaoOonOaanNnano

5
99

40
c
c
C

HJ ‘ .

GO TO 1000 .
CHAR (I) = DIG(3) _ g
GO TO 1000 . X ' .
CHAR({I) = DIG(H) ' ) )
GO TO 1000 _
CHAE (I) = DIG(S) | : :
GO TO 1000 _ -
CHAR (I) = DIG(6) o
GO TO 1000
CHAR (I) = DIG(7)
GO TO 1000 ' o
CHAR({I) = DIG(8) ) ' | i
GO TO 1000
CHAR(I) = DIG(9)
GO TO 1000
CHAR(I) = DIG(10)

0 CONTINUE

. FETURN
END

SUBROUTINE READIN (ARRAY,NUMVAL)

SUBEOUTINE READIN PERFORMS THE FUNCTION OF FREE PORMAT PREADING FRON
LOGICAL UONIT LUR. THE VALUES TO BE READ IN (FROM 80 CHARACTEF

FECORDS) CAN BE IN ANY FORMAT. THEY MTWST BE SEPERATED BY ONE OP MORE

COMMAS AND/CE BLANK SPACES. E _FORMAT IS PERMISSABLE. THERE MUST BE
A DECIMAL POINT. AND AT LEAST ONF NCN=-ZERO DIGIT BEFORE THE E.
MULTIPLE DATA RFCORDS WILL BF READ IF NECESSARY. THIS PROGFAM WAS
OFIGINALLY ADAPTED FROM FCHART,

BY : S. CHAN

DEPT. OF ELECT. ENG,
UNIV. OF OTTAWA

DATE : 01/07/81
VERSICGN : 01

INTEGER E, DATAR

DIMENSION ICARD(82),APRRY(1),IDIG(10)

DATA IDIG/1HO, 1H1,1H2, 1H3, 1H4, 1H5, 146, 147, 1H8, 1H9/
DATA IBLK/1H /,Icon/1H./.IDp/1H./,NS/1H-/.E/1HE/,IPLUS/1H+/
DATA ICARD(1)/1H /,ICARD(82)/1H /,LUR/S/,LUN/8/
INIT=0

J=1

FEAD (LUR,99) (ICAPD (I} ,I=2,81)

FORMAT (80A 1)

IP(INIT.NE.0) GO TO 41

DO 40 M=1,NUMVAL

ARRAY (M) =0.0

IF IPART=1, PROGRAM DETECTS DIGITS PRIOF TO DECIMAL POINT.
TF IPART=2, PROGRAM DETECTS DIGITS AFTEF THE DECIMAL POINT,.
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C IF IPART=3, PROGRAM DETECTS DIGITS IN  E-FORMAT EXPONENT.
C
41 IPART=1 +
c
C SIGN1 IS THE SIGN OF THE MANTISSA OF THE NUMB2R RZAD IN.
C SIGN2 IS THE SIGN OF THE EXPONENT COF THE NUMBER READ 1IN,
C ‘ : :
SIGN1=1.0
SIGN2=1.0
FX=0.0
PO €0 K=2,82
IF (ICAED {K) . NE.IBLK. AND. ICARD(K) ‘NE, ICOM)GO TO 42
IF (ICARD (F~1) . NE,IBLK.AND.ICAPD (K= 1) .NE.ICON)}GO TO, 58
GO TO €90
42 G0 TO (43,50,54) ,IPART
43 IF(ICAED(K).EQ.IPLUS)GC TO €0
IP (ICARD{K).NE.NS)GO TO ut
SIGN1=-1,0 \
GO TO 60 ‘
.4y IF (ICARD(K) .NE,IDP)GO TO 45
- IPART=2
LD=0
.GO.TO 60
4s PO u4é ¥=1,10
IF (ICAERD (K).EQs IDIG(N))GO TO0 47
46 CONTINUE
. GO TO 65
u7 ARRAY (J) =ARRAY {J) *10. O+FLOAT(N 1)
. GD TO 60
50 IF(ICAFD(K).NE,E)GO TO 51
IPART=3
GD TO 60
51 DO 52 N=1,10 ‘
IF (ICAEKD(K).EQ.IDIG(N))GO TO S3
52 CONTINUE
GO TO €5
53 LD=LD#+1 .
ARRAY(J)-ARRAY(J)+PL0AT(N 1) %10, 0% % (-1D)
GO TO 60 ,
54 IF (ICAED(K).EQ.IPLUS) GO TO €0
IF (LCARD (K).NE.NS) GO TO S5
SIGNZ=-1.0 *
‘GO TO 60
55 DO 56 N=1,10
IF (ICAED (K) . EQ. IDIG(H])GO TO 57
‘56 CONTINUE
» GO TO 65
57 EX=EX*10.0 +FLOAT (N=-1)
GO TO 60 :
58 ARBAY (J) =SIGN1*ARRAY (J) *10.0%* (SIGN2*EX)
IF (J.LT.NUMVAL)GO TO 59
RETUPRN
59 J=J+1
SIGN1=1.0
!
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60
€5
68

1100
1200

SIGN2=1.0
IPART=1

FX=0.0

CONTINUE .
INIT=1.

GO TO 5
IF(J.GT.1) GO TO 68
WRITE(LUW,1100)
J=1

INIT=0

GO TO 5

HRITE(LUH;1200)J,NUHVRL,ARBRY(J-1)

INIT=1
ARRAY(J)=0.0
GO TO 5

FORMAT (' INPUT ERROR,
FORMAT (* INPUT EEFOF,

* IN A SEQUENCE OF
FND

\

‘W I3,/

- 179 -
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ELECTRIC_LOAD DATA PROCESSING FROGRANM

This program combines the hourly electric space heating

demand data files generated by the‘electric space heating

load calculation ﬁrogram with the historic-hourly 1loads to

determine the total system demand for electfic heating.
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TLECTRIC LOAD DATA PEOCESSING PROGRAM

THY FUNCTICN OF THIS PROGRAM IS 70 COMBINE THE HOURLY INCREMENTAL
-ELECTRIC SPACE HEATING DEMAND DATAR FIL®ES GENERATED .BY ''HE ELECTRIC
SPAC® HEATING LOAD CALCULATION PROGRAM WITH THT HISTORIC HOURLY
LGADS TO DETETHINE THE TOTAL SYSTEM DFMAND.

UPON EXECUTION, .THE PROGRAM ASKS THT USFR T0 INPUT THE NO. OF
HOUSEHOLDS WITH ELECTRIC SPACE HEATTNG FOR TACH TYPE OF DWELLINGS,
AND THE PEAK DEMAND WITHOUT FELECTRIC HEATTNG FOR THY SAME YEAGE.

THE ‘PFCGRAM THFEN CALCULATES THE HEATING STPATEGY MODIFIED TOTAL
HOWRLY LOADS BY ADDING THF HOUSLY TNCREMPNTAL ELECTRIC SPACE
HFATING DEMAND TC THE HISTORIC HCURLY LOADS, A SORTING ROUTINE IS
THEN USED TO CONVERL.THE MODIFTED AOURLY LOADS TO AN LOAD DURATTON
CUSVE AND GENREATE AN OUTPUT FILE FCR INPUT TO THE GEINERATION
PLANNING PREOGRAM (WASP-2)., A PLOTTING FOUTINE CAN BE USFED FOR
GRAPHTCAT DISPLAY OF THE DATA. '

FILES USED IN THE PFOGERM :

- TERMINAL INPUT:

- TFRMINAL OUTPUT OR FILE QUTPUT (FOR TTYBOGGING)

- TEFMINAL OUTPUT . A

- HOURLY INCFFMENTAL ELECTRIC SPACE HTATING DEMAND DATA FILE
- FOF DWELLING TYPE & 1. : | : ‘

10 - SAME MS 9 BUT FOR TYPE # 2.

11 - SAME AS 9 BUT FCR TYPZT # 3. ‘

12 - SAFT RS 9 BUT FOP TYPZ & 4, , ; ) o : oo
13 - HBISTOFIC HOUFLY LOADS INDPOT -

14 - OUTPUT FILE FOR INPUT T0 THF GENFRATION PLANNING PROGRAM

(WASP-2).,

OO

w
g
an

‘5. CHAX .
- DEPT. OF ELECT. ENG. -
MNIV. OF OTTAWRA '
DATE : C1/07/81

VERSION : 01

oo RN RsNoRaNoRs N R Re R NN No RN e N Ke Ne e Ke Xs R Ra e Ne Ee K R e Re s Ra Ka N e Ra K

DIMENSICN HL3AD(750), SLOAD(750) ,HEAT1(750) ,HEAT2(750) ,HFAT3 (750},

1 " HEATY (750) ,XP {750}, YP(75C) ,XP1(750) ,¥P1.(75)), IMON (12},
2 IWK (12) ,NHRS (12) ,PKMON (15) , ARRAY (6) ,JWEEK (4)
. EQUIVALENCE (HEAT1(1) XP(1)), (HEAT2(1},¥YP (1)), (HEAT3(1) ,XP1(1)),
1 (KEAT& (1) ,YP1 (1))

DATA IMON/12%0/,IWK/12%0/,JWFTK/0,168,336, 504/
DATA NHES /744,672 ,744,720,744,720,744,704,720,744,720,744 7

1000 FCRMAT (' ZNTER THE PROCESSING YEAE') :

1010  FCRMAT (' ENTER THE BASF CASE PEAK DEMAND (MH) FGR EACH MONTH')

1015 FCRMAT (' EINTER THE DWELLING TYPE NO.!)

1020 FORMAT (' ENTER THF NO. OF ADDITIONAL HOUSEHOLDS WITH ELFCTRIC!
1 ' SPACE HFATING AND'/' THE PFECENTAGEZ DISTRIBUTION OF?,
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- C

2 + ' EACH TYPE') : -
1030 FORMAT (' ENTER THE NO. OF PLOTS TC BE PRODUCED') .
1040 FOPMAT (* FOF PLOT #',I3,', ENTER WFEK,MONTH'")
1050 FCORMAT (' WEEK = ',I2,' TS TMVRALID, PLEASE PE-ENTER')
1760 FORMAT (! HON?H,= ',I3,' IS INVALID, PLTASFE RE-ENTER')

C THIS SECTION CF THE PROGRAM IS FOF INPUT CP DATA
C .

WEITE (8, 1000)

CALL PEADIN (ARRAY, 1)

JAHR = AREAY(1) +0.5

WEITE (8,1010)

CALL BFADIN (PKMCN,12)

WEITE (8, 1015)

CALL READIN (AFRAY,H4)

CALL INDEF (AREAY)

WEITE (8,1020)

CALL EFADIN (ARFAY,5)

NTYPE1 = AFRAY (1) *ARRAY (2) /100, 40,5
NTYPE2 = ARKAY (1) *APRAY (3)£1C0.+0.5

- NTYPR3 = AREARY (1) *ARRAY (4) /100.+0.5
NTYPT4 =

RERAY (1) *ARRAY (S5) /100, +0,5
WRITE (8,1030) : .

CALL FFADIN (AFRARY,1) .

NPLOT = AFFAY (1) +0.5 ' - -
IF (XPLOT) 100,710C,1190

PLOT IS RFQUIRED

-7

10 CALL INTPLO (NPLOT) ' . ‘ PR
YORG = 0. ) )
PC 120 TP=1,NPLOT o
150 WRITE (8,1040) 1IP
CRLL RTADIN (ARRAY,2)
IWNFEK = AKRRAY (1) +C.5-
TMONTH = ARRAY(2) +0.5
IF (IWEEK.GT.O0 .AND. IWNEBFK.LF.4) G6C TO 130
WEITF (8,1050) IWEEK
GO TO 150
130 TF (TMONTH.GT.O .END., IMCNTH.LT.12) GO TC 140
WRITF (8,1060) IMONTH
GO TO0 150

REACHING 140 MEANING THAT THE 'THPUT IS CORRECT

20N

40  IMON (IMCNTH) = 1
THWK (TMONTH) = IWEEK
120  CONTINUE
C
C STAKT OF ANNUAL SIMULATION
C .
100 CALL WASP (XP,YP, 1,PKMON,PEAK,JAHE, 1)
L0 160 MONTH=1,12
NH = NHRS (MONTH)
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PKMW = DKMON (MONTH)

FEAD IN DATA FILES

aan

CALL VSFDR (HLOAD,NH, 13)
CALL VSRDR (HFAT1,NH,9)

- CALL VSEDE (HEAT2,NH, 10)
CALL VSRDR (HEAT3,NH,11)
CALL VSPDR (HEATU,NH, 12)

S Ee NS

MERGE ALL DATA FILES HEEFE

DO 170 IH=1,8H
ELOAD (TH) = PKMW*HLOAD (IH)

170 SLOAD(IH) = HLGAD (IH) +1,0E-06* (NTYPE1*HEATI (IH) +NTYPI 2%
1 HEAT2 (TH) +NTYPE3*HFAT3 (IH) +NTYPRU®HEATY (I H) )

)

PLOT OF LCAD VARIATION REQUIRFD ?

O Ne Kp

IF (IMON(MONTH) LED. 0) GO To 180
REACHING THIS PGINT MEANING THAT THE PLOT TS RFQUIRED

NOW FIND CUT WHICH WEEK N\

i

N aon

ISTAFT
PKWZER
DO 190 IK=1,1¢€8

XP (TK) = FLOAT(IK)
YP(IK) = HLOAD(IK+ISTART)

JWEEK (INK (MOCNTH) Y
0.

FIND THE BRFAK DEMAND FOF THIS WFTK

IR eS|

IF (YP(IK) .GT. PKWPEK) PKWFFK = YP (IK)
190 CONTINUT (

DG 181 IK=1,1€8
191 YP (IK) = 100.C*YP (IK) /PKWNEEK

C ’ .

C INITTALTIZF THS CALCOMP PLOTTEP FOR PLOTTING

c , .
CRLL INICUR (XORG, JAHR, MONTH, IWK(MONTH), PKWEEK)
XORG = 2€. :

c - .

C PLOT THE BASE CASE LOAD VARIATION

[
CALL CHRPLC (XP,YDP,168,0)

- _

C NOW THE MODIFIED LOAD VARIATICN

C

DO 210 IK=1,1¢8
210 - YP(IK) = 100, 0*SLOAD (IK+ISTAET) /PKWEEEK -
CARLL CUFRPLO {XP,YP,1£8,2)
C
C NOW CONVEET THE HOUELY LOADS TO AN LOAD DUPATICN CURVE .
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c ‘ . ‘
C TFIRST, CONVERT THE HISTORIC HCUORLY LOADS.
c .
) CALL BUBBLE (HLOAD,NH) :
CRLL LOAD (HLOAD,XP, YP NH, NLDC PK1)
C . ) .
C  NOW INITIALIZE THE CALCOHP‘PLOTTER FOR PLOTTING OF THE LDC
c

CALL INILDC (XORG, JAHR, MONTH, PK1)
DO 220 IK=1,NLDC .
XP(IK) = 100.0%XP (IK)
220 YP(IK) = 100.0%YP (IK)
CALL LDCPLO (XP,YP,NLDC)
C . v
C NOW DO THE SAME PGR THE MQDIFIZD HOUELY LOADS
C | L
180  CALL BURBLE (SLOAD,NH)
CRLL LOAD (SLOAD,XP,YP,NH,NLDC,PK2)
PKMON (MONTH) = PK2

c B

'C  PLOT PREQUIRED ? o A ;

C ] . : g
IF (IMCN(MONTH) .EQ. 0) GC TC 230 !

C

C REACHING THIS POINT MEANS PLOT RTQUIFFD

c ‘

FACT™OR = PK2/PK1
DO 240 TK=1,NLDC
XP1(IK) = 100.0%XP(IK)
240 YP1(IK) = 100.0*FACTOR*YP (IK) )
. CALL LDCPLC (XP1,YP1,NLDC) b

c _ ,
~' TIC MANY PCINTS FOR WASP-2, SFLECT A FEW OWLY

c :

230 CALL SFLECT (XP,YP,NLDC)

c .

C CQUTPUT TN WASP-2

C r L

160 CMLL WaspP (XP,YP,NLDC,PKMON,PEAK,JRHF,2)

o > . . .

C ¥ND OF LDE PROCESSING, NOW CALCULATE THE PERIOD PZAK LOAD A5
C A FFACTION CF AMNUAL PEAK ‘

C .

CALL STPPLO (NPLCT)

PFAR = 0. N

DO 250 IK=1,12

250 IF (pxncu(fx; .GT, PEAK) PEAK = PKMON(IK)
DC 2€0 IK=1,12 : .

260 PKMON (TK) = PKMON (IK) /PEAK

o

C CQUTPUT TC WASP=-2

c _

CALL WASP (XP,YP,1,PKMON,PEAK,JAHR,3)
STOP
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" EKD

SUBROUTINE VSEDR (DATA,NP,LUF)
EIMENSTION DATA (KP)

PEAD (LUR) DATA '

RTTUEN

END

AN

SUBROUTINL WASP (X?P,YP,NLDC,PKMON,PEAK,JAHE,NCNTRL)
C . -

C * ROUTINE TC GENIRATE AN OUTPUT FILE FCP INPUT TO WASP-2
c . .
INTEGSF CNE,TWO,THREE

DINENSION XP(NLDC}, YP(NLDC),PKHON(12)

DATA ZERO/0./, ONE/1/,THO/2/,THQEE/3/

17000 TORMAT (F8.1,16,66X)

1010 FOERMAT (I4,74X)

1020 TORMAT (10F8.6)

C -

GC T (100,200,300), NCNTRL

100 CONTTINUT Y
CALL OUTDEF (JAHF)

DEFIFE FILE 14(30¢,80.,E,NEXT)
NEXT = 1

WPITE (14'NEXT,1000) ZERO,JAHP
WRITE (14'NEXT,1010) TWO

FETUPN

C - .

200  WRITEF (14'NFXT,1010)} NLDC »
WRITE (14'NEXT,1020) (XP({I),AP(I),I=1,8LDC)
RETURK :

c

300 WPITE (14 ¢'NEXT,1010) THREE
NEITE {(14!'NEXT, 1020} (pKMON(IL,&=1742)
WRITF (14'NEXT,1010) ONT '
ENDPTLE 14
WRITE (14'1,1000) PEAK,JAHF
RETUEN '
END

SUBEOUTINE OUTDEF (JAHR)
c .
C SUBROUTINF TO PEEFOEM THE TASK OF CMS FILE DEFINITION
c

- FEAL*8 FNAME,FMODE,DDNAME

DINENSION FTYPE (2)

DATA FNAME/'LDC'/,FMODE/'E'/,DDNAME/' 14/

DATA FTYPE (1) /*YEAR'/

CALL CONCAT (FTYPE(Z),JAHR}
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CALL DFN (FNAHE FTYPE, FNODE,DDNANE)
FETURN '
END

SUBROUTINE INDEF (ARRAY)
C : , .
C SUBFOUTINE TC PERFORM THE TASK OF CNS FILE DEFINITION
C .
PEAL*8 FNAME,FMODE,DD,DDNAME - “
. DIMENS ION Aaanr(u;,nn(u} FTYPE (2)
DATA FNAME/YHEATLOAD'/,FMODE/'E! /,FmYpE(1)/-rrpE'/
DATA DD/'09',t10t,* 11", -12'/
‘DO 100 I=1,4
ITYPE = ARBAY(I}+0.5
CALL CONCAT (FTYPE(2),ITYPE)
DDNAME = DD(I)
100 CALL DEF (FNAME,FTYPE, FMODE, DDNANE)

FETURN

END

SUBROUTINE CONCAT (CHAR,JAHP)
c .
C SUBFOUTINE TO CONVERT A NUMBER TO A CHAPACTER
. C
LOGICAL*1 CHAR,DIG
DIMERS ION DIG(10},CHAR(U),NUN(H) .
DATA DIG/'O' .1' '2' l3l lul lSl IE"I7I'!81'|9|/

NUMBER = JAHR

NUM(1) = NUKBER/1000.

NUMBER = NUHBER-HUH(1)*100Q//

NUM(2) = NUMBER/100. B A
NUMBER = NUMBFR- NUH(Z)*TG6 A :
 NUM(3) = NUMBER/10.

NOW(4) = NUMBER-NUM (3} %70

DO 1000 I=1,4
NO = NUM(T)+1 .
6o TO (10,20,30,40,50,60,70,80,90, 100) , NO

10 CHAR(I) = DIG(H
GO TO 1000 :

20 CHAR(I) = DIG(2) -
GO TO 1000

30 CHAE (I) = DIG(3)
GO TO 1000

40 - CHAE(I) = DIG(4)
GO TO 1000

50 CHAR(I) = DIG(5)
GO TO 1000

€0 CHAR (I} = DIG(€)
. GO TO 1000

70 CHAR (I) .= DIG(7)
GO TO 1000

80 CHAR(I) = DIG(8)
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GO TO 1000 ] :
90 . CHAR (I} = DIG(9) T A
" G0 TO 1000 -
100 CHAR(I) = DIG(10)
1000 CONTINUE .
RETURYN
END

SUBROUTINE BUBBLE (ELQ&D{Nf

BUBBLF SORT d

N0

INTEGRR N,COUNT,BOTTOM,EXCH,CURRNT
DIMENSION ELOAD(750)
BOTTON = N
1 IF (BOTTOR .LE. 1) GO -TO 99
EXCH = 0 -
CURRNT = 1
2 "IF (CYRRNT .GE. BOTTOM) GO TO 98 '
IF (ELOAD(CURRNT) .GE. ELOAD(CURRNT+1)) GO TO 97
. TEMP = ELOAD (CURRNT) _
. ELOAD(CURRNT) = ELOAD (CURBNT+1)
FLOAD(CURRNT#1) =" TEMP
. FXCH = CURRNT
97 CURRNT = CUERNT + 1

GO TO 2
98 BOTTON = EXCH
GO TO 1
99 RETURN
: END -

SUBRCUTINE LOAD (ELOAD,X,Y,N,NLDC,PKHMW)

I'DC GENERATOR

anon

DIMENSION ELOAD(750},%(750),Y({750)

SU¥ = 0.0 :

PKMA = ELOAD(1)

PO 100 I=1, N '
100 ELCAD(I) = ELOAD(I} / PEMW

"TIME = 1.0”’\

NLDC = 1 o h
J =1 :
430 1IF (J .GE. N) GO TO 200 "

IF (ELOAD{J) +BQ. ELOAD(J+1)) GO TO 120
- ¥(NLDC) = TIME / N L
Y(¥LDC} = ELOAD(J)

NLDC = NLDC + 1
120 TIME = TIME + 1.0

J = J +

GO TO 13

200 x(1 = 0LO

<
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200

300

nann aOa0n

e NeXel

(1 = 1.0

X(NLDC) = 1.0
Y(NLDC) = - ELOAD(N)"
'RETURN

END

s

SUBROUTINE SELECT kX,Y,HLDC)
1DC GENERATOR (SUPPLEMENT TO SUBROUTINE LOAD)

DIMENSION X (750),Y (750),XTEMP (100) ,YTENP (100)
CHECK=1.005 : ' :
NPTS=0 - '

DO 100 I=1,NLDC .

IF (Y(I) .GT. CHECK) GO TO 100
KPTS=NPTS+1

XTENP (NPTS}=X (D)
YTEMP(NPTS) =Y (I)
CHECR=CHECK=0.01

CONTINUE

PO 200 I=1, NPTS

X (I) =XTEMP (I)

Y (I) =YTENP (I)

IS X(NPTS) = 1.0 ?

IF (X (NPTS) .EQ. 1.0) GO TO 300

NPTS=NPTS+ 1

X(NPTS)=1.0

Y (NPTS) =Y (NLDC)

NLDC=NPTS ,

RETURN . -
END

" SUBROUTINE INIPLO (NPLOT) .

... SET UP THE PLOT SIZE ...

CALL PLOTS (52.0%NPLOT , 27.5)

e« SET THE ORIGIN, RFSERVE 2 CH MAFGIN POR AXIS ...
C‘ALL ELOT (2.0 ’ 2.0 F _3)

es «. USE BLACK PEN POR SUBSEQUENT PLOT ...

CALL NEWPEN (1)

PETURN

BN D

L

SUBROUTINE INICUR (XORG, JAHR, MONTH, IWEEK, PKWEEK)
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O ann

ann

0o

O 00

s Ne e R NoReNe! s N2 Ne!
. o
(=]

s ReKe!

200

- CALL NUMBER (X

ves THIS PRdGBAH@INITIALIZES THE CALCOMP PLOTTER FOR PLOTTING ...

e+ RE=-SET THE NEW ORIGIN .
CALL PLOT (XORG , 0. , =3)
L] DRAH THE X-AXIS P )
X = 0.0
XVAL = 0.0

-001' "'0-‘36'
CALL PLOT ( X, 0.0, 3
DO 100 I=1 , 14
ee. MOVE TO THE NEXT TIC MA

X =X + 1,2
XVAL = XVAL + 12,

CALL PLOT ( X, 0.0, 2)

«++ DRAW THE TIC MAERK ...
CALL PLOT ( X ,.0.15 , 2
«+e¢ DRAW THE NUHBéR BELOW T
CALL NUMBER (X-0.1, =0.36,
+eeo MOVE TO THE LAST TIC MA
CALL PLOT ( X, 0.0; 3

s+ DRAW THE TITLE ,.. .

CALL SYMBOL (7.7, ~(.78, 0.
CALL PLOT (0.0, 0.0, 3)

«e+ NOW THE Y-AXIS ...

Y = 0.
YVAL = 0,

-CALL NUMBEFP (-0.15, Y=0.1,

CALL PLOT (0.0, Y, 3)
ro 200 I=1, 15
Y=Y+ 1,5

YVAL = YVAL + 10.0
CALL PLOT (0.0, Y, 2)
CALL PLOT (0,15, Y, 2)
CALL NUMBEP (-0.15, Y~0.1,
CALL PLOT (0.0, Y, 3)
VJAHR = FLOAT (JAHR)
VMONTH = FLOAT (MONTH)
VWEEK = PLOAT(IWEBEK) .

.= 189 =

0.21, XVAL, 0.0, -1}

FK WITH PEN DOWN ...

HE TIC MAPK .,.
0.21, xvar, 0.0, -1)

RK WITH PEN UP ..,

28, SHHOURS, 0.0, 5)
0.21’YVAL' 90., -1)

0,21, YVAL, 90., =-1)



000

000N

100

NOnMmon

anao

O N0

CALL SYMBOL (-0.50, 10., 0.28, SHLOAD (%) . 90.,'8)

——

CALL SYMBOL (8.5, 21.5, 0.28, 7HYEAR = , 0., T)

CALL NUMBER (10.5, 21.5, 0.28, VJAHR, 0., =1)

CALL SYMBOL (8.5} 20.5, 0.28,\BHMONTH = , 0., 8)

CALL NUMBEE (10.8, 20.5, 0.28,\VMONTH, 0., =1)

CALL SYMBOL (8.5, 19.5, Q.28, 7THWE e Oue 7).

CALL NUMBER (10.5, 19.5, 0.28, vw%gigiﬁ.. -1}

CALL SYMBOL (8.5, 18.5, 0.28, 12H100% LOAD = ,.0., 12}
CALL NUMBER ({12., 18.5, 0.28, PRWEEK, 0,, =1) '
CALL SYMBOL (13.5, 18.5, 0.28, 2HM¥, 0., 2)

RETURN '

END

SUBROUTINE CURPLO (XVEC, YVEC, NPTS, ISY)
DIMENSION XVEC (NPTS), YVEC (NPTS)

... MOVE TO THE FIRST POINT WITH PEN UP ...
CALL PLOT (XVEC(1)*0;1, YVEC(1)*0.15, 3)
«e. START PLOTTING ...

DO 100 I=1, NPTS.

XVAL = 0.1 * XVEC(I)
YVAL = 0.15 * YVEC (I)

-CALL PLOT (XVAL, YVAL, 2)

CALL SYMBOL (XVAL, YVAL, 0.14, ISyYM, 0.0, 41)
RETURK ‘
END

SUBROUTIWE INILDC (XOFG, JAHR, MONTH, PKMW)
eeo THIS PROGRAM INITIALIZFS THE CALCOMP PLOTTER FOR PLOTTING ...
+es RE=SET THE NEW ORIGIN ...
] .
CALL PEOT (XOBG , 0. , -3)
') DEAH THE X"AKIS P
X = 0,0 .
XVAL = 0-0 ¢ b
CALL NOMBER (X-0.1, -0.36, 0.21, XVAL, 0.0, =1)
CALL PLOT ( X, 0.0, 3) :
DO 100 I=1, 10
ws. MOVE TO THE NEXT TIC MAEK WITH PEN DOWN ...
¥ =X + 1.5

XVAL = XVAL + 10.
CALL PLOT ( X, 0,0, 2)
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00
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CALL PLOT (XVEC{1)*0.15, YVEC(1)*0.15, 3)

s w DRAH.THE TIC MARK ..

CALL.PLOT (X , 0.15 , 2 ) .

«es DEAW THE NUHBER BELOW THE TIC MAPRK ...

CALL NUMBER (X-0.1, =0.36, 0.21,  XVAL, 0.0, =1)
... MOVE TO THE LAST TIC MARK WITH DEN UP ...

CALL PLOT ( X, 0.0, 3)

«++ DFAW THE TITLE ...

CALL SYMBCL (5.8, -0.78, 0.28, 12HDURATION (%), 0.0, 12

CALL PLOT (0.0, 0.0, 3)
esee NOW THE Y-AXIS s

Y = 0.

VAL = 0.

CALL NUMBER ({-0,15, ¥Y-0,1, 0,21, YVAL, 90,., -1)
CALL PLOT (0.0, Y, 3)

0o 200 I=1, 15

Y=9¢%+ 1,5 .

YVAL = ¥YVAL + 10,0

-€ALL PLOT (0.0, Y, 2)

CALL PIOT (0.15, Y, 2)

CALL NUMBER (~0.15, Y-0.1, 0.21, YVAL, 90., ~-1)
CALL PLOT (0.0, Y, 3)

VJAHR = FLOAT (JAHR)

VMONTH = FLOAT (MONTH)

CALL symBCL (-0.50, 10., 0.28, BHLOAD (%), 90., 8)
CALL s¥YmBQL (7.5, 21.5, 0.28, 7HYEAFr =, 0,, 7}
CALL NUMBER (9.5, 21,5, 0.28, VJAHR, 0., -1)

CALL SYMBOL (7.5, 20.5, 0.28, 8BEHMONTH = , 0., 8)
CALL NUMBER (9.8, 20.5, 0.28, VMONTH, 0., -=1)

CALL SYMBOL (7.5, 19.5, 0.28, 12A100% LOAD = , 0.,
CALL NUMBER (1t., 19.5, 0.28, PKMW, 0., =1)

CALL SYMBOL {12.5, 19.5, 0.28, 2HMW, 0., 2)

FETURN

END

N

SUBROUTINE LDCPLO (XVEC, YVEC, NPTS)
... THIS PROGRAM PLOTS THE LDC ...
DIMENSION XVEC (NPTS), YVEC (NPTS)

«e+ MNOVE TO THE FIFPST POINT WITH PEN OP ,..
™
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aonnon

sse START PLOTTING ...

DO 100  I=1, NPTS.

CALL PLOT (XVEC(I)*0.15, YVEC(I)*0.15, 2)
CALL PLOT (XVEC(NPTS)*0.15, 0., 2)
EETURN '

END - .

SUBROUTINE STRPLO (NPLCT)

«es THIS PROGRAM STOPS THE CALCOMP PLOTTER ..
IF (NPLOT .EQ. 0) RETURN

CALL PLOT (0., 0., 999)

RETURN
END
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