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ABSTRACT

™

Ly
This dissertation develops an eneré} planning model for the

province of Ontario. The ‘model 1§ a single pericd model
with a target year of 2021 and uses linear programming to
minimise the total annualised costs of meeting a set of . -~
exogenous end-use demands subject to techno-economic </r~
constraints that descrlbe the energy system of the province
of Ontarro*Q{The model includes a comprehensive detailed

description of fuels and technologies of secondary

conversion and end-use. The process approach, used to

model the energy system extends up to the end-use stage.

The model allows for both expértg and imports of primary

and secondary fuels. Other features include_modelling of
the petroleum gefinery and the electric sector.

Three scenarios, namely, bése, low and high energy
demand were deﬁelopgd. To demoﬁstrate the use of the modé&
in addressing policy issues, sevérallpolicy @gsues wére
examined. &

Some of the important conclu51ons drawn from this study
are the follow1ng. In the residential sector natural gas
is the optimal fuel for space heating for houses. Further;
a reduction itéelf in space heating demand brought about by

Y
\
building better designed houses is cost effective. 1In the

vi



A

‘transportation sector, electric cars and cars fuelled by

]
compressed natural gas together with gasoline and diesel

fuelled cars make up the total demand for cars. his
reduction of "top of the bgrrel" dé%%hd permits refineries
of lower complexity to operate, thereby reducing overall

costs. In the electrical sector, there is an increase in

. ) /
the share of nuclear generation.

Thq model has been created using WATEQ%FjWaterloo
~ ) : : :
Energy Modelling System), which provides a very simple and

user—friendly environment for data entry, changes to the

structure and in running different scenarios.

| %
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\ CHAPTER I

INTRODUCTION A
— , T

The design.of an energy planning framework is extremely
broad-based and complex.l Thqﬁéxperiqpce of the last
fifteen years has clearly shown that decisioﬂs regarding
the energy sector have profound implications ?n the
economy . Furthe?, the production, transportation,.
conversion and end-use of all forms of energy have varying
impacts on the natural environment. Therefore, ;
comprehensive energy planniﬁg framework should include the
.‘'energy, economic and environmental sectors: |

Each of these areas is complex in itself. Althﬁtgh
traditionally energy policy falls laréely in the do$ain of
economics, économetric techniques,/which are based largely
on. indirect statistical inference, have many gggwbacks when
used to model the enengy'sector:' Their reliaﬁce on
historic patterns not -only excludes new forms of energy,
but also the conclusions drawn from these models depend
largely on historic data bases which are often limited in
the ihformation they provide. Wassily Leontief, the world j&

famous economist, commenting on the growing undue use of

econometric models to describe various phenomena such as



!

the aboye type,\states (Leontief, 1971),

“...econo;Z:?TE work...can be generally characterized gé
an attempt to compensate for the glaring weakness of the
data base available to us by the widest 90551b1e use of
more and more sophisticated statistical techniques. )
Alongside the mohntlng pile of elaborate theoretical models
we see a fast- grow1ng stocit of gqually intricate
statistical tools. These are intended to stretch to the
limit the meager supply of facts." - -

Commenting on future directions for model-building in such
~applications, he further states,

"To deepen the foundation of our analytical system it
will be necessary to reach unhe51tat1ngly beyond the limits
of the domain of economic phenomena as it has been staked
out up to now. The pursuit of a more fundamental
understanding of the process of production inevitably leads
into the area of engineering sciences".

-

‘Keeping with the spirit of Leontief's vision, a model

the energy sector of Ontaric was developed. The model
yased on a process approach which describes all ehergy
attivities in phys%cal terms. Each activity is explicitly
represented by technologies that are backed ﬁp by an
extensive.data base. The energy system of Ontario is
described by a set of energy‘activities that start with the
extraction stage, followed by conversion, distribﬁt{on and
end~use‘utiiﬁsation. The description includes existing
energy types and technologies as well as alternative energy
forms and new technologies that are under consideration.

It is a single period model with a target year of 2021 that

T

uses linear programming to minimise the total annual
\
discounted costs of meeting a set of exogenous end-use

‘demands subject to techno-economic constraints that



describe the energy system of the province of Ontario. The

model's major features are :

1.

It includes a comprehensive description of fuels
and technologies of secondary conversion aﬁdf
end-use. As space heating and transpdrtation
sectors are of special importance to Ontario, both
these segtors have -a high level of detail.

Both 4hter-regional and féreign'tfade have been
considered exp;icitly for primary and secondary
energy, fuels. . - ggﬂ;

It incbrporates a simple refining submodel that is
embedded within the main model. This permits the
model to address substitutability of petroleum
products by alterna;ive fuels and‘their subseqguent
effeqt on the other petroleum products. ™

It inclgdes a submodel for the elettrical sector
that takes into accdunt the timiné:of electrical
demands and supply. This submodel is part of the
main model. '

Tﬁe model has been created using thé WATEMS
[Waterloo Enefgy Modelling System (fuller, 1987}]
framework. waﬂFMS is a tool for the creation_of a
broad class oé energy-econocmic glanning models.
Data entry is in a spreadsheet format; this in
itself makeé the input and alterations of model

structure and parameters very simple. Further,



W

A‘J

4

s . 3
computations for estimation of cost ‘amd demand

parameters have been incorporated within
spreadsheets, thus making the task of running and

documenting different scenarios very simple. -

The model can be used t study various policy issues. . A

S

base case scenario that|nepresents a most likely case has
been developed for the year 2021. In view of the

uncertainty that exists in dealing with the future the

model has been' run for a low and a high energy demand

s¢d%arlo. ‘Together, these three scenarios provide an
env1ronment to faw reasonably robust conclusions from

model results. For example, model results for' thelyear

2021, sh?ﬁ“g ace heating ﬁéing i}duced gas furnace is the
most opfimalgtébhno;ogy_for houses of the Intermediaﬁe
Solar type (a medium-high i?gulation house category in
current description). This result holds true for all three
scenarios and is therefore a robust conclusioq. Four
gﬁlicy'issues have been addressed here. These are a
.
moratorium on new nuclear power plants, increasing ,
electrical exports to the U.S., sensitivity of modei
results to oil prices and evaluating "soft" strategies for
space heatihg in houses. Results from the first study show
a decrease of‘electrical energy consumption due to an
increase in cost of electricity generation, as coal plants-

replace the otherwise would be new nuclear plants. This
”«

study, amongst other findings, highlights the usefulness of



-

\
—he

. o . - L

such a model in examining "issues, as the model takes into
: ) : !
acqgount the effects of changes _that occur in other sectorsﬁ

Que to changes in one seétor. The . setond study highlights

the vulnerablllty“ in increasing electrlclty exports when

- ¥ o

addltlonal investment in 1ncrea51ng electrlce} generation

is solely dedicated towards exXports. The third‘study gives

.rthé-changing picture of the trausportatioufseCtor with

[

increasing o0il prices.. For example, results ‘indicate a

trend of decreasi?g gasolihe fuelled vehicles with

+

_ iucreasing oil prices} the gap being filled by electric and

compressed uaturai gas fuer&ed.vehicles. Thls study

hlnglghts an important feature of the model namely,

-

_modelllng of the reflnery process, which permlts a

realistic study of substltutlon of some of the petroleum
products and thelr simultaneous effectsron the_refrnery.
The last study,shows'energy eonseruetien brousht about by
designing better built ﬁbuses; is cost effeétive,.thérefore
construction of R2000.house5,(e very high'insulated house
design) should be encourageq. The ebpve mentioned uolicy
studies are inuicative of the:wide range of'policy issues
that can be stuuied-using the moueru - :
The model adds to the existing modellihg effort i$¢
Canada in several ways. By itself, it\cen be-used to study

varlous pollcy issues such as those mentloned above.

Further, w1th .the recent development of an energy model for
s

Quebec, the 'two largest energy consuming provinces in

e
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Canada (Ontario-is the largest energy consumer followed by
Quebec)} have detailed energy models. Together, they both
form a major step towards the development of a

. . , . NI
multiregional model for Canada. The multiregional model

ﬁould not oniy beihational in scale but would also provide
detailed regional structurés. This major provision, absent
in n;tional models that have been built so far, not only
skews resilts of these models, but alsoc renders Ehem df

lfté&e use for regional energy planning. In Ontario

itself, a possible future link~u§ with the ecénomic demand

models devéloped at the Ministry of Energy Ontario (MEO)
. {or a varlatlon of these modelsk would take a large step 1g\R7

the dlrectlon of a comprehen51vg energy planning framework \\\
for the province. Further, submodels of the refinery and (
the electric sector éould_form building blocks for future
models. o
Chapter 2 describég a review of'energy planning models

described in iiteratufe and the contribution made by the
kmodel develoﬁéd here. Chapter 3 describes an overview of
WATEMS and the modifications and extensions that were done
in the course of creating and using the model. Chapter 4
describes thgisfructure of the model and the modelling
process using WATEMé. Also included are the descriptions
of computation formulae dedeloped for depermining costs and

end-use demands.  Data collection and transformation to the

form required for the base case {(a most likely scenario)} is



described in Chapter 5. Description of data input and the
input data spreadsheets are shown in Appendix A. Chapter 6
analyses model resulgs for the base case. Data assumptions
and analysis of model results for the low and hlgh energy
deménd scenarios are described 1A Chapter 7. Detalled
model results for therthree‘scenarios aré given in Appendix
B. FoJr‘policy guestions add&fssed by the model are
described in Chapter 9, along with the analysis of the
résults; This dissertation concludes with the sumﬁary of

the work and conclusions drawn from this study-along with

\g}gcommendations for future research.
I

e

A
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CHAPTER 1II -
REVIEW OF LITERATURE ON ENERGY SYSTEM MODELS

Within the last fifteen years many energy models have been
developéd to assist in analysing énergy policy in different
parts of the world. The intention here is to_review some
of the important ﬁgdels that provide an overview to the

jstate<bf the art of energy modelling {(¢n a national and

-

regional context) as well as those ﬁodels which are most
relevant to the proposed research. A very comprehensive
survej can be found in M;hqg et al. (1979) and Fuller and
Ziemba (1980). This chapter codbluaes with thé motivation
for the model, thé cont¥ibution it makes, and very
briefly, the direction of future research possibilities
emanating from this work. More on the latter subject is

given in Chapter 9.

Hoffman (1972) used tﬁe'progess-analysis appro;Eh‘to
model the U.S. energy system, further devel;pmen£ of whigh
led to the Brookhaven En%}gy Systems. Optimisation Model
.{BESOM, Hoffman 1973). As mentioned in the previous 1
chapter, the process analysis apppoach considers the

conversion of .energy sources and their distribution among

end-use demands in physical terms. The description can



encompass the entire system of energy production and
distribution including new technologies emerging from
research and development. BESOM consists of a network
representation of the energy flows from primary energy
soﬁrces through conversionﬁ transportation, distriﬁution

and end-use utilisation. The entire U.S. is considerquas

one region. The demands are specified as space’ heating,

‘'water heating, éic., in the form of functional -end-uses as

well as applicakion type, such as iron and steel, autos,

etc. The model has a linear pregramming formulation and *’j/

4

. the optimisation is done on the basis of total costs for a

single year subject to supply, demand, environmental and
other technical constraints. ’ . }

Hudson and Jorgenson (H-J, 1974) developed a model

based on the interaction of econometric modelling and -
Y

. . . \
lnput-output analysis. The econocmetric apﬁ?oach uses
regression techniques and basically prbjeéts past or

historic behaviour to the future. The model consists-of a

production model for nine industrial sectors (five energy

- and four non-energy sectors),-a model for consumer demand

and a macroeconomic growth model for the U.S. economy.
Supplies and demands are brought into equilibrium by a
balance meéhanism and related to the€ patterns of U.S.
economic growth. The model can assess the impact of energy
policy on both demands and supplies oflenergy and on the

overall level of economic activity. The model has been

-
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used to design a tax program for stimulating energy
5
conservation and reducing dependance on imported sources of

energy.

Both BESOM and the H-J models have their“drawbacks.
The précess analysis approach in BESOM prOV1des an expllCIt
representatlon of the technologital sector from the
extraction to he end-use inclysive of future technoloj:ca
options. HoweS;r, he process approach cannot. be extended

™
to describe economic activity. On the other hand, the

econometric approach describes the technological sector in

economic terms. Though well suited for describing economic Kﬁ

activity at an aggregate fe@gl, it obviously{camiot be
extended to include new tecﬁnologies which are not already
in use. _ : o

The H-J.and BESOM combined model (Hoffman and -
Jdrgenéon, 1977) provides a detailed characterisation of
the energy sector and a complete representation of the
economy. The ecbnometric model reflects changes in the
economy at an aggregate level such as gross national
product {(GNP), employment, etc., and also includes changes
in final demand for energy for a given economic or
technical policy. Thus, given the economic environméht,'
the process model determines thé optimal use of resources ”
with respect to techrical and environmental constraints.

The model can be used to study the impact of economic

policy on the technological sector as well as the impact of

.

\K
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new technologies on the economy. ‘The time period is a
single year.

A dynamic version of the combined'model has also been
dev%}Oped (Behling et al., 1977). The integrated system;
DESOM/LITM (Dynamic energy System Optimisation Model/Long
Term Interindustry Transactions Model) generates en tay /
economic / environmental scenarios to the year 2026. A a
multiregional static'version of the combined model was also
developed (Goettle et al., 1977). The éﬁiire U.S. was
divided into nine regions, which are linked by
inter—regionai energy and industrial-flows.

A successor to DESOM was MARKAL (an acfonym for 'mark?t
allocation'), a result of an international cooperative
effort conducted by Brookhaven National Laborﬁtory, USA and
Kernforschungsanlage, in Julich, West Germany (des¢ribed in
Fishbone and Abilock, 1981). MARKAL is a demand driven,
multiperiod, linear programming model of energy supply and
demand. Its major features include capability for |
multiobjective analysis, a choice of up to sixteen time
periods and an automaﬁéd data management system. For each
time period, the user supplies information for various
generic classes of energy technologies or resources,fthe
important ones being, énergy\carriers:such as érimary and
secondary fuels; processes, which transform energy carriers
iéto one énother: conversion systems, which converts fuels

into electricity; and<§emand devices, which change some

#
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form of energy into a useful service. The main computer

routines for matrix and report generation are written in
the PDS/MAGEN language. The dﬁ?imization code used is the-’
APEX. linear programming optimiZer. The MARKAL framework

-has been used for analysing enefgy pelicy in several

countries.
' i

The Julich Energy Model system (JES) developed at
Julich for energy planning for West Germany is a

comprehensive energy planning framework (described in

Egbert et al., 1981). The Entegrated framework consAsts of
a simulation model coupled with two optimisation models.
The simulation model consists of four modules, the modules
for energy supply and demand coupled with a macrogconomic
module and an environmental .module. The supply and demand

2 _ "o
modules are linked by two optimisation models, MARKAL and, a

similar but less detailed model called MESSAGE.
Similar to the Brookhaven models is the Greek Energy
g
' ' / -
System Optimiéation Models (GRESOM) developed for energy

planning in Gréece (dqgcribed in Samouilid;s and Berahas,
1984). GRESOM has been linked with a simplified model of
the economy, thus providing a framework for analysing
energy economic interactions. Also similar in approach is
an energy planning model for Puerto Rico (described in
Haddock and Sparrow, 1985).

Manne -¢1976) developed the Energy Technology Assessmént

(ETA) model for the U.S. using a combination of process
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analysis and econometrics. It is a nonlinear programming

model which maximises consumers' and producers! surplus, or
X

equivalently, minimises costs of conservatlon, interfuel

substifiution and supply. The supplfﬂg}de of ETA is
~ modelle

analysis

using a conventional linear programming process

proach. Theﬁdemand side of ETA is based on a

hybrid of elconometrics and process analysis. Energy

demands are categorlsed in two broad categorles, electrlc

and non-eleptric and are estimated based on GNP growth and

energy prices. It is a partial equilibrium model as GNP
growth is an\gxogenous variable which is not éffected'by
the energy sector. ETA has been used extensively to study
nuclear power issues.

An extension of ETA was ETA-MACRO (Ménne, 1977) which
combined ETA with a macroeconomic growth model, thus
providing a two way linkage between the energy sector and
the economy. The general equilibrium model permits the
exploratiop of macroe;onomic issues as they are.affected by
chanées'in technologies or p91icies in the energy sectof;

The IDES (Integrated Demand and Energy Supply) model
(Macal, 1987) is a generalised equilibrium model that
integrates energy supply and demand. The energy sector is

o répresented by an energy network that consists of nodes and
links. The nodes are of different types, each type

representing a particular energy activity such as

.
conversion, electrical generation, etc. An iterative

s
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procedure determines the equiiibrium solution, i.e. sets of
prices and quantities that satisfy all equations and \
iqequalities that desribe the energy sector. The time
horizon is up to 30 years in steps of 1 year. ?he computer
code is written-in Fortran. IDES can be run on a
microcomputer as well as on the main frame. The framework
has been used to model the energy sector of a Caribbean
nation over a 20 year period. )

Debanne (1980) describes a succession of network based
energy planning models that looks at North America as a
whole. The first model 'was a one commodity model and Hid

%
not include transformation processes. Subseguent versions
extended into multi-commodity and includgd trahsformation

p—

processes. The equilibrium models calculate period by
period energy price;, deﬁands and éupplies. The models are
useful for energy planning from a cnn;igsntal point of
view. -

Sevéral models have been developed for energy planning
for Canaéa. Helliwell et al. (described in Fuller and
Ziemba, 1980) developed an econometric model which focusses
on the assessment of macroeconomic impacts of large energy
projects on the Canadian ecbnomy. : Exogenous to the model
are oil and gas prices, the gross national expenditure
(GNE), price of electricity, the Qrowth of hydroelectric

supplies and growth of natural gas distribution. Given the

above, the model calculates the demands for all epd—use
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\'sectors. The demands are aggregated in termé of oil, gas,
coal and electricity. The supplies_ are éggregated as
frontier patural gas, non frontier natJ}al gas, crude oil,
Athabasca(synthetic crude o0il, coal and electficity. The
model can be used to analyse a variety of policies such as
‘trade, energy price and taxation.

~The Canadian Explor Modi; (CEM, described in Fuller and

Ziemba, 1980) is a revised version of the basic Explor
model developed at Batelle Research Centre in Geneva,for
application tg Euroﬁean countries. The macroeconomic ﬁodel
covers the entire econémy. Though designed for analysing
economic 'policies it contains an energy sector which
permits the analysis of cerﬁain ene;%y issues such as
energy pricing studies., energy conservation programs and
impacts of capital invested in the energy sector. The
energy sector is divided into coal,'crude 0il and natural
gas, 0il products, electric power, gas and\other utilities.
It is a static model covering the period to 2000.*3

H

CANDIDE is a'nationa£ econometric model of the Canadian
2
economy with anhextended energy sédtor (described in Fuller
and Ziemba (1980). The model treats the entire nation as
one region. The model has similar applications as @EM.
The Fuller and Ziemba (F-2) model (Fuller, 1980) .is a
dynamic model of the Canadian energy sector for'long term

planning. Similar in many aspects to Manne's ETA model, it

uses a combination of process andlysis and econometrics.

v
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The supply conversion and distribution are handled using a
process approach. Demands are obtained from an econometric
model. Nonlinear ﬁrogramming is used to find the \
supply-demand equilibrium by maximising the producers' and
consumers' surplus over all periods., Six time periods
cover the span of 45 years from 1975 to 2020, the first

three of fength five years followed by three of length ten
years. A very important distinction in the model is the -
"regionalising" of the country into two regions, East and
West, with the dividing line at the Ontario-Manitoba \g/
border. The model has a high level of aggregation. The
supply sources are oil, gas? coal, electricity and solar.
The demands are ciassified as road transportatioﬁ‘(auéos),
other transportation (non—aqto), industrial, and‘do%estic,
farm and commercial (heating and non~heating). The process
analysis is carried to the end-use stage only for the -
heating demand. The other demands are in terms of
secondary fuels. Thus interfuel substitution is determined
endogenously only for the heating category, for the others,
upper and lower limits on the shares of input fuels have
been placed. The model is a partial equilibrium model,
i.e. it has a one way energy-economy linkage.

The Canadian Balance model developed by Daniel and

Golgberg (1981) is a dynamic partial equilibrium

econometric model, It consists of a linear programming

supply model for.Canada which is integrated with the Energy
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Mines and Resources (EMR) demand mod§¥_using a linear
programming‘procedure. The linear proéfamming supply model
determines the minimum cost of supply of primarf-energy
resources to meet the demands in each of the time periods.
The emphasis on the supply are on the Western fossil fuel
resources. The emphasis on the supply side are on Western
fossil fuel resources. The EMR demand model derives - 4
demands for-the primary resources as a funétion of price.
Using various economic and demographic variables obtained
from CANDIDE, the economic estimation equations determine
sectoral end-use démands\from which market sharing
equations estimate the share of secondary energy forms
wh%ch are then translated into demands for‘prima;y <j<\\
resources. A linear érogramming procedure is used to -

balance supply and demand so as to achieve price

compatibility. The model has four time periods covering

the span of 20 years (1980-2000), each period having a

length of five years.

The WATEMS (Waterloo Energy Modelling System) framework
(Fuller, 1987) is a tool for the creation of a broad class
of energ&—ecénomic planning models. Examples of models
that could in principal be built include the F-Z2 model,

ETA, ETA-MACRO, the Brookhaven series of models (BESOM, -
DESOM, etc.),’eﬁc. Data on network structure, costs,
efficienc;es, etc., are entered inESﬂngPrEEGShGEt- This

g .
data is then processed by a Fortran program (special
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purpose matrix generato%) that translates the input data in
the form required by thé mathematical programming “‘package,
MINQS [Modular Incore Nonlinear-Optimization System
(Murtagh and Sanders, 1983)]. The solution obtained is
processed by another Fortran program ang entered into’
another spreadsheet for report generatidﬁ?\;lhe framework
is flexible. Fiv® basic types of constéaints are available
to the user to “buildﬁ‘thé energy system. The paEEial
reliance on spreadsheets not only makes the input and
alterations of model structure very-simple but also pérmits
the user to utilise the spreadsheet for pre-processing the =
data and‘post—pfocessing the model results. Fufgher,"the
framework is open to modifications and exténsions, tHus
leaving the user with tremehdous flexibility in creating

and running the model. .

The models that have been described above are natibﬁéi
in scale. Apart from the F-Z model, all oﬁher models viey
the*entire nation as-oﬁe region. The latter models haye a
high level of aggregation such as averagé supply~demand
patterns, average costs of transportaticon, etc., the -
gveraging process being done over the entire nation. The
F-Z model takes the first step in “regionalisiné" a model
that is national in scale. However, it also has a high
level of aggregation. For égample, the entire Eastern
Canada is'represented by one region._ Further, the model

structure itself™is relatively small in size. The above
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modele'are therefore of limited use, when fhe objective is
to proﬁide an analysis of the energy system on a regional
level. — |
McConaghy and Quon (1980) developed a regional'oodql
for short and medium term ﬁlahping for Alberta. It is a
linear programming médel with four time periods ranging
from 1977 to 1995. The model is.formulated using a process
analysis approach and is 51m11ar in many resPects to BESOM.
The model concentrates on the supply s1de and does not
\carry out the modelllng to the end-use stage. The energy
resources that are considered are crude 011, coal orl
_ sands, natural gas, natural gas llqu1d5fand renewable
energy sources (solar,. wind ano biomass). The energy

s

demands are cla531f1ed in terms of energy forms .demanded
'such as electrlc power,. reflnery products, etc. \The
'dec1510o varlables are energy, capltal, materlal and human
resouroes that are required to satisfy the eoergy demands.
The model\miﬁiﬁises tﬁe,allocation of Alberta's energy
reserces over a planning period‘to eatisfy future_?ational
and*provincial energy_demends. |
In recent'years a very detailed energy model of the
energy sector has been developed'for Quebec (Haurie and
Loulou, 19851\Psxng the MARKAL- framework. MARKAL QUEBEC 1is
a multlperlod linear. programmlng model. The description
starts with the extraction Stage through the procees.of

conversion and distribution and finally through end-use
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utilisation. The primary objective function is the total

system discounted cost, minimisation of which leads to the

selection of least-cost energy activities that satisfy the
set of exogenous demands. MARKAL-QUEBEC can Bbe used to
evaluate a wide range of government policies, new

technologies-and major energy projects for the province of
Quebec. ' | .

i The Ministrg of Energy Ontario has an inte;::::;gga\\\\kﬁﬁk
framework that;iinks a §é£-of energy demand models with a
set of models that describe the économy (Jutlah, 1985).
For a giyen economic scenario, the energy demand models
dete;mine the déﬁands for various fuel types which in turn
' are linked by a suppiy-model tha£ translates secondéry
energy demands to primary energy°r¢quirements. The
méthodology used is a combination of'ecohometrics and
téchnological forecasting. The framework 1is Qetailed and
eséentialiy providés an accountihg togl for determining

energy demands by fuel types for a given economic scenario
on an annual basisfl

Recent discussions with Ontario Hydro (Duda et al.,
1987) indicate work in progress on an end-use process model
ﬁof the industrial sector of-dntario. At_pfesent the work
is limited to the pulp and paper industry. The model is
being developed usiné the process approach.

The above literature review suggests that a

comprehensive energy planning model should have the-energy,

A
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economic and environmental sectors,‘a good example being
the JES system in West Géxmany. Secondly, it is essential
to develop regional‘enerQQ models, not only for regional
energy planning, but also from the viewpoint of national
energy planning, for which a multiregional model is
guintessential (this is especially true for Canada, since
there is a geographic uneven distribution ofcénergy
resdurces and demands. The Western regions Qith most of
the foséil fuel supplies‘aré the major enekgy producers,
while the heaviest markets are in the East. As the cost of
transéortation and the development of transportation
éystems have been a formidable barrier, this has given rise

. ) a

to sizable regional variations ind the forms of energy used,

. " ™

which in turn ‘has given rise to energy issues that are

/\

The model deyeloped in this dissertation’ is a detailed

>

process model for Ontario. Te get an idea of the detail

markedly different from region to region).
S ’

.that is supported, the Ontario energy structure in the

k)

model is described by iiz/;jfs {(variables), while the

Eastern region in the odel, (the nearest equivalent to

Ontario's structure that was évgilable before the model

>

developed here), which also represénté an aggregation over
Quebec, Ontario, and the Atlantic provihces, is~described ;a
by ‘approximately 40 arcs (variables). Fufther, in recent
years, energy planning in Ontario; aﬁongsﬁ othe

objectives, has focussed on conservation ngghiques (for

.
- -
7
s
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space heating) and alternative energy fuels for
transportation: For instance, in the transportation sector
which accounts for approximatﬁly 50% of the crude oil
consumpﬁion, alternative fuels such as propane,
compgessed/liquefied natural gas, alcohols, synthetic
liquid hfdrocarbohs, liquid hydrogen and electricity have

been and are under consideration, with some of these being

"actively promoted. In the residential and commercial

sector,- conservation techniques hgve been encouraged for
existing buildings and for better designed new Huildihgs
(e.é. the R2000 houses). ' There has also been'emphasis on
more energy gfficient.yeating equipment and on new methods
usind activé and passive solarrenergy. Cléarly evident is
the lack of existing energy pianning models to énalyse
these policy issues, and this fact provides motivation for
the model in this work. ) .

The development of this model takes‘z;ﬁajor step in <wo
directions. Firstly, together with MARKAL~QUEBEC, they
form a major parh\?f a national multiregiénal model. As
mentioned in Chapter 1, the multiregional model,
encompaésing the entire nation, would prdvide a mﬁre
accurate’énd detailed enery planning model at a nation?l as
well as a regional level. ‘Secondly, oﬁ a regional lpvei

only, a possible link with the MEO models (or variants of

these), and extension of the model to include environmental

_effects, would provide Ontario with a comprehensive energy

J s
- .
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planning fraﬁework.

The model in this dissertation has been created psing
the WATEMS frémework. I;—order to create and run the model
some modifications and extensions were done‘to the
framework. These were'mainly due to the large size of the
model. Amongst other changes, one particular modification
was the rewriting of spreadsheet macros in such a way that
no modifications were required of them as model structure
changed. The above practical feature is extremely useful
in the creation of large modefs, as otherwise one would
need to update changes in the macros everytime there are
changes in model structure. EXxtensions to the framework

_were doge in two areas.. The first extension was a design
of a sépé;é£é spreadsheet for scenario analysis that made
iF simple_to creafe and record different scenarios. The
secona éxtension introduéed a compézzéan'faciiity in the
framéwork thefeby permitting the comparison‘between two
solutions.

The foliowing chapter gives an overview of‘WATEMS and a

detailed description of the modifications and extensions to
) —
(J the framework.



CHAPTER IIIX

WATEMS -- AN OVERVIEW AND MODIFICATIONS AND EXTENSIONS

3.1 Overview of WATEMS

3.1.1 Introduction

As mentioned in the previous chapter, WATEMS is.a systé?
designed for the easy construction and updating of a wide

range of energy planning models which use mathematical
. ° : 13 . '
programming techniques. With WATEMS, two broad classes of

¥y .
models can be constructed. One type of model will minimise

the total discounted costs of meeting projected demandé,
)
examples of such models being BESOM, DESOM, MARKAL, etc.

The other type calculates-a dynamic, competitfve )
eqguilibrium, by maximisation of consumers'. plus producers®
surplus, examples being ETA, F-Z model, etc. The
dégcription-here‘is directed mostly to the.featUresW‘
provided by WATEMS for modelling the former group of

: i
modelg,,since-the model developed here belongs to the broad
class of co§t mlélmlsaflon magiia. In addition, 'since it
is a single period model, only some of the features of
WATEMS are used. .The description concentrates mainly on
thése features that are actually used. More deﬁaibs can be

.

found in Fuller (1987).
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Briefly, data on network structure, costs, resource
. :
amounts, conversion efficiencies, process lifetimes and
decline curves, bounds, discount rate, number and size of
periods, and demand functions are entered into a
spreadsheet, along with variable and node naﬁes, and names
of units. The data is then processed by a Fortran program,
. € :

which is a special purpose matrix generator and the primary
component of WATEMS. The butput produced is a translation
of the input data in th form requiréd by the mathematigal
programming package, MINOS. The solution obtained is
processea-by another Fortran brogram and entered into
ahother spreadsheet containing titles (node names, variable

names, etc.)}, where it can be manipulated to produce

reports consisting of tables and graphs,

3.1.2 Possible constraints and objective functions

WATEMS offers the user five ﬁypes 6f“constraints, namely,

' energy balance, retirement and production decline, reserve,
share limit, and bounds on gariables. The.objebtive,jl
function consists of two parts, the linear part made up of
discounted costs and a nonlinear part that describes
consuﬁers}\ enefits, The model developed here uses three
constraints, namely, the energy balance, share limit and
bounds on variaplgs. Further, bging a cost minimié;tion
model only the linear portion of the objective function was
used. For the reader's convenience, those features of

WATEMS that were used are described below. ~The description

-«
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is taken mostly from Fuller (1987).

3.1.2.1 Energy balance constraints: Any model built with
/o )
WATEMS has a network structure; energy from various sources

is collected together at nodes, ;ﬁd then sent out from the
nodes to various destinations, which are other nodes or
final demands. The fundamental Qariables of the model are
the annual rates of flow on the arcs. At each node, m, for
each time period, t, there is an energy balance constraint,
which says that the amount of energy collected at the noae'
equals the amdunt of energy sent out. There is provision,
for some fraction, Bmt of the energy to be lost -- e.q.

to represent.transportation losses. A loss may
alternatively be represented by a conversion effidiency for
a process on an incoming arc.

Let X. (a variable) be the annual rate of' enefgy

t

\

flowing along arc i in period t, with conversion
-efficiency €7 and let ﬁmt be as above.. Let Im be the
set of indexes for incoming arcs.at node m, and let Om be
the indexes for outgoing arcs at node m.‘\%hen the energy

balance constraint for this node and time period t is:

o

(l”Bmt) E €it xit = Exjt ; for all__ti. veodal
i€ Im ;€ om

The user must enter information on the network structure

(nodes of origin and destination for each X4 ), and on

t
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numerical val g\\
er alues of §_. and €+ The para@eters Bt

and eit may be specified as constant or varying functions

of time. In the latter case, a few parameters specify a
function of a certain form; since the model developed "here
is a single period model, these values are zero.

For a cost minimisation ﬁodel, the optimal dual

variables for constraints 3,1 represents marginal costs.

3

WATEMS calculates marginal costs for eafh node and sends

1
I Y
these to the rpgport spreadsheet. ‘

3.1.2.2 share limit constraints: It is occasionally

S

necessary to limit the fraction of total incé%ing {(or
outgoing) flow at a node that can be supplied b; one of the
incoming (outgoing) flows; this may be an upper limit; a
lower limit, or an equality constraint. If fit is the
exogenous fraction in pericd t, if Im is the set of indexes

t
flows, if Om' is the set of indexes of all outgoing sources

of all incoming sources at the node m into which Xipo

at the node m' from which Xi is the

t flows, and ifl Eit

conversion efficiency, then the constraint is of this form:

€iekie

A NIV

£iv > €5p Xypr | ...3.2a
5 € Im .
at the‘incoming'node, and,

it T Fig Eijt. / - S+ e342b

j € one

>
AV
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at the outgoing node.

3.1.2.3 Bounds on variables: WATEMS permits the

specification of bounds on any xit variables. These may
be upper bounds, lowiy bounds or fixed inequalities.

3.1.2.4 Objective function (linear part for a cost

minimisation model): WATEMS maximises the negative sum of

the total cost of meeting demands for the various sources . -
of supply (the linear part actually is part of a nonlinear
objective function that descriﬁes,the consumers' and
prodﬁcers‘ surplus that is maximised; however, for cpst
minimisation models, the linear part is the only
objective).
If, 6 is the annual discount rate, if xit and eit are as
in section 3.1.2.1, described earlier, if 0, is‘thg
numbérlof basic units of energy per natural unit of
variable i, if Ciy is_tpe &ost-per natural unit of output

energy, and if w is the length of a period, then the linear

part of the objective function is of this form:
148" e, €. /0, ) WX, vee3.3
i ittig” M1 it .

where the symbol "t" in the discount factor represents the
number.of years after year zefo to the midpoint of the
period in question (for a single period model, t=60;
elsewhere in 3.3 , the symbol "t" is an index for the

periods as in the earlier definations (which again is not

required for a single period model.

El
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Thése four featurés were used to ?odel the Ontario
energy system. Other features of WATEMS not u;ed here
include two sets of constraints, namely, retirement and
production decline, and reserve constraints. 1In adaition,
there is the nonlinear par.t of the objective function that
permits a calculation of competitive equilibrium of supply
énd demand, that was not used.

L} T"’\_’\_.._,
3.1.3 Overview of the input spreadsheet

Data input is in a’ spreadsheet. The description here is an

\

. .
overview and describes the approach for model creation in

WATEMS. - ‘ . .A

.

The first few\rows of the input spreadsheet are common
to all models. These rows include titles that describe the
information to be enpéred and general information abéut the
model.

The next set of rows are used to describg the nodes of
the model. Each node is described in'a sepgrate row, and
is described by a node name and by entries known as
.fﬂéwitches". If the first switch is zero then Bmt=0 for
the node of that row. If the first switch equals } then
ﬁmg'is cons;ant in all periods and is given by the value
ren£éred in the next column. If'the firsé switch equals 2

thenfgmé-would follow a qime pattern specified by four
pafameters, their descriptions,being specified in the next

four columns (does not apply to the model developed here).

The last node information are node units, these being

o™ /7
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specified in the next column. Tﬁe order in whlch tk\\rows
are specified is of importancé, since the same numerical

order is used to specify the structure in the variable

information section.
Variable information follows next. Each variable is

described in a separate row. The name of the variable is

.,

entered in the first column. - The nextmrwoicolumns are used

to speéiﬁy the model structure;fi.e. the starting and
ending node for that variable.. The next set'of columns are
reserved for 1nformatlon regardlng various, features such as
share constraints, bounos, costs, conversion eff1c1enc1es,
etc. A feature (such as a bound on the variable) can.be
selected by a "switch", -- an integer placed in the’

appropriate column of that var}ablefs row. A sw}toh,of
Zzero means that the feature'is‘not selected;- a small number
of positive integers have specific meanings that not only =
select the feature, but also specify-such rhings as thej
type.of bouno (upper, lower, or equality;.t The first digir B
of the three digit’ integer indicates that the bound is on X
‘(kit_variableSS'or on the b'variable (the D variables are
used for dynamic models; in theé model developed here tﬂe'
‘varaables are all of the X type), "the second digit .
, spec1f1es gi upper, lower or eguality bound and the third
digit selects the time pqttern f r the bound. A.similar |

, ‘ s ] , 5 ) .
approach’is‘used to select other features. 7
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l 1)

3.1.4 Connecting the input and report spreadsheets with

MINOS
Oh'completion of the input spreadsheet, macros are invoked
that separate the numeric content (space separated fofmat
‘Or comma seéérated format; either way it can be read by a
formPt free FORTRAN statement) and the character
‘infofmatiQn‘(list of nodes, d?riables, etc.); the numeric
part is uplqé?ed té the main frame by any file transfer
program duch ;5 KERMIT, PC-TALK, etc., while the character
inforﬁation is saved in anothe% spreadsheet for the feport.
In the main frame a Fbrtfan program (special‘purpoée matrix
'generator) processes this information and converts it into
the format required for MINOS. The éolution from the

optimisation programjié‘processed by another Fortran

L

program that reads the output from MINOS'/céiéulates the

marginal costs (prices for models that\pfaximise the .

q ¥

consumers' and producers" surplus} from the dual variables
gf the energ%/ggfghqe constraints, and writes the marginal
costs (prices) and‘X—variable values to a file in comma
sepafatéd value:foymaﬁ. "This file is then.d?wnloaded and
;ewéntered in the report spreadsheet with the marginal
costs (ﬁfices).lining up with the corresponding node names
and ﬁh%‘x-vafiablé values lining ug‘Qith thercorresponding
variablélnaﬁésﬂ |

?hé‘ﬂAT@Mé'framéwork provides a simple and easy me£hod

for creation, alterations and running of energy planning
A :

Pl

e
:
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model s of.;he mathematical programming type. The
framework is flexible in that, the ﬁser can model "a wide
range of systews or‘phenomena with the help of the
coqstraints providéd. Advantages of using spreadsheets for
data entry are only too well known and require no
elaboration. However, of particular advantage in their use
heré is the availability of the unused portion G&f the
: fpreadsheet for computations for costs, demands, etc}} ;lel
the WATEMS descriétion of the model extends to column H for
node information and column AS for variable information.
The coiumns to the right of these polumns can pe used for
specifying data-regarding costs, etc., thus permitting
pré—processing of data on the same spreadsheet. In
addition, the spreadsheets and the main frame prograés can.
be easily modified and extended in many ways., |
In order to creaté and run the model developed here in
WATEMS, minoé modificat&ons were required/to the WATEMS
framework. Further, becéuse pf the large size of the
model, the WATEMS system has been éxtended in certain ways

e
to simplify its use. These changes are described in the

—

r{1ext section.

~

. Cow
3.2 Modifications and extensions to WATEMS

There were a few minor modifications that were done to the
WATEMS system. Changes in the matrix generator (FORTRAN
it .

program; in particular SPECS subrogtine and the objective
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function cost sUbrogtine) permit the model to be minimised
directly rather than by the maximisation of the‘negatlve
sum of the discounted costs, a form more suitable for the
nonlinear consgmers' and producers' surplus formulation,
The macro'pregrams in the spreadsheet Qere rewritten in
terms 0f range names rather than specific addresses. This

feature permitted'the automatic update of the mactos'when

‘nodes or]variables'wefe_added to the model, thus

eliminating the simultaneous uedate of the macro programs
which wes an'unnecessarily time consuming }epetitiee task
especially when workiﬁg on a lgtge'model end on a'fegular
pefsenal computer. '

~ As mentioned in the beginning of the chapter and 1n-some
follow1ng sectlons, there were some features of WATEMS that
were not used. As the model was -large in size, in order to
reduce:inputting time and everall-maeageability of the
spreadsheet, some of the extra columns that were reserved
for these-description%, were deleted. This required a
change_in'thevREAD statement of the matrix generater to map
the variabLes with;their'corresponding values.

The firsﬁﬁexteneion to WATEMS was the introduction of

anether”spreedsheet. This spreadsheet contains a list of
parameters thatwone would like to vary to create different

scenarios, such as interest rates, resource,prices, etc.,

alongside an entry cell for inputting‘values. These

parameters were linked with end-use demand formulae which
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were entered Qith;Q‘the same spreadsheet. Therefore, with
any change in the specification of the parameters produced
simultaneous recomputations of end~use demands. This
spreadsheet, being small in size is easy to work with. On
completion of it, the information is automatically mapped
on to the required cells in the main spreadsheet and the
smaller spreadsheet ié saved as a separate file for Eutufe
reference. The automatic interfacing was brought about by
writing two macros. The first one saves the file on -two
disks, on a separate disk fog future recor? 3nd on the disk
that contained the main spreadsheet. On cgﬁpletion of it,
it loads the main input spreadsheet. Tﬁg/;;her macrb
transfefs the information. This macro, named as a "\ 0"
macro, automatically invokes itself everytime the WATEMS
spreadsheet is loaded (a facility‘offéred in the LOTUS
spreadsheet). The resource prices, end-use demands, etc.:
are\mapped.on to an "unused portion" of the spreadsheet
from where they are linked to the corresponding cells.
Thus, té-run different scenarios, oniy the scenario
spreadsheet ﬁegds to be aécessed. Changes are
automatically Japped to the main spreadsheet. This

. :
facility greatly simplifies and reduces the time to create,

run, and save different scenarios.
The second extension to the WATEMS. framework was the
addition of a new facility for the comparison of results.

) ‘ ‘ o ) .
During the analysis of model, results need to be compared

-
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very often. Since there are q{large number of variables
T

this facility is useful.. This Basicably involved the \&\\

writing of a FORTRAN program in the main frame that read
h

data from three files, these being an abbreviated data file

of the input data, and the two solution files (the comma

" separated value formatted output result files). Based on

O'Leary's (1987) comments on what should be compared, the

_———program determines whether the basic variables still remain

basic, and if so, it determines whether there is any change
or not in their values. (onversely, for a nonbasic
variable, it determines whether it remains nonbasic or if

it has changed to basic. The output results are imported

.as a text file (as the results contain numexic and -

. ¢
character information) into a report spreadsheet which

contains the variable names and units. The results align

themselves with the corresponding variable names and their-

units. .
. [}
These changes in WATEMS permitted an easy construction
and runping of the model developed here. The next chapter

giveg a description of the model and the ﬁodelling process,
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CHAPTER 1V’\

L

MODELLING OF THE ONTARIO ENERGY SYSTEM

Before energy can be supplied in usable forms to the .
consumer .a certain sequence of activities is required.

Crude oil is transported to the refinery. The refinery

AN
produces a range of petroleum products. Some of the,

4

d .
products such as fuel oils are transported to power plants

o~

for electric power generation -as well as transported

L\_ N "directly to consuming industries, etc., while products such

as gasoline and diesel are transported directly to local
< .

supply centres from where they are distributed to -

consumeEs;\“anl is transported to power plants as well as

directly to the end-use consumers (Iron and Steel Industry,

‘a

~ f\tc.)ﬁf}Natural gas is transported to electrical generation

wer plants as well as to local dlstrlbutlon centres which
‘(;‘

. flnally dyiiiigﬁte the gas ro residential, commercial and

industrial consumers. Solar energy follows a different
pattern. It is not extractable nor transportable in the

way the fossil fuels are and is available on site of

L utilisation. Finally, the electricity that is available

from power plants is transmitted to loqél distribution "

centres from where it is distributed for -end-~use
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utilisation.

-

It is this sequence of activi£ies that is modelled for
the Ontario energy‘system. The sequence of activities can
be considered as a.multistage,ﬁélwork that starts from the
supply gtége, througﬁ conversion, transportation and
distribution, and ends at the end-use utilisation stage.
From an optimisation viewpoint, the problem.can be defined
as minimising the total costs of all stages subject to .
supply restrictions, demand requirements and technical
constraints that describe the energy-system. The aim in
constructing the model has been to include as much detail
as possible. However, the detail in structure must be
supported by an equal level of quality data. Development—
of the struéture and data collection have gone hand in
 hand, the development in structure prompting the search for
data, the availability and'type of which, dictated further
revisions of the structure. Many data sources have been
used to develép the structure, the major ones being EMR
(1983a), Ontario Hydro (1985) and documents by the Mihistry
of Energy Ontario (MEO,-19§3,1985a,b).

Much of a WATEMS model's struéture can be illustrated
with a diagram fhat shows the energy flows represented in
the model. The network diagram of the Ontario energy
system is shown in Figure 1 (attached at the end). As

§

mentioﬁed‘above, the model can be looked upon as a

multistége network that starts with supply, through

} ‘ <
J(\, '
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non-electric conversion, electric generation,
transportation and distribution, and finally through
end-use utilisation. As the end-use utilisation-stage is
difficult to see in Figure 1, details are shown in Figures
la and 1lb. The modelling of each of the stages are
described below.

The model has been designed for a target year of 2021.
A major assumption in constructing the model, based on
intgzddption dates and effective lifetimes, was that out of
the existing stock that describes the energy system,‘only
some of the existing building structures, most, of the
existing hydro facilities,.and’the'Bruce "B", Pickering
"B", and the Darlington nuclear plants would influence the

-

energy system in 2021.

4.1 Supply stage

The primary energy sources that have been considéred are
solar, lignite, uranium, hy@ro, ﬁuniéipal refuse, natural
gas,-ﬁropane, coal, crudé 0il, wood and agriculture grain
créps that include corn, barley and wheat. In addition to
being disaggregated by energy type, wﬁerever appropriate

they have been further disaggregéted by place of origin.

" The modelling of the supply process essentiiﬁly involves
identifyiné diffefent supply sources and representing them

by separate arcs; each of these arcs then flows intc the

L]

appropriate supply nodes. Wherever necessary, upper bounds

-~
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have been placed to represent restricted supplieé. Also,
share constraints that fix the total share of supply from a
particular soﬁrce have been placed in some cases.

Based on future projections, natural gas supplies are
represented by two arcs, one representing the major
regional import (the Beaufort Sea / Mackenéie delta area,
the Arctic Islands or the Eastern Offshore, depending upon
future developﬁegls), and the other representing very
limited quantities from Southern Ontario gasfields. There
is ‘an upper bound to the latter. _Propane supplies from the
West are répresented by an arc, Thig is the major source;_
.In addition, propane is a by-product in crude refining as
well as from the MOBIL processes. Each of these potential
supply sources are representéd by separate arcs tﬁat flow
from the ouput nodes of the processes into the propane
: sﬁpply node. Crude oil supplies'most likely would consist
of foreign iﬁports-and regional importé-frém'ﬁeaufort Séa /
wMackenz;e delta, 'Arctic Islands, Eastern offshore or‘ -
synthetic crude from oilsands in Alberta, depending upon
which sources are developed in the future. Ontario has-
large quantities of oilshale, but¥i£ is unlikely that it
will be deyeloped by 2021, given its high cost. Under
current policy crude oil is sold at world price regardless
of origin, and as there is no indigenous-supply within
Ontario, crude oil supply is represented in the model by

one arc. Bituminous coal supplies are represented by two

-
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arcs, US Appalachian and Western Canadian. A share
Eonstraint has been placed that forces a fixed share of
Western coal. Lignite supplies are assumed to be from
Saskatchewan (although Ontario has approxihately’l?ﬂ
million tonnes of lignité at Onakawana, the quality and
remoteness of location currently make miping these deposits
. uneconomical; it is assumed to remain so in the year 2021},
Future projections for ﬁranium supplies show Saskatchewan
'_having Eﬁe major share, followed by smailer shares for
Ontario, the Northwest Territofies'and Nova Scotia.

Uranium supplies are represented by one arc, the supply
Seing from any of the above.‘_Hydro—electric power is
disaggfegated by three typeé: existing hydro stock that
would be operating in:202l, new small hydro ( 2-10 MW)} and
new large h&dro {greater than 10 MW}. 1In addition, some
hydro plants are dedicated peaking units (explained in
section 4.4) and Lan only be used for serving peak elecéric
loads. Wherever appropriate, the above broad categories
for hydro have been further disaggreéated by dedicated
beaking units and other. hydro units, thellatter includes
those that could technically be used to service-any of the
electricity demand modes. Other primary resources, all
indigenous to Ontario, are wood, corn, barley, wheat,
mﬁnicipal r;fuse and solar, each of these being represented

by separate .arcs.
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4.2 Non-electric conversion stage (excluding the refining

of crude oid)

A

The non-electric energy conversion technologies considered

in this stage, include the compression and liquefactiog of
natural gas, syncrude from coal using the SRCII-B process,
gascline ffom cbal, natural gas, and methanol using the

MOBIL process, gasoline from coal using the Zinc Chloride
process, gasoline and diésel.fuel'usingnﬁhe SAéOL‘process,
methanol from natural gas, coal and wood, ethancl from
natural gas, coal, wood, corn, barley and wheat,_andﬁliquid

Bydrogen from natural gas, coal and electricity. Detailed

data that includes guantitative descrig}ionlof prégéSSes
and costs are available in EMR (1983a): )

‘Thé modelliﬂgvprocess here essentially involves
identifying for each process, all energy inpqts,(both, as a
fuel and as a feedstock), and outputs. Each conyeréibh‘
process has an associated node. Arcs, representing énergy.
feedstocks,and in some cases energy fuels, flow from the
output of the supply nodes to the input of the prbcess
node. ;gftput flows from the process nodes_rebpesent,

w 7 :
secondary fuels. For g;gdline from cbél using ﬁhe Zinc
bhloride process, methanol from cecal and wogb, liquid
hydrogen from electricity; and for compressed and'liguefiedi>
natural gas, there' is just one incoming energy flow.- The |

efficiency parameter asscciated with the incoming arc

specifies the efficiency of the process, i.e. the ratio of
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the output energy producea to the ipphtjenergy subplied.
For all other processes, there are more than:one energy
flows. Equality share constraints have begh placed for the
incoming energy flows that specify the préportional share
of the different energy inputs requiréd by the process.
Both the node loss and the efficiency parameter, have been .
used to specify the net‘energy efficiency of thehprééess.
In addition, gor the MOBIL procésses and_the SASQL process
there are more than one output. Here, equality éhafe?_on
the outgoing énergy,flows ffoﬁ'the peress node havé been
pl$ced; These specify the-proporﬁioﬁ of the different.
energy outputs produced by the brocess.

.; Data related to costing was available in the form of
. capitél costs aﬁd operating costs. As most of the
processes are emerging from reséa;ch agd development
programs, the costs are based on pilot plants.which are of
'smafl and varying capacities., For comparison purposes,
additional gata.was g}so specified to translate the base
césts to an EAual caéacity basis. The large plants, which
are not distribution oriented; e.g coai to syncrude
production, etc., are translated to 250,000 éigajoules (GJ)
per day capacity. The émaller plants that»aré-distribution
oriented, e.g. compressed natural gas‘piants} are
translated to 40,000 GJ/day capacity.rABoth capacities

represent average sizes of plants for the two categories.

Further, as these technologies are in the pilot stage,

1
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P

there-is an element of uncertainty involved in tﬁp
‘investment cost eétimations in moving froﬁ the pilot stage
to acﬁualklarge scgle p?oduction;.,The actual costs usually
exceed the estimaéions since technical problemé arisé.with
Alarge scale production which were impossible to foresee at
the pilot stage. Thus for each of the plants there is an
uncertainty factor that increases the base case costs. <>
Using this data, cash flow calculations that determined the

per unit costs based on capital and operating costs, plant
: S

lifetimes, aﬂg “discount rates'were done in the following
’ Qay.

yéf cb} ob_be.the capitél cost and operating cost
(excludfng the cost of‘energy,'both, as a fuel and.as‘a
feedstock) fﬁf_the base case pilot piants. Let p,, P |
represent the base case and the equal capacity case

- production rates resp;ctively (é is eithér 250,000 or
40,000 GJ per day). Then, the capital costs are translated.

according to plant scale exponents while operating costs

are translated linearly, these being given by

CF

. = *
. Cy (P/pb) PR S

>

-_~ *
O --.Ob (P/pb) --.4.2
where C,r O represent the capital and operating costs
respectively translated for“édual capacity, and CF is the

. Aexponént‘that translates investment costs for the base case
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to the equal capacity case.
Let UF represent the uncertainty factor and let c

represent the modified capit@i\cost that includes ‘ gy

modification for equal capacitg and uncertainty. Then,

c, = S, * UF : cead.3
‘The above capital cost does not include inteyest during
the construction period. Let L be the constructiép'lead
time, § be the fraction of construction lead timé qhen half
expenditures are made, and r the discount réte,-then, the
modifie%\capital cost inclu&ing interest, p, is given.

approximately by,

L*(1-f/2) (L*(1-B))/2
C ='c /2 * [(l+r) + (1+r) 1 ...4.4

Let T be the plant's operating lifetime and SF be the
service factor, i.e. the fraction of the year the plant is
working, then the per unit cost of production of the output

(excluding the cost of energy), is given by

cp = [Cc*(A/P,r,T) + O] / (P*365*SF) - ceod.5
where, -
(A/P,r,T) = r / [1 - (1/(1+x) 1) : ce 4.6

4.3 Refinery

Crude o0il is made ﬁﬁﬁof many different hydrocarbons, A
refinery separates the components and upgrades them to the

specified qualities. The output product mix is not fixed
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and can be varied within certain limits depending upon the
processes that exist in a refinery. ‘The earlier refineries
were felatively simple ‘in design: the slate of products
‘essentially reflected the component makeup of the input

crude. In the last thirty years or so market demands have

’ %
tilted towards a larger share for lighter products and

.

newer products have entered the market. ConSequently,

moedern refinefies heve a large'numher o%.proeesses with
cahplex'intercohnections between them. Obviously,
ﬁpdellfng a realistic.refinery is exhremely complex and
couid Trun into hundreds.of’Variebles-and constraints. This
is ho;)desirable not only from. the viewpoint of model size,
as this‘is;dnly a small subsector of the’ entire model being

a

developed, but also-mggh of the added information that is
gained would be of lim;ted'use.in this context. The
objectlve here was to develop a simple representation which
would descrlbe the flexibility that ex1sts in a refinery,

4

which for the purposes of studying 1nterfuel substitution
. »
is the most important feature of the refinery.

The refinery operation can be described very briefly as‘
starting with the distillation of crude o0il, the
distillation products being fractlons of hydrocarbon gases,
gasollnes, stralght run oils and heavy residuals. Some of

. the_gasollnes can be sent‘directly po the gasoline blending

unit. The heavier gasolines go through a reforming process,

the reformed gasoline then is sent to{phe gasoline blending
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1 PR

e

wa;ﬁhit. 'The oils can be sent directly to the fuel oil

1

blending unit or to the cracking unit, the, cracked
gasolines are sent for gasoline bléndipg-and the crackéd
oils for fuel .oil blending. The heavy residuals are used
for producing lube oils.or'for the blending oflheavy oils.
The ocutput of the gascline blending ﬁnit is motor gasolines
and aviation gasoline. The,outputs'bf the fpel oil-.
blernding unit are jet-fdel and vafious fuel ocils,

The approach taken here views the‘refinery as é two

¢

stage process. The fiest stage encompasses the -
distilflation and .conversion operations while the second

Rt

stage‘représents the blending coperation. The first sfage
yields streamg’ of gasolines,IAistillates and heaﬁy oils,
In the second stage, egch of these streaﬁs yield-vgrioqs
refined products. The output of the first étage permits
‘the output shareAaf each‘stream to-vary between lower and
upper bounds.' Oﬁkput sha?es frqm the second stage have no
restrictions, with the output slate d‘f’?"’broducts.being1
determined by market demands.
The. above modelling approach can be used to represent
any refinery. As menticned earlier, the output slaﬁe of
'prodﬁcts is dependant upon the type and number of processes
that exist in the refinery... Nelson (1976) defines a’
measure known.a refinery gomplexity which is described by
a number.l A léi'value indicates a refinery with fewér |

—-—

processes and the value of the number increases as the
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number of processes increases. Earlier refineries,
therefore would be described by a lower complexity_number
in comparison with modern refineries, which are deécribed
by higher complexity numbers. In the above modeliing
approach this isqreflected in the range of -the output
products' share bounds and in theggost. To reflect the
different rangg of refineries in the model, there are two
types of refineries, one with a low complexity w;th lower
costs ;nd a smaller share of lngEer products, thg other
with a higg complexity that has higher costs gnﬁ a larger
share of lightér products. s

The costing for the refinery was done almost in a
similar manner as in sectioﬁhd.Z. As base case data
permitt;d direc;ly the costing for an average size
refinery, the modification for equal capacity basis did not

arise. Neither did the uncertainty Pactor. All other

AT

computaggpns were done similarly to section 4.2 with one
minor exception. To avoid the problem of joint costing,

the per unit cost of refining is computed in relation to

the‘input crude o0il, and is therefore associated with the

- £

incoming flow of crude oil to tbe particular refinery.
This in turn implies that the costs are uniformly spread
over all refinedrprdduct§, but prices (strictly'épeaking,
marginal cb;ts) Qflre_ined~proddct5'are not necessarily

b . . 4 .. o
germined by the interaction. of demands

equal,\téey'é

and supply .f'” P,
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To summarise, -the above approach for modelling the

2 _
refinery is not only simple but also captures the important
feature/of flexibility that exists in the refining

S
industry. ‘ . -

) | .
7

4.4 Electric conversion stage

The demand for electricity is time dependent. It varies
from‘hour to hour , the pattern changing from day to day
‘and season to season. A useful représentat@on of electric
demand for electric utility planning is the annual load
duration curve shown in Figure 2. .The annual load curve is
-«Obtained from thedannual chronological locad curve by
reofdering the loads according to deéreasing intensity.

The area under the curve represents the total energy

- reguireméent in the year.

AN

In order to cater to the deménd{/power.plants érr
designed and operated to serve different load ségments. In
-» general, peaking plants operate for oniy a féw_houré;per
-day, either over the entire vear or during the peak season
. to meet shbrt;tefﬁ electricity demands. ‘These units are
utilised for up to %Q%.of the time on an annual basis.
Intermediate or cycling plants‘operate at varying loads
eaéﬂ day. The ﬁime pericd of‘operation is anywherefbetween

20-65% of the time in a year. Base load units\operate at

\' i ]
, -full capacity most of the time. These units afe geneftally

. ’:}6‘-

utilised for 65-95% of the time..

-~ —

et
f’

' t'\ ‘j
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’
L}
AN

\\\\\ m strip approximation
\

power

time

Figure 2. The annual load duration curve and its
: m strip approximation. :
(adapted from Sherali et al. {(1982))

-
u
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zﬁ
The type of power plants used for the above ranges

Ty

depend upon certaln.technlcal features such as quick
"starting, etc., andiupon the capital énd generation costs.
Generally speaking,;gas turbines are used as peaking units,
fossil fuel plants for cyclie, and nuclear and fossil fuel
-planté as base load units. Hydro planﬁs, depending upon
their costs and energy availability, are used for all the
.load ranges.:

The basic objective in modélling thg’electric sector is
to mlnlmlse the cost of supplylng energy whlle ensurlng
that demands are satlsfled at every instant of ﬁlme.

"/fﬁ\\sherall et al. (1982) describe a standard linear

J programming model for utility planning that models the
basic relationships between supply sources and demand. The
firSt step involves the discretization of the load duration
curve. This can be done in two ways. The éurve can be
approximated by yerticai stfips or by horizontal strips.,.
The horizontal strip approximation was used here as this
formulation can be aéapted more easiiy to WATEMS with few:

- modifications, as sﬁown'later. 'Approximating the load
duration curve by n strips leads to the followihg

formulation.

Let,

c; = unit (annualised) capacity cost of equipment of
type i (i=1,...,m}), ‘ ¢

f = operating cost (per unit of energy) of equipment of
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type i,

ay = mesh points of the time %xis‘discretization,
where j=1,..,n and a0'= 0, «, = 8760 (hrs/yr),
dj = energy equivalent of load corresponding to strip jJ

and let the decision variables be defined as,

quantity (kilowatts) of equipment of type i,

~
i}

quantity (kilowatts) of equipment of type il used to

e
1l

satisfy load j

then the model is given by,

m l m n .
' = i=173=1
subject to

n ' .

“Xi +Zyij S. 0 l=l’ LI ,m - e 3408
j=1

m .

1=ajyij z dj J=1'-u-,n ] '0074-‘9

j=1,---,n

The set of constraints defined byﬁequation 4.8 are capacity
constraints. They ensure that the output power from any

. _ : "
equipment typé does not exceed its power capacity: The set
of constraints defined by equation 4.9 are demand
constraints and they ensuremthat energy supplieg meet the

demands.
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In the Ontario energy mode% being developed, all
variables are in terms of eneréy. In order to model the
electric sector as described above, the above formulation
which is baséd on power variables was modified to energy
variables. The modification not only led to é‘simpler
formulation, i.e. fewer variables and'fewer constraints,
but also was readily implementable in WATEMS. _fhe
modifications were done in the following way. Note, that
at optiﬁality, equation 4.8 wéulq always be binding.
‘Tperefore, substituting for Xi4 the pfobiem can be

\\
rewritten as,

m n
minimise Z:E:(ci/aj + fi)(ajyi

RPN 3) B ..4010
subject.tp
m .
:L_,_"lajyijg d; j=l,..e,n e 4.1l
| Yig 20 1l
The‘term ajyij represeﬁts the gpergy flowing from

facility i for ay hours of the year. Representing this

by a variable z,., and as (c;/a: + £.) is the cost
1lj 1 J 1 :

per unit of energy, the above formulation can be rewritten

14

as,

m n : N ’
minimise Ezcijzij - : ceod.12
i=1 j=1
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subject to -
m
doz.. > d., j=l,...,n ce.4.13
zij >0 i=l,...,m
i=l,...,n
where c,. is the cost per unit of electrical enerxrgy of

1)
facility i operating for oy hours in the year. The above

formulation can be readily implemented in WATEMS. Modelling
this as part of the existing model rgquires arcs that flow
from the supply or the conversion nodes into the
appropriate facility-supply nodes, where each
facility-supply node represents a different generation
‘plant. The efficiency of conversion associated with each
. arc represents the generation efficiency. The electricity
produced from each plant could service all or some of the n
load segments, depending upon the technical constraints of
each plant. This is represented by outgoing energy flows
from the facility s;pply node to any or all of the n load
nodes. The;cost term associated with each of the arcs
represent the per unit cost of operating the plant for that
. particular mode. Output energy flows from the n nodes flow
to the electrical demand node from Where they aré
distribpted to end use dé@ands. Equality share constraints
on’ the iécoming energy flawé at the electrical démand node

specify the proportional make up of the load duration curve
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generated by the n strip approximation. Total electricl
demand, exogenous to the electricity submodel, is
determined endogenously by the main médel during the
optimisation process, depending upon costs of electric and
non-electric fuels and technologies that could possibly
satisfy end-use demands.

Electric generétion technologies considered are éoal
fuelled gé;erating plants‘using pulverised fuel combustion
steaﬁ generators and steam turbines with subcritical and
supercritical steam pressure, and aﬁmospheric‘fluidised bed
combﬁstion technology; lignite fuelled.using_pUlverised
fuel combustion with éubcritical steam condition; gas
fuelled steam turbine generating plants with subcritical
and supércriticai steam conditions; 0il Euelled}steam
turbine using subcritical steam conditions; municipal
refuse fuelled éeneration (récongTEioned plant ét Heafn);
CANDU nuclear téchnology oﬁ the type existing at -the
Darlington site; new hydro (small, 2-10 MwW) and new hydro
(large, >10 MW); hydro plants that are.,already in existence
and will be available in the year 2021 and the Bruce “B",
Pickering "B" and Darlington nuclear plant that again would
be available for use in the year 2021. In addition, the
hydro plants have been subdivided into dedicated peaging
units and others, the latter could technically be used for
supplying in any mode. All above technologies are
currentlynundér consideration by Ontario Hydro for future

4

- ":\.‘
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expansion of the eléctric sector (Ontario Hydro, 1985).
Four horizontal strips approximate the load duration
curve. These strips refer to the base, intermediate, daily

peak and seasonal peak segments éf total load. Each of
these segments could be satisfied by different types of
power plants; each power plant, therefore, depending upon
its technical feasibility, is permittea to operate in some
or all of the load ranges. The costs of operating in each
segment are associéted with the appropriéte arcs. Data for
the above plants was available in the form of capital and
operating costs. The capital cost did not include interest
during construction. This was determined in the manner
similar to the earlier calculations described by equation
4.4. Defining K as the capital cost per kW which includes
interest, V as the operating and maintainence cost per kW,
and A the availability factor, then the levelized cost per
kWh, ¢y generated when the plant was operating in mode j
(aj), is given by

e = (K*(A/P,r,T) + V) / (A*a,) e..4.14
In addition, power plants that are of existing stock as
well as new hydro‘plants, have power constraints that
specify the maximum power that is available. To do this,
the first step involved the repkiﬁggion of the energy flows
in-the four arcs that flow from the/ supply node to the four
mode nddes. This was dons by intéoducing a rode on each of

the four arcs. The Byi's of these nodes were specified as

1
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" =1. The output from each of these nodes (which is twice
the input) was shared equally between two outgoing arcs by
specifying én output share constraint of 0.5. One set of
arcs lead to the n nodes while the other set is the
replication of those n arcs. The efficiency parameters in
eéch of the replicated arcs ;ere specified as the inverse
of the product of the time and tﬁe availability factor.
Thus the energy flow emerging from that arc would
effectively represent the power associated with the energy
supply for that mode. Each of these arcs flow into the
associated power node, thus the arc emerging from the power
node for a plant ref;ected the total power operating from
that facility. An uéper bound onlthis arc ensured that the
power capacity at any time was not exceeded by the capacity

avallable.

4.5 Transportation and distribution stage

After the conversion to seéondary energy forms, the fuels
are-tranSported or transmitted (in the case~of electricity)
over long distances, followed by distribution to end-use )
consumers, Both these activities have a cost and an energy
loss associated with éach fue}. For each fuel, an arc
represents tﬂe energy flow for this stage. Each arc is
associated with a cost. The arc flows into the

transportation and distribution node, the energy loss

during transportation and distribution being specified by
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the node loss parameter.

4.6 End-use utilisation stage

After transportation and distribution energy fuels are
consumed to provide services. The energy demands are
broadly classified under residential, commercial,
industrial and transportation. Each of these sectors has
been broken dowﬁ into demand categories, each demand
category being described by applicable technologies.

" In the residential sector the demands are subclassified
under space heat, water heat, air-conditioning, and
electrical appliances and lighting. ©On a phySical basis,
the residential sector has been suﬁdivided into houses and
apartments,{although a preferable level of disaggregation
was sinéle (stand alone) houses, row and town houses, and
apartments, lack of data on row and town houses limited the
disaggregation to the two categories mentioned above). The
houses category are made up of three types that reflect the
insulation capabilities, those being the R2000,
Intermediate solar (IS) design and houses that have
insulation levels that correspond to thé‘minimum levels
specified by phé 1980 Ontario Building codes (0OBCS80).
Apartments are of two types; those with insulation levels
of new apartments built today and future apartments that
have a higher insulation level. The heating devices for

houses include the efficient oil furnace, induced and
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condensing gas furnaces, electric‘furnace and baseboard
heaters, heat pump with various back-ups, wood stoves with
various back-ups and active solar with various baqk—ups.
Apartﬁent heating includes hydronic syétems with different
boilers and fuels and electric baseboards. Water heating
technologies include gas, electric and solar. The
air-conditioning category in addition to window and
centralised units include the héat pump (élso used for
heating in winter) and the solar air-conditioner.
@odelling of the residential sector was done in the
following way. Stapting with fhe houses, each house
category require different capacity furnaces, thus each
category had separate arcs representing the possible
technologies that could satisfy the space heating demand,.
"For technologies requiring backup, there is an equality
share constraint on the major_techndlogy, tﬁﬁsupermitting
any of the backup technologies to satisfy demand that |
cannot be met b§ the major technology. Examples are heat
pumps, that are ineffective on cold days, wood furnaces
that need constant refuelling and thus éannot be left f
unattende&? and active solar technologies that cannot‘meet
‘the entire space heating demand. The apartment
technologies are described by one set of arcs which serve
both categories of apartments. The sum of the energy flows
~

from each category of houses combined together with the

total energy flows from apartments give the total_space
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heating demand. Each of the arcs that represent a —
particular technology has an associated cost and an
efficiency. The cost per unit of energy is a simple
discounted cash flow calculation, based on the capital
cost, operating cost, discolint rate and lifetime. The
efficiency term is the efficiency of the device. The cost
and efficiency description not only applies to space
héating Bﬁt extends to ail end-use technoclogies in all the
subsectors. Water heating is mgdelled in a similar way, -
’dith active solar technology requiring backups. The heat
pump can be used for heating and air-conditioning. Equality
share constraint on the arc for air-conditioning péTfmits .
the heat‘pump to serve both air-cqndiﬁioning and heating. Y
The commercial sector is described by space heating,
water heating, air-conditioning and equipment and lighting.
The building structures and heating device® are similar to
those desqribed for the:-apartment buildings. So ié the
modelling methodology.
The idéa} approach in modelling the industrial sector

Lo

would be to consider the major industriés separately.' For
each major industry, the model should incluaelthe'prqcesses
that are being considered as options. This wbuld require
extensive interac?ion with the industries to develop the

database and hence the model could take several man years.

.In the absence of the extensive resources required for such

a task, the industrial sector ha?/péen divided broadly into
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five categories, namely, indirect heat, direct heat,f
electric drives, utilities and petroleum products. [The
indirect heat category is described by coal, nctunglsijs
and heavy oil boilers. Coal, gas, heavy o0il and . -
electricity describe the diroct heat'cotegory.- Thé
utilities are served by natural gas and eloctricity. | '
Petroleum products and propane flow into tﬁe petroleum
products and petrochemical feedstock*noce. Intcrfuel{

substitution in /this stage is only permitted for the ks
indirect heat category. Each arc representing a boiler
technology has an associated per unit cost (described

earlier in this section) and the efficiency of conversion.

—
The other categories are fixed-by market share constraints

- 5
which translate ,into input equality shares placed on the
inflowing arcs, associated with the particular node
{assigned to the category.

The tfansportation sector is represented by seven /”'

categaries, namely auto,_light trucks and vans, bus,

-« trucks, tail}rmarine,aircraft and electric street cars and »
\qubways. In addition to conventional petroleum fuels
f)alternative fuels con51dered in appropriate categorles
; include propane, CNG, LNG diquid hydrogen’, methanol,
-ethanol and clectriclty; Intertuel substitution 15’ .

permitted in auto, light trucks and vans, bus and trucks
categories. Each technology (arc) has an associated per

unit cost and an efficiency. 1In additibn, an input share
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constraint bounds the total demand that can be met by
electyic vehicles. This is because even if electric cars
are cost effective, the limitations in driving range would
probably permit its use only as a second car {(for local
\Eravel):in a household. The rail, marine and aircraft
categories have market share constraints in the form of
input equality shares on the incomging afcs of the (f
appropriate demand nodes.

The end-use demands translate as lower bounds onagse
appropfiate arcs. These demandébare specified either-éé {;\
1e§é1 of service (e.g. kilometres in a tranggsrtation
sectors or as end-use energy demands. End-use energy
demands are defined in terms of useful energy or in terms

‘af fuel energy. The former ;efers;bext e energy after -
qonversiqn from end-use device and is defined as the
product of fuel (energy) times the efficienéy of the

'%nd—use device. This measure of ehergy is indeﬁendent of

tﬁé type of fuel. This description app%ies to.ali demand
categories where interfuel substitution is carried out in
the end-use stage and in those categories where although
only one fuel can.satisfﬁ the demand théfe‘is scope for
efficiency improvement. The latter is defined in terms of
fuel enefgﬁland appii;s to those categories where either
‘tﬁere is only one possible fuel that could satisfy the
S

demand with no efficiency improvements in the end-use
) LRE _

:

‘utilisation device, or where market share constraints have

—

Vs

Jv
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been used to specify the shares of various fuels that
satisfy the particular demand. As no end-use demand J
projeétions éxist for the year 2021 1n the form required by
the model, these demands were'estimated in the following-
way .

In the residential sector end-use demands are required
fdr space heati:;, wqfé{ heatingi alr-conditioning and
appliances and lightfng. Consider space heating demands.
These need to be.computed for each of the housing types. As
the space heating demand per housing unit is known, then
for each housing type, the product of the unit space
heating demand and the number of‘households would determine
the space heatﬁng demand. Let,

A = {RZOOO house, IS house, OBC80 houée, New
apartments, Old apartments}

Dx . . = the total end-use demand for category‘j
(j = space heating) of housing type i

(i € A), in the year 2021

Hrij = the end-use demand j per housing type i,
Nri —— the number of houses of type i ‘n the year
e A - .
2021, ) '

»

then the space heating demands can be computed by,

Dry; = Hrys * Nrg ica S v d.15
LE . .‘ '] = space heating A

The number of housing units that are of stock already built

~ : o7 & ' s
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(
f
/“apd still existing in 2021 can be computed from existing

data. If the number of total hou51ng units existing in

ar

2021 can be estimated (Nr), then Nr. can be determined

from,the following equations.

Nr. = frei * Nre + fro, * Nrn 1€:A eee4.16
Nr = Nre + Nrn ¢ Y W
where,
Nre = the ﬁumber' f house§~of.existing stock in the
g year 2021, X R
frei = Ehe %racfion of existing stock i;\the year 2021
of type i, | ?
Nrn = the number of hOU;QS of new stock in the year
2021, i= . | 6
frni = the_fraction of houses of hew stock in the
\ year 2021 of type 1i. ‘

No direct projections were available for the number of
househ&Tﬁs/in the year 2021. However projections did exisﬁ
. ‘_l

*  exist Sg;;l the year 2006 (gtat;stics Canada, f981). Using
. . . ] ' ' . 6";
this data, a linear regression model was used to project Jf'
the number of households for the year 2021. r
) , .
The air- condltlonlngkﬁéthds are dlsaggregated into demand
" by window air-conditioners ahd demand by central\\\\ o S s

airfhonditioning units. In‘additiop to the above

definitions, let,

B = Windi;;iii:Fénditioners, central air-conditione¥s ,
. N - - ’:
fc = the fracti s X i ir- itioni

ion of households with air condltlonlng,'///_Jf

/7



Prs =\ the totyl end-use demand for category 3o

then,

= O * Lk :
Drj fc 2:([-11':1J Nr.) j € B caed.18
The demands for water heating and appliances and lighting

are not a function of the type of hou;}ng units, these

being given by,

/ \ =

}<i?%- ' Drj = Hrj * Nr jEC : s : f...4.19
éﬁgﬁf '\\§ where, |
e C = water heating, appliances and lighting ,
Hrj - = the end-use demand j per housing unit.
The commercial sector end-use demands to be ccmputed are
for space heating in 0ld buildings, space heating in new
buildings, water heating, air-conditioning, and for
electrical equipment and lighting. Ideally, these demands
could be computed as the product of the end-use demands per
unit of floor space and the totai floor space. As no
\projections could be found for the total floor space in
- 2021, ‘this figure was approx1m€ted by escalatlné current
floor space proportional to the projected populatlon

_S
es%}mates and multiplying this estlmate by a trend factor

'

. that accounts for all increases exc Qt for those due td?

~population, e.g. a boom in office Epace due to an hs

increasing trend of service industries, etc. The space
heating demands are computed in the following way. Let,
D = {old buildingsynew ﬁéj%dlngs}

. A
. . : s
-~ {"_‘Z_'

I
W
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Dcij = the end-use demand for building df‘type i {(i¢D),
for category j, (] = space heating),

Fc. . = the‘end—use demand for building of type i, per
unit of floor space for category j,

frc., = the fraction of total commercial and

institutional floor space of building type i,

Pc,Pp = the current popdlation and projected
population (2021) levels respectively,

FSc,fSp = +the current commercial and institutional f£loor
space and the projected (2021) levels
resééztively, " '??

TF = the commercial and institutional trend factor
that accounts for all increases except for
that due to popdihtion increase,

then, the space heating demands are given by, ' *

Dcij = Fcij‘* FSp * frci iE:D;

j = space heating eaed,20

where FSp, the projected floor space is given by,

FSp = "[FSc * (Pp/Bc)™* TFc] | cevda2l

1
The ai —conditighing demand is the sum of the individual

]
air—conditionidé demands for\both building types. Let, \
t . \

ch be the end-use demand for category j, then the total

\
air-conditioning demand is given by, !

= * . * .,--. » - » ) » R
ch Egcij FSp_ frci ¥fzair-conditioning : v 4422
i€ D f
\

. ' f : :
The waterheating and equipment anf lighting demands are -

L
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given by, |

ch = ch * FS je:{watér heating, equipment
p and lighting} veo4.23

where, ch is defined as the energy demand-j per unit of
floor space.

In the industrial sector demands need to be computed for the
indiregt heat category, direct heat category [demands for
heavy oil, .coal, natural gas and electricity (there is no

/

interfuel subst%%ution), electric drive, utilities, and h
. These demands have been computed by

petroleum produc
escalating current consumption levels to projected

productivity levels, the latter being estimated by

<

-l

multiplying the proportional increase in population with a
trend factor that accounts for all increases except for
population increase (similar_to the commercial and

institutional settor)

[P
LY

Let, ‘ t;
- el . . - i
" °%k;jﬂﬁ_,f__dlndlreCtiheat' heavy 0oil - direct heat, coal -

direct heat, electricity - direct heat, natural
: ¥

.. G . .
gas — direct heat, electricity - electrlc drive,
;o

.f'/

. Di, ﬁ/”lhe\inqﬂgtrial energy demand for® category j,
" = . W,
“(j € E), for the year 2021, i

///) Pij - = the present IHEEQE??ET;energy'demand for

&

ed : .
utilities (fuel), petroleum products and :.

, petrochemical féedstock}, ~

L.

_ category j,

7 i
!
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TFi = the industrial trend factor that,accounts for
. all increases except for those due to'population
increase, N . .
then, !
Dij = Pij * (Pp/Pc) * TFi JE€E eed, 24

In the transportation sector, end-use demands nged to be
computed for passenger cars, light trucks and vans, buses,
railways, marine, aircraft, street cars and subway, and
medium and heavy truQEs. égre again, current levelé are
escalated proportionally to poéulafion increases and

.

mulgiplied with a trend factor that accounts for all

increases excluding the increase due to population. As the

averagexwfstaﬁce travelled by cars and light trucﬁs and

vans -are available, the demands here are computed as a

level of service, i.e. the distance that vehicles in these
f

. A .
categories would need to, travel, as this has a more direct

interpretation of an end-use demand. . For other categories

« the demands are either in the form of fuel or useful energy

nf

as in the earlier i?ses; _ ) =
Let, : ’
= AZ 7 ‘
G = {cars,llght trucks\QQE\jEE§ \\
H = {buses, railways, dlesel -marine, heavy . J)
oil—marine, }et fuel —aircraft, aviatio
——— &
gas-aircraft, subway and street car, medium ‘and
h heavy trucks}
=
Dtj = and in the year 2021 for
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category j, (jE€G) or output energy demand in

the year 2021 for.category j, (j€H), (’ *
Pfj = the annual distance travelled per vehicle
. 3
, belonging to category j, (j€G) or the output

energy consumed currently by category j,(j€H),

TFta the transportation trend factor for cars and .

light trucks and vans that account for all
increases except for that due to population

increases,

>

IF
then the distance demand for cars and light trucks and vans

and the output energy demand for all other categories is
fi\.

given-] - ‘ . . s
\b%jci; ) | Y
Dﬁ3\= Pty * Pp/Pc * TFTa JE€GUH ...4.25{

— . . N L

Finally, to‘conélude the mod descriptionqﬁbqth imports
a?ﬂ exports of séﬁﬁﬂdarylﬁgéps are permitted. Imports are o
represented by infiowing arcs and exports by‘outflowing~ ;ﬁw~f~'/(“
arcs at the E@ﬁropriate nodes. Because expd}ts, in E
general, produce revenues, being a cost minimisa%ign_mjgél,

Eﬁ; model tries to export as mhch as possible. Thus

P

P up?ifféahnd muwst be placed to‘avoid an unbounded soluty

RS

4
A o~
N,
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CHAPTER V
DATA ASSUHPTIONS FOR THE BASE CASE

The base case deséribes a most likely scenario for the year
2021. Prices and availqble quantities of primary resources
represent most likely values, costs of conversion and
utilisation represent best possible estimates and end use
‘demand guantities represent most lég?ly demand. The:data

for each of the stages is described below.

<

5.1 Supply stage

The prices of primary resources (in 1985/dollars). assumed

These prices

(fo; the base case are given in Table 1.
Enblude transportation to major points in-Ontario bﬁt do
not_ipclqde diét?ibution costs which arg—considered
separately. The pricé\of natural gas was arrived at by &

escaliting the Toronto city gate 1985 price at an annual‘,
% .
rate of 1.21%, the rate being derived from projections by

MEO (1985) for the year 2000. The same annual rate was

used to escalate the 1985 price for propane. The price of

uranium reflects an average cost of $170-340 per kg

reﬁprted in EMR (1983%) escalated to 1985 dollaré. The

» -
prices for all oth crude oil

er primary resouéces exc{g?ing
. ” . ~

-
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Table 1. Primary resource prices (1985 dollars)
assumed for the base case (2021).

< RESOURCE PRICE
Natural Gas . $6.21 / McfE
Western Coal - . $128.00 / Tonne
US App. Coal ‘ $97.00 / Tonne
Lignite $71.00 / Tonne
Propane R $0.30 / Litre
Crude 0il $49,00 / Barrel ©
Uranium $297.00 / Kg
Wood $82.00° / odt

.« Wheat $225.00 / Tonne
Barley $191.00° /_Tonne
Corn $198.00 / Tonne
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are arrived at by escalating 1985 prices at an annual rate
of 1%, The instability in world crude oil pricés for the

last fifteen years or so makes it extremely difficult to

project a price for oil. The figure of $49 per barrel
- -

reflects a 2% annual increase on a representative 1985
pfice of $24 per barrel.

Current annual supplies of indigenqus Ontaric natural
gas from Southern Ontarioc gasfields are apéroximatély 5.9
petajoules (PJ) pér year. These gasfields supply

approximately 2% of Ontario's annual natural gas

requirement., Based on an estimate of 320 PJ of remaining

4

guﬁblieg (MEO 1985a), and if production continues at the

same level in the future, the indigenous Ontario natural
: / f

gas supply has an upper bound of 5.9 PJ. 1In recent years,
' e .
the share of Western coal supplies to Ontario is steadily’

- . Foma
increasing. Based on this trend, the shares of coal are

assumed to change, with US coal contributing 70 % of tﬁé;\\

1

total, a decrease from a current share of 82%, the other

_3QE\ieing'supplied by Western Canadian sources, an increase

from~a current share of 18%. .

%
5.2 Non-electric conversion stage- . k

Dq&? for all non-electric conversion technologies was.
adapted from EMR (1983a). A very detailed base case

- \( '
productionEdaét worksheet was available for each pgbcess,

s

' : .
- From this worksheet, the capital cost was calculated as the

-

’ | -

Lo
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. =
sum of the total field, 1and,/Kéme office, catalys} and

chemical inventory, working capital and start-up costs.
The operating expenses were calculated as the sum cost of
catalyst and chemicals, maintainence material and contract

labour, direct labour, administration and support labour

' and other expenses (property takz,insurance, etc.). Annual
: 4
‘by-product credits were the sum total of all non-energy
products produced annually. Table 2 shows cost and

technical data for all the processes.
L]

, Table 3 gives the conversion efflelency for each

.

,f"’“““\\gggeggsiand wherever applicable, the input and output share

i;/ \ -
- parameters. These were calculated from the base case

t . P s .
production worksheets. The conversion efficiency in this

S
. . . ' N
context is defined as the ratio of the output energy

produced to the input energy provided by the major eﬁergy
ihput. As described in the prev1ous chapter, this
parameter is associated with the major energy input arc.
The input share parameter, here associated with the minor
jenergy inpur, is'defined-as the inpyt energy provided by
the minor energy input divided by the suQ~total of the
mlnor and major en gy_lnputs. ObV1pusly, to achleve
energy -balance, the nbde loss parameter for gach node must
be specified as the same valie as the in’uevshere
parameter. " The output share parameter.for an outgoing

energy flow is defined as the energy associated with the

outgoing energy flow divided by the tbzal energy. output

¢

v -

9 e
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Table 3. Technical specifications for model paramaters for nonelectric conversion-

processes {excluding refinery), assumed for the base case (2021)

s
) tHNeEDT. FLOW BUTPUT FoLQW
bE T AT LS DETGA I L §
EQUALITY EQUALITY
' PROCESS ENERGY EFFICIENCY SHARE ENERGY SHARE
BPTIONS FLONS PARAMETER PARAHETER FLONS « PARAKETER
6AG-GASOLINE (MOBIL) NATURAL GRS 04994 - SASOLIKE .-
ELECTRICITY - 0.0132 7, _ PROPANE 0.0543
- ' . METHANDL-5AS0LINE (MABIL]  KETHANOL 0.8027 - BASOLINE -
ELECTRICITY - 0.0011 PROPANE 0.0343
- COAL-5ASOLIRE (MOBIL) COAL 2 - - BASILINE - -
ELECTRICITY -, 0o PROPANE 0,0345
TLORL-FASOLINE (2n12) CoAL 0.559 - 5A50LINE -
COAL-SSLADIESEL SASOL)  COAL 02591 - EASILINE 09137 :
- n . -~ t
- DIESEL - _
COAL-SYNCRUDE {SRCII-3)  COAL. 05488 - SYNCRUDE -
BAS-NETHANAL _MATURAL BAS 9,822 - NETHANOL -
) . BECTRICITY . - 0.0097
COAL-¥ETHANIL - AL 0.2835 - C ommwmo - -
NOOD-METHARDL NOGD 0.4189 - . FETHANOL -
BAS-ETHANCL NATURAL 8AS  0.4IT1 - ETHANGL -
ELECTRICITY - 0.0447
COAL-ETHAKGL o A 0.5 - ETHANCL -
. . BAS - 0.152% ) ;
. N ELECTRITTY - 00314 . . £
' ? ’ ) .
KOOD-ETHANOL " NGO 055 - ETHANOL -
ELECTRICITY - 0, 1583
‘. CORK-ETHANOL C{oRH 0,639 - ETHANIL -
) L ) oAl - 0,230
BARLEY-E THANOL BARLEY 5857 - ETHAKOL . -
COAL - 0,2360
- WAEAT-ETHANDL WHEAT 0.5780 - ) ETHaNy -
CoaL - 0,37T4
BAS-LIOUID HYOROGEN NATURAL 84S 0,837 - LIGUID HYDROGEN - S
ELECTRICITY - 1.2300
™ COAL-LIOUID HYDROGEY * DAL 04646 - LIQUID HYDROSEN -
J‘-,,~,§ . ELECIRICITY - 0.2230 g ' 3
ELECTRICITY-LIQULD WYDROGEW FLECTRICITY  0.s008 - LIOUID KYDROGEN -
LONPRESSED NATURAL GAS NATURAL GAS r - CONFRESEED NATURAL GES -
. ELECTRICITY - 0.9250
: LIGUIFIED MATURAL BAS °  NATURAL 5AS 1 - - LIGUMFIED MATURAL GRS -
ELECTRICITY - 9,0571

data adapted from EMR {1983a)

Lo
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produced from the process, i.e. the sum of all outgoing

"
flows. €5y

Data for the refinery sector was calculated from

Nelson (1974a,b,c,d}. This was done by selecting an

~
average sized refinery and identifying the processes that
woulg make up-thé two kinds cf refineries described in the
previous chapter, 1i.e. a refinery with a smaller and with
a larger share of lighter refined prbducts. For each of
the refineries, the comblexity and capital cost”/was
determined for each process. Table 4 gives detagls of

- .
refinery makeup andncomplexity. Operating expenses,
amongst other factors are a function of complexity. AThis

was calculated using thegbomplexity figures described in

Table 4 and the function

1975 a,b,c,d). The assumptions in calculating o erating
| . op

described in Nelson g1974e{f and

expenses were kept identical to the non-electric

technologies described above. Table 5 gives overall cost
w R

details and the output range of products for both the

refineries. °

5.3 Electric'conversion #tage

Data for the electric sector was largely taken from Ontario
Hydro (1985). Table.G shows'cost and technical details for
new non-renewable generating options. Table & shows é;st
and technical details for new hydro options in the

categories required in the model. Ontario Hydro (1985) ‘' °©

)

.
Loy

N

AN



Table 4. Capacity assumptionsiand process complexity
associated with processes for an average sized
refinery assumed for the base case (2021)

Refinery capacity : 100,000 barrels/day

Refinery processes E) capacity complexity
' b/d .
Crude distillation 100000 — 1.000
Vacuum processing 50000 0.780
. Hydro~desulphurisation 45000 1.190
Sulphur recovery process 500 0.425
~Hydrocracking and hydrogen man. 18000 5.240
Coking plants 14000 1.070
Viscosity breaking wpnd alkylation 8400 1.000
Catalytic reforming \ 18000 1.190
Catalytic cracking 45000 ' 2.740
_— C?
N.B. 1. The refinery with arlarger share of lighter e

refined products has all the above progesses. :

*—The refinery complexity = 14.645 '

2. The refinery with a smaller share of fefined
products does not have catalytic cracking and
hydrocracking facilities. The refinery complexity
= 6.665

Table 5._bata for cost and percentage range of refined

products associated with the low and high capacity

— refineries assumed for the base case (2021)

Refinery capacity :-100,000 barrels/day :
Low High

complexity complexity
) refinery refinery
\ Description {6.665) ' (14.645)
. Costr (19738)
Capital cost (MS$) 135.49 o 236.79
Operating cost (MS$) 13.89 : 24.34
‘ Enerayﬁshares2 range in % share of output streams
lower upper lower upper
Gasolines 0.1313  0.2120 0.3730  0.5232°
Distillates 0.207) 0.2931 0.2654 0.4267
Heavy oils 0.5269 0.5318 . 0.1347 0.1374
Propane_ 0.0064 0.0065 0.0207 0.0281

l. Adapted from Nelson (l974a,b}c,d)'
2. Adapted from Texaco Canada (1983)



Table 4. Techniral and cost detailc
opticns assumed for the ba

New benerating
Option

Natural gas - cubcritical

Hatural gas - supercritical
Light oil - CTY

Heavy oil - Subcritical

Coal - FFL suberitical

foal - PFC supercritical

Coal - AFEC conventional

Lignite - PFC subcritical
Uraniua - Darlington NES design,,

N.B. 1.

ﬂJ:::;:;ﬂepartment af Energy (

-
/’
./’/
P B
Ae .
4
aq
LY
.
for new fossil and nuclear based gennratzoﬁ =
se case (2021}
D Lead
Capital  Annual  Tine
Station  cost -0 tost during  Plant  Availas
size (19338} 11983%) constr. Uidetime b:lity Conversion
L $/hM $/VW fyears) (years) Factor efficiency.
41t BOG 497 7 I 4 0.80  0.3400
241300 555 8 Mmoo 0,80 0,3504
s 23 788 z 5o A0 0.80 06,2435
41 300 944 i3 1 « 10 0,80 6,3494
4% BOH 98I 9 1 40 0.80 0,354%
21 1300 B9y 1 t 40 0.80  0.744)
41 200 (244 23 11 40 0.86 - 0.7500
40 200 1732 24 1" 40 080 0,7200
41 830 1394 2 14 4n .85 -

ALl data taken from Ontariz Hydro 1199%) srcepting for conversicn efficiency
data, which has been t2lculated baced on Ontarin Kydro (19850 and 4.5,
19821, .

'
L
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gives details_én each hydro site available for.the 2 to 10 -
MW and greater than 10 MW categories. All planté that had
capacity factors 1@55 than or equal to 0.2 were considered
as dedicated peaking uﬁits. The data in Tabie 7 represents
the sum of costs amd technical parameters for all hydro
options that make up a particular category. Table 8 shows.
technical details oh generating'optionézof existing stock.
All hydro'plants currentLyAPReratiﬁg ﬁhich have been built

after 1945 are included in the hydrd options. The nuclear

i

options of existing stock includes the Pickeriné B, Bruce
B, and the new Darlington plant.

Figure 3 shows the annual load duration curve for
Ontario for the yéar 1985. The shape of the annual load
curve 1is gssumed to remain the same. Thé annual load curve
is approximated bf four strips such that the area under the
approximated four-step load descriétion is equal to the
area under the lcad curve. The break points on the time
axis were chosen at 200, 2000, 6000 and 8760 hours, these
figures reflecting the practiﬁe‘in models that have been
developed (Systems Control Inc., 1978 and Soyster and
Eynon, 1979})}. The break pbint on’thg extreme end of the
power axis was 100 %. Thg choice of the other three
breakpoints was determined to be at 50.5%, 68% and.?9%,
such that the area under the load curve for each mode

(specified by the above time breakpoints) is equal to the

area of the corresponding strip. The energy shares

?LLj;j
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/
corresponding to the above breakpoints are approximately

0.7% for seasonal peak, 3.8% for daily peak, 18.3% for

cycling and 77.2% for base.
- _;"‘

. , y

5.4 Transportatién and distribution-.stage

-~

The transportation and distribution costs for applicable \
fgels are shown in Table 9. For natural gas, the price in
tﬂg supply stage, includes transportation to Toronto (city
gate price), therefore at this stage the costs of
transportation and distribution within Ontario are
considered. The costs were arrived at by subtracting the
1985.T0ronto eﬂﬁy gate price fgom the average price to theV
end~-use sectors, and es&alating this cost at a rate of 2%

for 36 years. Costs oF liquidffuels include the cost of
transportation to dist}ibution odtlefs-and the cogts of
distribution. Based oﬁ EMR (1983ai,‘the transportation and
distribution costs for gasoline was assumed to be 34;75 <;“’
(1985- dollars) per litge. This fﬁgure‘has beeQ,gﬁcalated

at 2% for 36 years forﬁall petroleum fuels.mfFor alcohols,
the same cost as:;he above petroleum fuels hés been

assumed. This probably udéérestimates the- costs, at least A

-

in the case of methanol, where there wog}d be additional
L N

[y

costs for replacement of existing storage systems (methanol
. T———

“has a corrosive effect on the materials that are currently

being used for storage). However, with no data existing on

o
"~ the subject, the same cost has bed&n assumed. LNG
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Table 9. Costs associated with the transportation

and distribution stage (1985 dollars)
,—sj assumed for the base case (2021)

COST
. Tran. & Dist. stage
FUEL (s / GJ)

Natural. Gas 1.890
Gasoline - 2.520
Diesel 2,495
Propane - 3.785%
Ethanol 4,176
Methanol . 5.354
Aviation gas 2.890
Jet fuel 2.697
Light fuel oil 2.495 L
Heavy fuel oil . 2.324
LNG : 4.746
Liguid Hydrogen - 5.763
Electricity " 5.671
Woed ~ 2.350




-

tranéportation and distribution costs,' are higher than
‘petroleum fuels, since they wduld require kpecial cryogenic
tanks and delivery outlets. EMR (1983a) report an
additional cost of §1: per GJ (1982 dollars) of energy. The
cost given in Table 9 was arrived at by escalating the cost
-at 2% for 36 years. No estimates ekist for liquid
bydrogen's transportation and distributicon costs. However 
EhR (1983a) reports that costs would be extremely high due
to its a@ded storage Qolume which is aﬁproxjmately three
times moré«%ﬁan gasoline on an equal energy basis, and dhe
to specially built cryogenic tank vehicles for_
transportation and specially built.storage énd,pumpiﬁp
facilities. Both of these special facilities would necd to
be designed with Safety features due to the fuel's low -~
goiloff limits. The figure in Table 9 represents an
estimate based on tﬁe above discussion. The transportation
and qistributiqn costs for wood are based on a cost of §17
(1981 doliars) per oven dried tonne (odt}, reported in MEO
(1981), escalated at 2% for 36 years. The transportation
and distribution cost for eleétricity was estimated as 1
cent per kwh‘(1985 dollars), again escalated at 2% for 36

-

years. ™

For all liquid fuels a loss factor.of 0.3% was taken.r

The loss factor for natural gas was taken as 8.4%.

- ”~

Electricity's loss factor was taken as 7.07%. These

-

fidures have been taken from Sullivan et. al (1980).
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5.5 End-use utilisation stage
\Data for the end-use stage 332 determined from various
soﬁrces.f Tables 10 and 11 ‘show cost and technical detaiis
for space heating technologies for houses and apartments
respectively. The figures in Table 10 apart from s?lar
technology were based on MEO (1983) and Economic Co&ncil of
Canada (1984). For active solar a'system cost of $500
(1979%) per square metre of collector area was reported in
Seymour (1979).f\The average heat energy suppiied is 1200 B
MJ per squafé meﬁfe-of cOliector a?ea per year. Based on.
this, the R2000 house reéuires 13.5 squaré metres of

-collector area. Due to constraints ‘such as structural

. : . L, -
strength of the roof or the land area required for the
- . I

19

collectors, etc., the maximum cpliector érea that could be
installed on an average house is approximately 15 square
metres. Based on the heating loads for the IS and OBCS80
houses (see Table 16), both would réquiré more ‘than the

maximum level. Considering the above limitation, both

house categories have 15 square metres of collector area, fr'k

active solar technology providing only a share of the total
space heating requirement. Since 1979 however, there has

‘
been a decrease in costs as improvements have 6ccured,'
therefore a system cost of $400 (1985$) per squafe metre
per vear has peen uséd to-calculate solar energy costs.

The estimates on apartment heating costs (Table 11) were

based on MEO (1983) and on discussions with various
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Table 10. Cost and technical data for space heating options for different categories of houses
agssuaed for the base case (2021}

. ST e
Capital
cost($) Device
TECHNOLDRY R2600H ISH  OBCBOK Operating Currency Device Lifetime
OPTION : (4 kW) (6 kW) 67,5 M cost($)  year Efficiency (years)
Condensing gas furnace ' 1720 1980 2175 35 1981 0.92 20
Induced gas furnace 1107 1304 1453 33 1981% 0.80 20
Light oil furnace 933 1100 1225 40 1981 0.75 20
Electric baseboard 733 1100 1223 0 19814 } 0 . .
Electric heat puap 3100 3400 3700 70 19813 1.90 20 \Q\ .
¥ood cambination furnace 1330 1700 1927 85 1981 0.65 20 N
Active solar - space heat 3900 200 - 7200 4O 1985% - 20 N

N.B. 1. Data adapted +ru$various sources. See text for details &
2. R2000H : High insulation design houge
ISH  : MNedium insulation design house
DBCBOH @ Low insulation design house ' -

-, _
Table 11, Cost and technical data for space heating options for Aparteents
assused for the base case (2021)

i 2
B Capital Operating Device  # of
TECKNDLOGY cost cast  Device  Lifetime apartaents
OPTION {1985%) Efficiency {years} serviced
é.

Condensing gas boiler = £505 20 0.87 20 4 \__‘:E)
Induced gas boiler 4683 - 90 0.80 20 A
Light oil beiler 4107 160 0.75 20 - A
Electric boiler 4107 I8 | 20 < s
Electric baseboard LA | 20 fﬁ“‘t\\

N.B. 1. Data adapted from various sources. See text for details }

IS

~
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personnel connected with the supply and installébion.of

apartment boilers, Table 12 shows cost and technical
aetails for water heating and air—co@%itioning equipméﬁft?
Detalls on water heatlng (exceptlng tolar technology) and
Solar water heatlng costs ranged from approxlmately $6500
in 1978% (MEO, 1980), $6000- in 1979 (Seymour, 1979), and
$4000 in 1983% (Aﬁdreys and Wilkins, 1983). Tﬁése syétéms
provide approximately 70% of. the total watef heating' |

_ \ -
requirement for a household.~\EEE§d on these‘;igures and

allowing for further cost decreases, a figure'@f 55000
(19355) per system'waé used. No recent estimates on solar
air-conditioning could be found. Middleton Associates
(1876) reported an estimgte of $4000F(1976$): In the

absence of more recent estimates and allowing for

improvements, a figure of '$3000 in 1985$ was assumed .for

the cost of solar air-conditioning. 1In the absence of data

for water heating costs in apartment buildings, the-data
for houses was used. Although the costs would represen£ a
Ligher-estimate, as economies of scale would decrease costs
in the case of apartments, it is assumed that the relative
relatlonshlp in costs between technologies would stlll
remain the same.

The heat pump is as%umed to provide 70% of tﬁe total
heating load as hegﬁ pumps do not operate during very cold

days. Wood furnaces are assumed to provide 90% of the

.l
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Table 12. Cost and technical data far water heating and airconditioning options for
houses assumed for the base case {2021) ‘ ,

RN I -
Capital Dperating ) Device
TeCHNBLOBY levice cost cost  Deviee. Lifetime
gPTION - Capacity {19838) . Efficign:v lyears)
Standard gas water heater 30 gallons -, 249 - T 0.8 20
‘ Flueless gas water heater 30 gallons 473 - . 0.8 20
Electric gas water heater 30 gallons, 21§ - ! 2 7
Active solar water heater 30 gallons 4000 0 - . T2 -
Electric window air-conditioner 3000 Btu 500 - 3 20 .
Electric central air-conditioner- 3 ton 1623 2 . ] ﬁ?' L
Solar rentral air-conditioner - 3 ton 4000 20 0.8 20 . S

N
Table 13. Cost and technical data fﬁr industrial boilers assumed for the base case (2021)
Boiler Capital . ﬂperitinq Device
TECHNOLOBY size cost cost  Device Lifetise
QPTION Ib/hr steam . (197985 - Efficiency (years)
Industrial gas boiler. - 100000 2260 . 235 0.80 20
Industrial heavy oil boiler 100000 3200 3o 0.75 0 .
~ Industrial coal boiler + 100000 7300 440 0.80 20

- Data source: Canadian Energy Research Institute (1979}
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heafing load as these need constant refuelling and neei to
be attended regularly, in the absence of which (roughl? 10%
of the time), these would not work. The solar space
heating technolecgies, based on the maximum collector size
and the heating loads provi?e 92% of the heating load for
IS houses and 48% of the hegtlng load for the OBCBO houses.
Also, approximately 10% of the heat ehergy supplied‘is

required in-the form of electricity to run the active solar
4

-
. 1

‘technology. This translates to an input équality share of
0.0909. S?iar water heating technology is assumed to
provide 70% of the total water heating demand as mentioned
earlier in this section. The heat pump has an output share.

16% for

of approximately 84% for space heating and
. ~

air-conditioning. These figures are based 5; heating and
air-conditioning loads (see ™fe 16). The shares of
hééting loadsﬂéor each house énd apartment cét?gory are
dependent on the number of houses of-each type and the
individual heating loads; both of these égé described later
in this section. > -
For the_commercial and institu;ional sectpr, data for

apartment builﬁings were used,

| Costs and technical specifications for various
Kindustrial boile}s are shown in T;h;e 13. These costs were
taken from Canadian Energy Research Institute (1979). For
the utility subsector in the industrial sector, it is

’

assumed that natural gas would supply 65% of the total
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energy, the other 35% being supplied by electricity. In
the direct heat éategory, the shares of gas and heavy oil
are assumed at an 8% level each, coal at 83% and
electricity at 1%; these figures represent 1985 levels,

- Table 14 shows cosgland technical data for the auto and
light tfucks and vans categories of the transpbrtation‘
sector. The costs were based on figures reported in-EMR
(1983a). The end-use utilisation energy éffigiencylfor
these two subcategorie§ is defined ésfmillions of
kilometres per peta joule of input energy. For gasoline
cars, the efficiency figure in Table 14 corresponds to &

fleet éverage'efficiency of 8.5 litres per 100 kilometres.

The end-use. utilisation energy efficiency is the same for

alcohol blends and liquid hydrogen. For diesel, alcohols,

propane, CNG and LNG, a 10% improvement in energy
efficiency has been assumed. This efficiency improvement
is due to higher compression ratios associated with engines

running on these fuels. For electric cars the efficiency

figure corresponds to 0.5 kWh per mile reported by Hedley

et al. (1976). For light trucks and vans running on
gascline, the figure corresponds to 11.4 litres per 100
kiiometers, the average efficiency figure for this category
in'1985. All other efficiencies have been relatively .
scaled. Table 15 shows cost aﬁd technical features for all
the other_remaining categories in the transportation

sector. The cost categories are defined for 'those sectors

PN
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Table 14, Cost and technical data for auto and light truck and van categories assuaed

for the base case (2021)

\{a
R Incresental
Capital cost  Device Davice
TECHNDLOGY ‘. per vehicle - Efficiency Lifetise
gPTTON (19824} Nka f P} (years)
Propane - auto 300 B6.08. 10
Methanol - auto 500 386,081 10
Ethanol - auto ) 500 384,08 10
CNG6 - auto 500 36,08 10
LN6 - auto 500 385.08 10
Gasoline - auto 0 3048 10
Diesel - auta 0 384,08 10
¥ethanol-gasoline - auto 120 350.98 10
Ethanol-gasoline - auto 120 350.98 10
Liquid hydrogen - auto 5000 330.98 10
Electric - auto ' 1500 395.60 10
Propane - light trucks & vans + 300 287.846 10
Hethanot - light trucks & vans 500 287.84 10
Ethanol - light trucks & vans 500 287.86 10
NG - auto & light trucks & vans 500 287.86 10
6 - light trucks & vans 500 287,84 10
Z:suline - light trucks & vans 0 1,69 19
Diesel - light trucks & vans 0 287.86 10
Hethanol-gasoline - light trucks & vans- 120 261,469 10
Ethanol-gasoline - light trucks & vass 120 201,69 10
Liquid hydrogen - light trucks & vans 5000 261,49 10
Electric - light trucks & vans 1500 10

\

414,40

K.B. For data sources éee text

[ N )
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N

Table 15, Cost and technical data for bus and truck

categories assysed for the
base case (2021)

Incresental

« Capital cost Device

TECHNDLOGY per vehicle Device  Lifetine

OPTION : 711982%) Efficiency  (years)
Propane - bus 1500 0.24 7
CNS - bus 1500 0.24 7
LNG - bus T 1500 0.24 7
Mathane) - bus ' 1500 0.24 7
Ethanol - fus . 1500 0.24 7
Liquid Hydragen - bus 15000 0.22 7
Diesel - truck 0 G.24 7
\\ " Propane -~ truck = 3750 0.24 7
CNB - truck 3750 0.24 7
LN6 - truck 3750 0.24 7

Hethanol - truck 3750 0.24 7.
Ethanol - truck 3750 0.24 7
Liquid Hydrogen - truck 37500 - 0.22 .7

>

C X

ﬁs. . N.B. For data sources see fext a
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. I

where interfuel substitution is permitted. For the others,

A
the shares of fuels are fixed, thus no cost estimations
have been done. For the buses and trucks category, the

costs represent roughly half the percentage increase in the

. cars category, since the cost for the changes, i.e. for

-engine, fuel system, etc., in proportion to the parts that

do not change, drive trains, suspéesion systems, etc., ™~
would be less for buses and trucks than for the cars. The
efficiency term here is defined in the standard way i.e.
ratio of output energy to input..

Market penetration for electric vehiclés has an upper bound
of 20%. This figure reflects the technolegy Jimitation.in
driving range. Thus\eveh if electric cars .are cost
effective, they perhaps would only compete as a second car

in a household. OtHer shares include, 0.4% share of &

aviation gas to the total aircraft energy requirement, the

- rest being provided by jet fuel, and a 47% input share of

diesel for marine category, the'rest being provided by

hiéﬁx 0il. These values represent actual shares in 1984.
Houses, apartments and commercial and institutional

buildings built after the year 1950 are assumed to exist in

the year 2021. For the residential sector this amounts to

a total of 1,865}261 household units that would be existing

in the year 2021 out of the household units currently

.existing (Statistics Canada, 1987). The ratio of houses to

. \
apartments for the existing stock was taken as 61:39 (MEO,
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1985b) with 99% of the houses belonging to the OBCS80

(houses with insulation levels described by 1980 bu1ld1ng

code) and 1% belonglng to the IS (houses with insulation
levels inbetween OBC80 and RZOOO houses) category. As no
data were available to estimate the number of commercial
and institutional buildings, based on residential data, 34%
ot all—buildings in this category existing in 202) was
assumed as existingAstock. l\l

The values of parameters used to determine certain
shares (mentioned earlier) and end-use demands are shown in
Table 16. As described in thg p?evious chapter,;the
end-use parameters are defined in terms of useful energy or
in terms of fuel energy. The space heating loads for
different ﬁouses was taken from EMR (1983c). Space heating
for old apartments, water heating and appiiances.and )
lighting loads per household are reportea in terms of fuels
in MEO(1985b). These were translated into uéeful energy
demands by multiplying the fuel demands by their device
efficiencies. New apartments. were assumed to be 30% more
efficient than old apértments, the figure obtained from MEO
(1985b). Air—éogditioning loads for OBC80 house caLegory
was taken from Middieton Associates (1976). For the
commercial sector, the parameters were again available in
the form of fuel demands {MEO, 1985b). These tbo were

translated into, seful energy demands by multiplyiné the

fuel demands bj their device efficiencies. New commercial

w
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TABLE 16. Spécifications of technical parameters of the
' end-use stage assumed for the base case (2021)

END-USE
DEMANDS/SERVICES
CATEGORY TYPE PER YEAR

RESIDENT I}’\Ll
Space heat R2000 house Useful 16.20 GJ/unit
“Space heat IS house Useful - 39.10 GJ/unit
Space heat OBCB0 house Useful 74.41 GJ/unit
Space heat New apartments Useful 12.60 GJ/unit
Space heat 0ld apartments Useful . 18.00 GJ/unit
Water heating Useful 20.41 GJ/unit
Window a/c units-OBC80 house Useful. 2700 GJ/unit
Central a/c house-0OBCB0 house Useful 7.20 GJ/unit
Appliancesz& lighting Fuel _ 20.61 GJ/unit
COMMERCIAL : 5 7
Space heat New buildings Useful . 0.66 GJ/m2 .
Space heat 0l1d buildings . Useful 0.94 - GJ/m2
Water heating Useful 0.04 GJ/m2
Air conditioning - 0ld bgs. - Useful 0.18 GJ/m2
Equipment 3and lighting Fuel 0.28 . GJ/m
INDUSTRIAL™ {1984 demands) : - )
Indirect heat - Useful 268 PJ :
Direct heat - coal , : Fuel 211 PJ
Direct heat - heavy oil Fuel 40 PJ
Direct heat - natural gas Fuel 40 PJ
Direct heat - electricity Fuel 3 PJ
Electric drive. Fuel 119 PJ
Utilities , Fuel 71 " PJ
Pet. prods. & 4Pet.ch. fstk. Fuel 204 PJ
TRANSPORTATION (1984 demands)

Average distance per car Useful 16210 km

" Average distance per van/l.t. Useful 16890 km
Buses Useful 7.43 gJ
Rail Useful 21.60 J
Marine - diesel Useful \ 7.29 PJ
Marine - heavy o0il Useful 12.50 PJ
Aircraft - aviation’'gasoline Useful 0.26 PJ
Aircraft - turbo jet fuel Useful 42.38 PJ
Truck - Useful 15.77 PJ
Subway and St. cars Fuel 1.37 PJ

1. Data for space heating loads for houses taken from EMR
(1983c). Data for space heating in apartmentsy. water
heating, and appliances andlighting have been adapted
from MEO (1985b).

2. Data adapted from MEO (1985h) : -

3. Data for distance travelled for cars and lt.trucks and ////
vans taken from SC (1985). For all other categories data
adapted from SC 51986).‘ :
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buildings are also assumed to be 30%. more etficient than

existing buildings. 1984 figures for the industrial sector
. &

were taken from MEO (1985b). The average distance
travelled by a car and é light truck and van were‘takené?
from Statistics Canada (SC, 1985a). The 1984'fuel ;ﬁ
consumptions were reported in SC (1985b). Wherever
required, these have been translated to useful energy in
the manner described earlier.

The values assigned to certain additio;al parameters
that the model uses to determine end-use definds are given °
in Table i?. Population progections for both Canada as a
whole and the provinces exist, starting with a base year of
1983 and extending up to the year 2006 (SC, 1985). The
projectiohs'for total Canadian population furthef_extend up
to the year 2031 in steps of five years, Starting_ﬁith a
meéium growth projection series the.projected fraction of
Ontario'é'populéﬁion to total Canadian population from ;;e
year 1983 to 2006 was used as data for construction of a
linear-regression model.- The fraction obtained from the
time series modél for the year 2021 multiplied with the
projected value for the total Canadian population for the
year 202i producéd the estima%% for Ontario's populétion
for the year 2021. 1In a similar manner a linear regression
model for determining the number of housgholds in the year

2021 was based on medium growth projected data given in SC

(1981). All other values given in the table were based on
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Tab;e\IT. Values of parameters for projection of
end-use demands for the base case (2021)

‘'PARAMETER - VALUE
Population (millions) 10.4764
Housing unqts (millions) 5.5979
) Fraction of housing units that are houses 0.39
Fraction of houses of the R2000 type 0.45
Fraction of houses of the IS type 0.5
Fraction of houses of the OBC80 type 0.05
Fraction of housing units with a/c 0.8
Fractional improvement in heating loads of
of new apartments and C&I buildings over :
existing buildings 0.30
H . C&I floor space trend- 2.51
' Industrial production trend . 1.82
Transportation trend (all categories )
excluding auto and light trucks & vans /} 1.00
Auto & light trucks & vans trend | 1.55
{
b

/f"“\
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TABLE %8. End-use demand projections for the base

4 case (2021)

END-USE

CATEGORY ] TYPE DEMANDS /SERVICES
RESIDENTIAL
Space heat R2000 house Useful l16.1 PJ
Space heat IS house Useful 43.65 PJ
Space heat OBC80 house Useful 97.04 PJ
Space heat New apartments Useful 19.14-PJ
Space heat 0ld apartments Useful . 11.94 pJ
Water heating Useful 114.23 pJ
Window air-cond. units Useful 15.94 pJ
Central air-cond. units Useful 21.54 PJ
Appliances & lighting Fuel 115.37 BPJ
COMMERCIAL
Space heat New buildings Useful 194.32 pJ
Space heat 01d buildings Useful + 60.78 PJ
Water heating Useful 14.40.P0
Air conditioning ‘ Useful 47.49 PJ
Equipment and lighting Fuel 100.80 PJ
INDUSTRIAL |
Indirect heat . Useful 571.37 PJ
Direct heat Fuel - 542.59 PJ
Electric drive Fuel 253.71 PJ
Utilities Fuel 151.37 PJ
Pet. prod. & Pet.ch. fstk. ‘Fuel 434.92 PJ
TRANSPORTATION .
Auto _ Useful 121.16 Gkm.
Light ‘-Trucks & Vans Useful 21.08 Gkm
Buses Useful 2,27 PJ
Rail Useful 6.60 PJ
Marine Useful 2.75 PJ
Aircraft ) Useful 14.99 PJ
Truck . Useful 18.53 PJ

Subway and St. cars 'erl 1.61 PJ

r

~
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.tfends reported in M%O (1985b,1986). Based on these valﬁé@
the end-use demands %or each category are shown in Table
18. )

A discount rate of 8% was used to amortise all capital

. ~
costs for production (with the exception of electrical
generation planty) and end-use technologies over their
respective lifefimes., A discdunt rate of 3% was used for
electrical gene¥at10n plants, the 3% figure being the
actual rate used by Ontario Hydro. v

Imports or exports for refined products were not
permitted for the base case. For electricity, expogps were
permitteé upto a level of 50 PJ and were priced at 4.533
c/kWwh (1985$). The price figure represents 1985 export
price escalated at an annual rate of 1% over, 36 yea@s and
the upper bound reflects current export levels..

Lastly, WATEMS permits data input in terms of nétural
units. However, a conversion factor defined-as the number
of basic units per natural unit must be specified {defined
in 3.1.2.4). The basic unit for the model is the peta
joule. The conversion factors for var%Fus resources where
natural units hai;ibeen used are given in Table 19. The
conversion unit for uranium- converts directly to petajoules
of electricity.

The above data was entered into spreadsheets. Details-

on data input along with the input spreadsheets are given

in Appendix A. The model has 419 variables and 242
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Table 19. Cpnversioﬁ factors for primary energy
resources and fuels

-
" .
— NUMBER OF

* BASIC UNITS

RESQOURCE / NATURAL PER NATURAL
FUEL h UNITS UNIT
Natural g?s 103 McE 0.00107
Western €oal 103 Tonnes 0.02933
US App. Coal 103 Tonnes 0.02999
Lignite lO3 Tonnes 0.01534

Crude 0il 103 Barrels 0.00610 B}
Wood ‘10” Tonnes 0.02000
Uranium Tognes 0.18054
Wheat - 103 Tonnes 0.01420
Barley : 103 Tonnes 0.01420
Corn 106 Tonnes 0.01420
Propane 107 Litres 0.02560

Electricity gWh - 0.00360

15

Note: The basic unit is the peta joule (10 joules)
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constraints. Results of the base case are analysed in‘the

following chapter.

&



CHAPTER VI
RESULTS FOR THE BASE CASE

Figure 4 shows primary energy consumption for the year 2021
as calculated by the model for the base case. The primary
en%rgy consumption increases from 2830 PJ in 1984 to 4014
PJ in 2021. There is a signifiqant change in the primary
mix with a substantial decline in the Shére‘of oil and
substantial increases in the share-of nuclear electricity
and coal (Figure 5). !; '<:KXf*\“

The end-use fuel co%sumptions are shpﬁn in Figure 6.
In particular the share of coal in the total fuel mix (
increases sharply (Figure 7). This increase is due to coal
substitution in the indi:éct heat category in the |
industrial sector, despite highef capital costs of coal
- boilers relative to gas and oil fired boilers. '+ As
mentioned earlier, the model does not distinguish between

different industries, the indirect heat category represents
T f

an average of cost and efficiency parameters for the entire

range of boilers used in industry. ‘The increase in coal
share therefb;e represents an upper limit on the possib%e‘
increase. 1In reality, the cost effectivéness would only

hold for some industries. There is a decrease iﬁ the sharéth

I
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n.gas (987 PJ)

nuclear (563 PJ)

: hydro (103 PJ)

other (3 PJ)

K ' " Total primary energy consumption (base case, 2021) = 4014 PJ

104

e
crude oil
(970 PJ)

coal (1388 PJ)

¢

*
[Total primary energy consumption (1984) = 3432 pJ .
\_f Average % increase per year = 0.42 ]

* MEO (1985hb) :

—

Figure 4. Primary energy consumption (base case, 2021)
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n.gas (889 PJ). oll (927 PJ)

elec. (611 PJ)

coal (1235 PJ)

<+ Total end—use fusl consumption (base case, 2021) = 3662 PJ

*
[Total end-use energy consumption (1984) = 2404 PJ

Average $ increase per year = 1.14/]
* MEO (1985Db)

g

Figure G.I-End—use_fuel consumption (base case, 2021)
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Figure 7. End-use fuel shares (base case, 2021)
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of oil. 1In the residential and commercial sectors oil
consumption is\nil {since other technologies are more cost’
effective). The share of oil decreases both in the
industrial as well as transportation sectors.

Results showing fnarket shares are shown in Figures 8§
and 9. The decrease in the share for the ?esidential
sector is main}y due to better désign;d éﬁergy efficient
buildings and heating devices. The realative increase in
the share of the industrial sector to a high level
(approximately 59%), reflécts to some extent the
inflexibility of the "under-modelled" industrial sector.
Despite higher‘capital costs,_better‘efficiency of electric
vehicles leads to low operating costs which makes eEectric
vehicles coét effective relative to %nﬁer technologies in
the Auto and Light truqk categories. Market penetrati%g i?

at the maximum allowable level of 20 %. As electric

vehicles have nearly twice the end-use energy efficiency in

comparison with gasoline vehicles, this is reflééted in the
dec;eage in the tfansportation market share. |

The share of electricity in the total énd—use fuel
energy remains nearly at the same level as 1984. There is
an increase in electric énergy generation, with nuclear
géneration having the lafgesfﬂéhare (78%), followed by
hydro (14%), fossil (8%) and a very small fraction by

municipal refuse. The above least cost generation mix ‘is
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in accordance with the expected trend of an increased share

of nuclear generation. Ontario Hydro estimates that by
1993, the year by which all current commitments are
completed, the generation mix would‘consist of nuciear
power with a share of 70%, followed by hydro (24%) and
fossil generation (6%). Figure 10 gives thelf%wer and’
energy produced from the type of plant and médé of* '
qQperation. The base load is entirely provided by nuclear
t

power. - The cyeclic or interﬁbdiate load is nearly entirely

met by hydré and. coal generation, and a very small fraction

by the reconditioned municipal refuse plant at Hearn. The

daily peak mode is met by hydro and coal generaEioq, The

seasonal peak by hydro and gas generation. The total peak

.

. power load is approximately 43 GW. .

Figure 11 shows end-use energy consumption for the
resideﬁtial sector. For houses, the induced gas furnaceérs
the preferred option for the R2000 and the Intermediate
Solar house, and the condensing gaé furnace for the OBC§0
house. The ;Fason for induced gas heating in R2000 and the
Intérmediate:Soiar house over the condensing gas furnace is
that the induced gas héating‘ha€~a lower capital cost than
the condeﬁsing gas -furnace and as the energy r;quirement
for bqth these houses is low, capital coéts dominate making
this option more cost effective. However,‘with energy

requirements per household_increasing for the OBC80 house,

the better effiq}ency of condensing gas furnaces reduces
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IS house
(induced gas furnace;
55 PJ)

R2000 house
(induced gas furnace;

20 PJ)

apartments
(hydronic ~ induced
gas boiler; 39 PJ)

AIR CONDITIONING
- (elec; 12 PY)

SPACE HEATING

G
0BC80 house-
(condensing gas

furnace; 105 PJ)

WATER HEATING
(gas; 143 Pu) ___ APPLIANCES & LIGHTING
(elec: 115 PY)

Total residential energy consumption (base case, 2021) = 490 PJ

N, ~ ' *

[Total residential energy consumption (1984) = 448 P¥
Average % increase per year = 0.24 ] - : .

* MECQ (1985b) v

Figure 1l1.  Residential energy consumption by
end-use {base case, 2021)

? c 80 < . O 1984
R 2021 (base case)
° E60- ,
g @ “7
3 3404 ?
:'z kS % f/g_z 23.6

20 / 17 / 7
. / / 13 /

D D 220 [V
- sp.heat w.heat  air—cond. app.&tqg.

« MEO (1985b)

Figure 12. Shares of, residential end-use sectors
{base case, 2021)
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Operating costs and compensates for the higher-capital

Cost. For apartment buildings, hydronic heating with
induéed gas boilers is thg most cost effective amongst the
technologies considered. Water heating by natural gas is
more cost effective than electric. It is worth noting that
this is so in spite of the fact that the .capital cost for
the flueless gas water heater (thekfype considered here) is
double that of an electric water heater. Solar space and
water heating do not appear in the solution. Solar _
air-conditioning does not either. Heat pumps,'despite
their dual QUﬁpOSé of air-conditioning and heati%g, do not
enter the solution. This is probably due to additional
capital cost for backjup heating equipment aé heat pumps
are not effecFive on very cold days.

»

Residential shares of end-use sectors are shown in

Figure 12. As mentioned earller,qﬁhé sharp decrease in the
share of space heating canfbe attributed to better designed
buildings and heating devices.  1In fact, spéce heat
consumption levels decrease from 305 PJ in 1984 to 219 PJ
in 2021 ‘despite increases in the number of household units.,
Figure 13 gives ﬁhe energy consumption for the
commercial and iﬁstitutional'sector. Amongst the
technologies considered, hyﬁroﬁic heating with induced gas
boilers is the preferred option. Water heating is bykgas.
Figure 14 shows the fuel shares for the Commercial and

Institutional sector.
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space heating .
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- Total comm. & inst. energy consumption (bose case, 2021} = 453 PJ
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[Toggl comm. & inst. energy consumption (1984) = 367 PJ
Average % increase per year = 0.57 ]
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Figure 13. Comm. & Inst. energy consumption by
end-use (baig(case, 2021)
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Figure 14, Comm. & Inst. fuel shares (base case, 2021)
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Results for the industrial sector are show

n in Figures
15 and 16. 1Interfuel substitution is only permitted for
the indirect category. For all other categories, markét
éhares‘based on historic levels were fixed. As‘mentioned
earlier in this section, coal ig most cost effective for
ind}rect heat. Thg major shift is due to the penetration
of coal for boiler fuel.

Figure 17 and 18 show consumption in the
transportation séctor. For cars, froﬁ a predominantly
gasoline ﬁarket, thére is a significant shift towards
diesel ‘and CNG fuelleg cars with small percentages of
électric and propane fuelled cars. The shift away from
‘gascline becomes immediately obvious when locked at from
the refinery point of view. A reduction in gasoline and an
increase in diesel.permits refineries of lower complexity
to operate, thus reducing costs. wérth noting is the fact
that despite higher capital costs by approximately $600 per
car for CNG fuelled cars over gasoline powered cars, it is
mofe cost effective‘to producé CNG cars than produce the
extra gasoline from a higher complexity ref{nery. Also,
despite higher capital costs of approximately $1700 per car
for electric cars over gasoline fuelled cars, .they too
appear in the optimal solution. The small percentage of
propane cars is due to the fact‘that only propane préﬁuced

from the refinery as a by-product is cost effective.

Propane imported from other regions is not cost effective. .
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elec. (53 PJ)

h.oil (44 PJ)
UTILITES — T\ n.gas (44 PJ)
n-gas (99 PJ) DIRECT HEAT

oil (436 PJ
( ) coal (519 PJ)

PET. PRODUCTS & elec. (5 PJ)

PET.CH, FEEDSTOCK

INDIRECT HEAT _
coal (716 PJ)

ELEC. DRIVE (254 PJ) ———

Total industrial energy consumption (base case, 2021) = 2170 PJ

[Total industfial energy consumption (1984) = 1018 PJ*
Average % increase per year = 2,07 ] :

* MEO (1985b)
Figure 15. Industrial energy consumption by
end-use (base case, 2021)

% 807 ‘0 1e8d
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coal n.gas elec. oil’ other

+ Statistics Canada (1985b)

Fiéure 16; Industrial fuel shares (base case, 2021)
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" BUS
diesel (9 PJ)

AVIATION

av. fuels (46 PJ)
gasoline (64 PJ)

LT. TRUCKS & VANS

elec. (10 PJ)
- propane {6 PJ)

gaosoline (92 PJ)

h.oit (13 PJ)

MARINE
diesel (B PJ)
RAIL

diesel (25 PJ)
ST.CAR & SBY.
elec. (2 PB
TRUCKS

dlesel (71 PJ)

mec.(44.PJj
cng (48 PJ)

| diesel (113 PJ)

AUTO

Total transportation energy consumption {(base case, 2021) = 549 Py

*
[Total transportation energy consumption (1984)'= 571 PJ
Average % increase per year = -0,11]
* MEO (1985b)

Figure 17. Transportation energy consumption by
end-use (base case, 2021)
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e BO7  Sog \ 0O 1984
T : : 2021 (base case)
2 560+
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c .
— 4
. 7 177// 19.6
2 B 20— / : / | 7
5 7.98.3
pe % 7 2.2 2.4 1.5(//
2 _/ H ) | 1 I

gasoline diesel ~ av.fuels h.oll other

« Statistics Canada (1985b)

Figure 18. Transpbrtation fuel shares (base case, 2021)
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Detailed results for the base case are given in

Appendix B. -To account for the uncertainty that exists in

examining the future the model has been run for two

.
additional scenarios, namely, the low energy demand and the
high energy demand scenarios. Creag%?n of the two

scenarios along with model results are presented in the

following chapter.



CHAPTER VIX

ASSUMPTIONS AND RESULTS FOR THE LOW AND HIGH ENERGY

DEMAND CASES

7.1 Assumptions

The base demand represents the most likely scenaric As
mentioned at the end of the previous chapter, in view of
the uncertainty that exists when dealing with the future,
the model has been run for_two additional scénarios, the
low and the high energy demand scenarios.

The low ernergy demand scenario can be a result of
various factors such as lower population ievels, high
energy priges, etc. that combine together to reduce energy
consumption. On the other hand, the high energy demand
scenario reflects a situation where factors such as high
population, low energy prices; etc. increase the energy
demand. |

The, prices of primayy energy assumed for both the
scenarios are shown in Table 20 along with the base case
for comparison purposes. The prices for the low demand
case'genéra;ly represent an ésqalation of all primary

resource prices by approximately 25% over the base case.

.Conversely, for the high demand case the prices represent a

)
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Table 20. Primary resource prices (1985 dollars) assumed
for the low, base and high energy demand

scenarids- (2021)

RESOURCE UNITS

PRICE

low base high
Natural Gas Y $/Mcf 7.64 6.21 4.64
Western Coal $/Tonne 160.00 128.00 96.00
Us App. Coal $/Tonne 121.00 97.00 73.00
Lignite 5/Tonne 89.00 71.00 53.00
Propane $/Litre 0.38 0.30 0.22
Crude 0il $/Barrel 62.00 49.00 36.00
Uranium -~ $/Kg 371.00 297.00 233.00
Wood $/0dt 103.00 82.00 62.00
Wheat $/Tonne 281.00 225.00 169.00
Barley $/Tonne 239,00 191.00 143.00
Corn $/Tonne

-~ N

248,00 198.00 - 149.00

N LS ]
M

demands for- the low, base and high energ

Table 21. Values of pafameters for projection of eQS\use
V% d

scenarios (2021)

i

PARAMETER

Tie

VALUE
low base high

Population (millions)

Housing units (millions)

Fr. of housing units of houses
Fr. of new housg;hgg/gzooo type
Fr. of new house IS type

Fr. of new houses of OBC80C type
Fr. of ‘housing units with-a/c
Fr. improvement in heating loads
of new apartments and C&I
buildings over existing bulldlngs
C&l floor space trend

Industrial production trend
Transportation trend (all
categories excluding auto and
light trks.& vans) °

Auto & light trucks & vans trend

9.5809 10.4764 12.1306
5.1732 5.5979  6.3478

0.61 0.61 0.61
0.60 " 0.45 0.30
0.38 0.50 0.62
0.02 0.05 0.08
0.70 0.80 0.90
0.35 _  0.30 0.25.
2.01 - 2,51 3.of
1.46 1.82 2.18
O.BO—Z 1.00 1.20
1.24 1 1.55 1.86

S
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reduction by the same figure over the base case.

The values assumed for certain parameters that
determine end-use demands are shown in Table 21 (see
previous page). . The population figure was obtained by a
procedure similar to that used for the base case, using low
and high growth projection series for total Canadian
population (Statistics Canada, 1985). Similarly, low .and
high growth household projections were used to determine
the number of houeehoids (Statistics. Canada, 1981). It was
also assumed thet higher energy prices would.Eave an
increasing effect on the:average insulation level of a
houshold unit, i.e: there wou%d be, say, more R2000 houses
in com@arison with the base case, which in turn would

result in lower energy demands. The converse is assumed to

exist for lower energy prices. It was also assumed that

: hlgher energy prices would reduce economic growth, thus

depreSSLng energy demand, while lower energy prlcgs would
have a converse effect. This is reflected. in the trend
factors. -All gother values such as costs of conversion,
share fractions, etc., are kept the same as in the base
case. End-use demand projections.are shown in Table 22.

3

7.2 Re;ults

1
Starting with the results for the low case, there are.

certain dlgferences in comparison with the base case in the

pattern’of enefgy“consumption,‘i.e. in thektype of fuel and
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TABLE 22. End-use demand projections for the low, base and
high energy demand scenarios (2021) ’

CATEGORY -

. Subwayrand St. cars

TYPE END-USE UONITS
DEMANDS/SERVICES
low base high
RESIDENTIAL .
Space heat R2000 house Useful 14,22 16.10 19.44 PJ
Space heat IS house Useful 38.59 43.65 52.60 PJ
Space heat OBCB80 house Useful 96.07 97.04 98.74 PJ
Space heat New apartments Useful 17.06 19.14 22.83 PJ
" Space heat 01d apartments Useful 11.94 11.94 11.94 PpJ
Water heatlng Useful 105.57 114.23 129.54 ©PJ
Window air-cond. units Useful , 12.89 15.94 20.33 PJ
Central air-cond. units Useful 17.42 21.54 27.49 PJ
Appliances & lighting Fuel 106.63 115.37 130.84- PJ
COMMERCIAL '
Space heat New buildings Useful 121.44 194.32 306.54 PJ
Space heat. 0ld buildings Useful 60.78 60.78 60.78 PJ
Water heating Useful 10.54 14,40 19.98 PJ
Air conditioning Useful 33.92 47.49 68.32 PJ
Equipment and lighting Fuel 73.76 100.80 139.85 PJ
'INDUSTRIAL .
Indirect heat Useful 420.33 571.37 794.63 PJ
Direct heat Fuel 399,15 542.59 754.61 PJ
Electric drive Fuel 186.69 253.71 352.84 PJ
Utilities Fuel 111.36 151.37 210.52 PJ
Pet. prod. & Pet.ch. fstk. Fuel 319.95 434,92 604.87 pJ
TRANSPORTATION -
Auto Useful 88.59 121.16 168.24 Gkm
Light Trucks & Vans Useful 15.41 21.08 29.28 Gkm
Buses Useful 1.66 2,27 3.15 pPJ
Rail Useful 4.83 6.60 9.17 PJ
Marine Useful 2,01 2,75 3.83 pJ °
Alrcraft Useful 10.97 14.99 20.83 pJ
Trucks Useful 13.56 18.53 25.74 PJ
Fuel 1.18 1.61 2.24

PJd
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end-use technology used to satisfy end-use demands. For
R2000 houses, electric space heating replaces the induced
gas furﬂace as the preferred option. As this scenario is
associated with higher energy prices for fossil ggels,
there is a relative decrease in the cost of electricity
generation iﬁ comparison with fossil fuels, thus causing :
the above substitution. There is a slight change in the
transportation sector with propane fuelled cars ggl
appearing in the optimal solution.. This difference is not
very significant as propane fuelled cars wefe having
approxiﬁately 1% share of the auto market in the base case,
the propane beiéé obtained from refineries as a by—broduct:
All other patterns of consumption for all éhd—qse
sectors remains the same as in the base case with. lower
levels of cons;mption. The net reduction in electrical
energy demand causes a-reduction in the share of
fossil-fuel generation. This is understandable as this
scenarig is associated with higher fossil fuel prices in
comparison with hydro. The results for the lOwgenergy

{

demand scenario are shown in Figures 19 to 33.
. \4—/-} ‘ .
The results for the high energy demand scenario reveal

the following changes. With lower fossil fuel prices, the
induced gas furnace becomes more cost effective than the

condensing gas furnace for the OBCEO house'category, Also,
there is a significant shift iﬁ the transportation sector,

'For cars, in the base case demand was met by electric,

£

\



% of total primary

n.gas (769 PJ)

nuclear (460 PJ)

hydro (103 PJ)

other (3 PJ)
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£y,

crude oil
(703 PJ)

coal (977 PJ)

Total primary energy consumption (low case) = 3016 Py

A

. Figure 19, Primary energy consumption (low case, 2021)

lj 1984 ]
&5 40 4{?.1 2021 (low case)
"‘é_ 32.4 o
30— ; ‘ -
g 23.3 25'8E5_5 J %
3 20 - ? 21.7 %
? | % 2, % 15.2
5 10— Z | Z é %
. 5.1 5.1
7 7 % N7} é 12,01
crude oil ngas coal hydro  nuclear _other_
* Statistics Canada {1985b)
£

Figure 20. Primary energy shares (low case, 2021}



o of -total end—-use

n.gas (692 PJ)

elec. (491 PJ)

123

ail (6

coal (906 PJ)

Total end—use fuel consumption (low case, 2021) = 2761 PJ

Figure 21. End-use fuel consumption (base case, 2021)

N L3
_ 807 0O 1984
= 2021 (low case)
£ 60— -
- ]
4]
S 40
© 40 32.8
— 31
3> 24.3 25.1 %,
20— % 7] ell8 | /
| % s/ .
7. v/ R 7Z/ =t
oll n.gas elec. coal other
+ MEO (1985b)
Figure 22. End-use fuel shares (low case, 2021)
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comm. & inst. ] - residential
(326 PY) e (440 PJ)

transportation

(403 PJ)

industrial
(1592 PY)

I x N

Total market energy (fuel) consumption (low case, 2021) = 2761 PJ

Figure 23. Market energy consumption {low case, 2021)

"

5 \ O 1984
. EBO— 2021 (low case)
5 3 ’

E 560 Z;F |
3 42? )
5 27 s
‘: o % 24
F‘@z&— 19 16.0 15 22 4.6
= Z 7 2 2
7 % / 7
res. ol.d] ind. tran.

+- MEO (1985b)

Figure 24. Market shares of end-use sectors
' {low case, 2021) R
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3

IS house
(induced gas furnace;

SPACE HEATING 37 PJ)
R2000 house
‘ (electric res. heating;
0BC80 house
. 19 PJ)
(condensing gas artments
: ) apartments
urnace; 100 PJ) (hydronic — induced
gas boiler; 36 PJ)
AIR CONDITIONING
(elec; 10PJ)
WATER HEATING |
PPLIANCES LIGHTING
(gas; 132 PJ) 2 NCES & LIGHT

(elec; 107 PJ)

Total residential energy consumption (low case, 2021) = 440 PJ

Figure 26. Residential energy consumption 5y
) end-use {low case, 2021}

2 80 0 1984
1S 68 2021 (low case)
o = d
 Boo S
S a 43.5
3 S 40~ ? 30.0 =
53 é ,17///' m2
e ] : : 13
/ | % 2 2.3 .
/. 77— /

sp.heat  w.heat  air—cond. app.&tg.

+« MEO (1985b) «

"Figure‘27. Shares of residential end-u sectors
(low case, 2021)
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equip. _& Itg.
(elec; 74 BJ) gir—conditioning
) (elec; 11 PJ)
water heat
(gas; 13PJ)

e

space heating

> {hydronic — Induced
gas bollers; 22BPJ)

Total comm. & inst. energy consumption (low ;qse.' 2{';)21) = 3286 PJ

Figure 28. Comm. & Inst. energy consumption by
end-use (low case, 2021)

O 104" _ :
::80— 7;9 2 2021 (low case)
3 8
; £ 60— 54%
23 7
: §4-0 /
o T / 32 ,
R 5 / N 26.1
201 é ? 14
7/ RE
n.gas elec. ol

*+ MEO (1985%)

Figure 29. Comm. & Inst. fuel shares (low case, 2021)
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™ ¢
elec. (39 PJ) h.oil (32 PJ)

UTILITIES ———— ~ n.gas (32 PJ)
n-gas (72 PJ) ' DIRECT HEAT

oil (pet. pr. & pcf
.316 PJ)

PET. PRODUCTS &
PET.CH. FEEDSTOCK -

oll (propane; 4 PJ)

* coal (381 PJ)
elec. (4 PJ)

INDIRECT MEAT

ELEC DR[V{ (187" PJ) | ( )
: coal (525 PJ

]
' Total Industrial energy consumption (low che, 2021) = 1592 PJ

Figure 30. Industrial energy consumption by '
end-use {low case, 2021)
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- 0 e
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:3 ; 07 - é 29 26.9
= 2 20— 21.8 / ;_2.1
e / 13.41/‘;:-4 1 / 0.0
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* Statistics Canada (1985b) ;':*
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Figure 31. Industrial fuel shares (low case, 2021)
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BUS .
diesel (6 PJ) _ - &11:'{&01! (10 PJ)
AVIATION diesel (6 PJ)

av. fuels {35 PJ)

RAIL
gasoline (47 PJ) diesel (19 PJ)

SlT'CAia % 3 BY.
LT. TRUCKS & VANS oac
& TRUCKS
elec. (7 PJ) diesel (52 PJ)
elec. (32 PJ)
gasoline (66 PJ) cng (43 PJ)

_— diesel (81 PJ)
AUTO .

-~

9

Total transportation energy consumbtion (low case, 2021) = 403 PJ

Figure 32. Transportation energy consumption by
end-use (low case, 2021)

. _— ‘. i 3

g 709 O 1984

3 .

L e N ‘ 2621 {low case)

g 260 v | -
(=R

c E - 7

S @ 40 40.7

=S 28.1 v
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2 7 20.6

2 320 % 17.72

o  7.98.3

a\o 77 2224 15

gasoline  diesel av.fuels, h.oll other -

s+ Statistics Canada (1985b)

Figure 33, Transportation fuel shares (low case, 2021)
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gasoline and diesel from lower cqmplexity refineries and
the slack left over by CNG fuelled cars. 1In the high case,
the above .pattern of electric, and 'gasoline and diesel from
lower complexity refineries remains the same, however the
sladk is met by gasoline and diesel from higher complexity
reflﬁfgggsgfather than CN%. The mix of low and high
complexity refineries in the solution does not -necessarily
imply the existence of just the low and high complexity
refineries but perhaps a range of réfineries with in
between degrees of complexity. This in turn implies a
range of refineries with varying degrees of catalytic
cracking and hydro cracking facilities. The mean
complexity in thisﬁcase was 7.136 in éoméarisoﬁ to '6.665
(low complexity refinery) for the low and base cases. All-
:other patterﬁs offenergy conéumption remain the same as in
the base case except with higher consumption patterns.
With inq;easing electrica}/energy demand there is an
fiqérease in coal, gas and nuclear generation. - However,
thére isga‘decrease in hydro energy, with no new hydro
(greater Ehan 10 MW and 2-10 MW) appearing in the solution.
This;can’be_uﬁderstood in light of the fact that this
scenariOLWas associated with lower primary energy resource
prices.that applied ﬁgxiﬁal, gas and-nuclear, thus making-
thesg,options more cbst éffective. Peak power demanded is
approximately 53 Gw;ﬂ The results for jthe high energy

‘demand“scenarib are shown in Figures 34 to 48.
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n.gas (1236 PJ) 4
crude oll

(1421 PJ)

nuclear (697 PJ)

hydro (86 PJ)

coal (2018 PJ)

other (3 PJ) - ‘

Totol primary energy cofisumption (hiﬁyéose, 2021) = 5461 PJ

. Figure 34. 'Pr.imary energy.«eonsun.lption (high case, 2021)'
‘et al | O 1984
> 5§ 407 3 2021 (high case)
oS
Eg ' :
a % 30 26.0 26.8 ‘ é /
AR / 22 21.7? :
5 -
il BE NI e
NN
, / % % - % X % 7
8% 7 % L L2
* crude oil n.gas coal hydro " nuclear other

» Statlstics Canada (1985b)

=

Figure 35. Primary energy shares (high case,. 2021)
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n.gas (1115 PJ) oil (1357 PJ)
elec. (820 PJ)
coal (1713 PJ)
Total end—use fuel consumption (high case, 2021) = 5006 PJ
- Figure 36. /End—use fuel consumption (high case, 2021)
. L
’ " -
e 80— 1. 1984
T2 2021 (high case)
T 2oy
L ’
—_ ’
35 40 &
2 0 40 31 34.2
5 S 07.1 %
s 17, ad 3 |
b4 20— / N7 16 16.4
% % ' & 2 % 4
77 A [ V4 0.
ofl n.gas elec. coal .other -~ . i
. ’ : V 55
+ MEO (1985b) ‘ :

[

. Figure 37. End-use fuel shares (hidh case, 2021)
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comm. & inst.
(647 PJ) .

residential

tran sportotioﬁ
(769 PJ)

(581 PJ)

industrial
(3010 PJ)

Total market energy (fuel) consumption (high case, 2021) = 5006 PJ

Figure 38. Market energy consumption (high case, 2021)
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Figure 39. Market shares of end-use sectors

{(high case, 2021)
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IS house
- (induced gas furnace;
- 81
SPACE HEATING
' R2000 house |,
. induced furnace;
0BC80 house (16 pf)’ gas furnac

(induced gas

car apartments
furnote; 131 PJ) (hydronic — Induced
gas boiler; 43 PJ)
AIR CONDITIONING
(elec; 16 PJ)
- WATER HEATING
(gas; 162 PJ) APPLIANCES & LIGHTING

(elec; 131 PJ)

Total residential -energy consumption (high case, 2021) = 581 PJ -

Figure 41. Residential energy consumption by
end-use (high case, 2021)

8 e 997 O 1984
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3 % 2 22,5

= ) 20 % 17 % 3l
L
Z, A 2ES 2L .

sp.heat w.heat oir—-cond.\_ app.&tg.

» MEO (1985b)

e

Figure 42. Shares of residential end-use sectors
(high case, 2021)
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" equip. & Hg.
(elec: 140 PJ) air-conditioning
(elec; 23 PJ)
'_'water heat |
(gus; 25.PJ}’

space heating

¢

(hydronic — Induced
gas boilers; 459 PJ)

\

Total cormmm & Inst. energy consumption (high case, 2021) = 647 FPJ

: 7 .
. Figure 43. Comm. & Inst. energy consumption by
end-use {high case, 2021)

' (1 1984%
_§ éBO—- 7/}/9 .- 2021 (hl|gh cusp)
5 gso— 54% .
5 %
5 :f40—~ %7: 32 .
N é’ é 5.1
20 Z
/ - / 14
17 [l
n.gas _elec. oll

+ MEO (1985b)

Figure 44. Comm. & inst. fuel shares (high case, 2021)
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h.oil (60 PJ)
UTILITES ——— ' n.gas (60 PJ)
n-gos (137 PJ) ' DIRECT HEAT

elec. (74 PJ)

oil {pet. pr." & pcf

605 PJ)
PET. PRODUCTS &
PET.CH. FEEDSTOCK

coal (720 PJ) -
elec. (B PJ)

INDIRECT HEAT _

ELECTRIC DRIVE — .
coal (993 PJ)

(353 PJ)

} - .
Total industrial energy consumption (high case, 2021) = 3010.PJ

Figure 45. 1Industrial energy consumption by
) end-use {(high case, 2021)
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. Figure 46. Industrial fuel shares (high case, 2021)
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BUS .
diesel (12 PJ) moRmEoﬂ (18 PJ)
~AVIATION diesel (11 PJ)
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diesel (35 PJ)

av. fuels (63 PJ)
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TRUCKS & VANS TRUCKS .
glec (14 PJ) diesel (99 PJ)
elec. (61 PJ)

gasoline (165 PJ)

P
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- Total transportation energy consumption (high case, 2021) = 769 PJ

[}

Figune.47.”.Transportatioh energy consumption by
end-use {(high case, 2021)
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The results of the low, base and high scenarios provide

4 range of possible solutions in response to changes in
population, trends in_econom;c growth, etc. A study of the
end-use energy consumption pattern for the three scenarios
leads to the following conclusions. For .the R2000 house,
two technologies emerge as the most cost effective,

namely, electric resistance heating for the low‘energy
demand scenario and the induced gas furnace for the base
and high energy demand scenariog.A Looking at it from an
overall point of view the induced gas furnace can be |
considered as an optimal technology for this catgery.. This
conclusion éan be described as fairly robust. For the IS
Hﬁuse, the induced gas furnace is the optimal Eechnolégy
under all the three scenarios, therefore this result is
robust. For the OBC80 house category, the condensing gas
furnace is the optimal technology under the low and base
case, with the induced gas furnace for the” high scenario.
The conclusion that the cohdensing'gas furnéce is the
optimal technology for this catégory can be cdnsidered as
féirly robust. ©On similar lines, gas water heating |
(flueless) and electric air-conditioning for houses are
robust conclusions. For apartments and commercial and
institutioﬁal buildings, space heating by gas (hydronic),
water heating by gas and’ electric airconditioning are again

robust conclusions. In the transportation sector, medium

" and heavy trucks are diesel fuelled, a major percentage of
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light trucks and vans are gasoline fuelled and a small
percentage being electric are robust conclusions. For the
Auto category, a robust conclusion is that the major share
of cars would largely consist of gasoline and diesel
fuelled vehicles Qith a smali but significant share of
electric vehicles. The gasoline and diesel are produced
from low co@plexity refineries. The debate then éentres
about the left over shafe of approximately 20%, which in
the Bése and the low energy demand scenarios is satisfied
by CNG, while in the high scenario is met by gasdline and
diesel produced from higher comple#ity ;efineries. Based
on the abpye, the use of CNG vehicles for the above 20% can
be censidered as a fairly robust conclusion;

éiectric generation shares are fairly consistent under
all three scenarioé. In addition, the shares of primary
energy(and end-use energy are also fairly cdnsistent for
the three scenarios. These shares can be considered as
robust.

These three scenarios éherefore provide an environment
from which one can draw reasonably robust conclusions. The
next chapter demonstrates the use éf thf model in examining

>

policy issues.



CHAPTER VIII ' -

SOME ENERGY POLICY QUESTIONS ADDRESSED BY THE MODEL

8.1 No new nuclear generation

The model has been used to study the impact of a no new
nuclear policy;-.The existing nuclear facilities were
permitted_to operate. However, no further expansion of new
nuclear_p%ghts was permitted. The simplest way to achieve
this ih the model was to assign a very high-cost to
electrical production by new nuclear generation, thus
ensuring thét it would not enter the optimal solution. .All
other conditioné were similar to the base case. All dollar
values are~in terms of 1985 dollars. A .

The objective function value increases frbm 33.65974
billion dollars to 34.94242 billion dollars, an. increase of
approximateiy 1.28 billion dollars. This figure represénts
an increase éhat is spread over all sectors. Dividing this
total to the various sectors in prOportioﬁ to thefenergy
consumed by each sector, produces the following. 1In the
residential sector, an increasé of $2.55 per month per
household for utilities. 1In the commercial and
institutional sector, an increése of 4 cents per square
metre per moﬂth for ytilities; In the industrial and

-

141
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\‘\_‘./l ‘
transportation sectors there is-an increase of 35 cents .per
GJ of input fuel energy used. These figur%s représent an
increase of 3.81% over the base case. Tpey also can be
looked upon as a "cost of insurance" against (new) nuclear
hazards since the existing nuclea; facilities are permitted
to operate (which is also why the percentage cost increase
is low). - ) Lo- -

Because of the incfeased cost in the generatioﬁmbf\
electricity, the results indicated a chénge in the end-use
utilig%tion pattern. 1In the transportation sectbr!
electri éutos as well as electric vans pricé themselves
out of the optimal so;utionh producing the following
changes. There is.én incﬁease in gasoline fuelled light
trucks and vans, khe entire category now being met by
gasoline, and % corresponding decrease in gasoline fuelled
cars. This decFease, in addition to the demand that was,
earlier serviced'by electric auto;, is m§é;f;;$py CNG
fuelled cars. Diesel consumption rem@iné at the same
level. wWorth noting is the fact that there is no increase
in overall crude oil consumption, thé:refinery with a lower
complexity remaining in the optimal solution. Details are
shown in Figure 49. | a

The substitution of electricity from end-use sectors
results in a lower deﬁand for eléctricity. The total peak

power demanded reduces by approximately 5 GW. The place of

A

_new nuclear generation is largely replacéd by coal based’

[
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power plants. _All new capac1ty of hydro in both the large

and small capacity, is’ exploited to its maximum. There is

E

on a shift in the mode of operation. Base load is met by all

categories of hydroL refﬁse gener%}ion, the existing
nhclear facilities ;;a\ﬁoél generétion. The cyclic load‘is
met by coal. The-daily peak‘load is met by coal and
existing hydro an% the seasbnal peak load by gas generation
and existing hydfé.‘ Detalls are shown in Figure 50.

Figure 51 shows the change.in primary energy
consumption. -fhere are significant increases for éoal and
nétufal gas. .The former increase is entirely for
electricity generation ‘'while the latter is for substitution
for electricity in end-use demands. The increase in total
primary energy is essentially a reflectioﬁ of the way it is
measured. Nuclear energy is measured in terms of electric
energy,wﬁﬁile any substitution of it by.fossil %ired
electricity is measured by fossil fuel energy. Thus
substitution of one unit of primary nuclear-energy by
fossil fired electricity would mean an apﬁroximafe increase
of three units of primary fossil energy. ) -

From-aﬂ environmental viewpoint the no new nuclear
policy is a tradeoff between less nuclear and more air
pollution, the latter due to the increase in doél based
electricity generation.

The no new nuclear case was also run for the low and

] s . ot ) .
high demand scenarios. In all cases, electric autos and
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vans price themselves out of the optimal solution. The

additional costs were approximately 0.93 and 1.43 billion
dollars when comparing the objective functions for the low

and “-high energy demand scenarios. The results are shown in

Tables 23 and 24.
~

8.2 Increasing Electrical exports to the U.S.A.
Increasing,glectripity exports incréases revenues. However
an increase in generation requires additional investment

for building more power plants. When the-return on this .
ad@itional investment depends soiely on a foreign market
coupled with the facﬁ that power plants-have 1ifétimes
upwatds of 30 years, there'is an element of "vulnefébility"

on the investment. Therefore although increasing exports

increases revenues, it also increases the risk.

The model was used to agdress this issue. Exports were

bounded at 0, 100, 200, 300, 400 and 500 PJ which

represents 0, 16, 33,.49, 66‘aﬁd 82 percent of domestic
consumption respectively. The export price was 4.533
cents/kWh, the price arrived at by escalating the 1985
pﬁice{by 1%. The_solution, fo?.each of the cases went to

the bounds. For each-caSe, the additional power:
requirement by each of the power plaﬁt‘types was de;e?mined
from Eﬁgioutput results of the ex§b~t and no—export base
case, along with the additional rev:%ues. .The additionaﬂ; ‘

power requirement was translated further into additional

e 3

i
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Table 23, Primary energy consumptlon for the low,
base and high scenarios (2021) for the no
new nuclear policy

ENERGY SOURCES CONSUMPTION (PJ) ..

low base . high
Natural Gas - 856.31 1071.09 1234.31
Crude 0il 703.28 970,42 1539. 46
Coal 1186.27 189500 "2933.83
Hydro ' . 136.16 136.16 136.16
Nuclear 230.85 230.85 230.85
Other . ' 4.10 4.10 4.10
TOTAL 3116.97 4307.62 6078.71

{
(\.

N .
Table 24. End-use fuel consumptlon for the'low, base

and high scenarios (2021) for the no new
nuclear pOll?y

FUELS . ) CONSUMPTION (PJ)

. ) low base high-
Natural Gas 772.77 966.20 ~ 1115.17
0oil . 671.73 926,89 1469.65
Coal : 906.21 1235.25° 1713.20
Electricity 432.62 '~ 557.38 745.72
TOTAL 2782.73 - 3685.72 5043.74

A 4
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¢
;‘g ment. The vulnerability of -the additional investment®
can be looked‘at the following way.. At low exporh ievels,”
the additionai investment has low vulnerabiiity in the
sense that in case the ekport market collapses, the surglus
capacity has a good probability that it could be used
within the future domestic supply framgwork as domestic
demand is increasing every year.-‘Howéver, with higher
export levels this flexibility is lost, and in case of a *
collapsed export market; the investment then is a~loss.
Therefore, vulnerability of additional invesément increases
with increased export levels. The aim.h%réﬁwaé not to
define explic;tly a measure for vulnerability but to .
identify the possible, loss of investment funds in relation
with the possible gain in revenues. Details obtained are
shown in Tables 25, 26 and 27, |

Additional investment ranges from 7.5 billion dollars
to 57.4 billion dollars for export levels of 100 PJ
(approximately‘lﬁ% of domestic consumption) to 500 PJ (82%
of domestic cénsumption) with'annualised system wide
savings (decrease in the objective function value) ranging
from 0.06 billion dollatrs to 0.31 billion dollars/
respectively (dollars are defined in 1985 dollars). The

vulnerability can be described as ranging from low to very

high for the above range of exports.
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Table 25. Additional capacity.required for different types

of power plants for increasing electrical exports
for the base case (2021)

EXPORTS GAS COAL CANDU TOTAL

(PJ) Incremental Capacity (GW)
0 0 0 0 0

100 1.39 1.90 3.18 . 6.47 |
200 2,79 3.81 . 6.37, 12.9%
300 4.19 5.72 9.55/ 19.46

- 400 5.58 7.63 12.73 25.94
500 6.98 9.54 15.92 32.44

~Incremental investment required for different

Table 26.
types of power-plants for increasing electrical
exports for the base case {2021)
EXPORTS GAS - COAL CANDU TOTAL
(PJ) Incremental Investment [million. dollars (1985}))
0 0 D 0 0
100 690.83 1708.10 - 5068.92 7467.85
200 1386.63 3425.19 10153.78 14965.60
300 2082.43 5142,28 15222.70 22447.471
400 2773.26 '6859,37 20291.62 29924,25
500 '34659.06 8576.46 25376.%9 0 37422.01
Table 27. Investment and annual rgvenues (1985 billion
dollars) associated with increasing
electrical exports for base case (2021)
. - Y
EXPORTS TOTAL INCREMENTAIL = ANNUAL SAVINGS VULNERABILITY
(PJ) INVESTMENT
Billion Dollars (1985)
0 0 . 0
100 7.47 0.061 - LOW
200 14.97 T 0.122
300 22,45 0.183 : l
400 29.92 0.244
500 37.42 ) 0.305, _ HIGH

4
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8.3 Sensitivity to 0il Prices

This study is of much interest since in the last five yearé
MEO has actively been promoting alternative fuels for
transportation. Obviously, the key feature governing the
-substitution of petroleum based fuels for vehicles is oil
price. The ﬁodel was run for different oil prices ranging
from +30% of the base price of $49 per barrel in steps of
approximately 10%, i.e., starting with $34 per barrel to
364 per barrel in steps of $5 per barrel.

For;tﬁe above range of oil prices, the end-use
consumption pattern didlnot change for the residenti@l,
commercial and institutional, and the industrial sectors.
These results were the same as iq.ﬁhe base case. It is
worth noting that even when oil prices are low, space
heating by natural gas is still cost effective. However,
in the transportation sector, in partiéu}ar the auto and
light trucks and vans category, there were significant
changes in end-use consumption patterns. Figure 52 shows
the details oﬁ end-use energy consumption for cars and
light trucks and vans. At $34 per barrel, the above:
categories were entirely met by-refined petroleum fuels,
i.e. gasoline, diesel and propane (produced from the
refinery). The supply Qas from both the low and high
complexity refineries (mean complexity being 7.915), with
gasoline having the laréest share, followed by diesel and a

small fraction of propane., At $39 per barrel, electric
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vehicles become cost effective, and satisfy the allowable

20% of demand. The subsequent decrease in refined fuels
decreases the share from the high complexity refineries.
This is understandable since the. high complexity refinery
has a higher cost of production than the low complexity
refinery.‘ Still, the supply is from.both the types of
refineries, with the mean refinery complexity reducing to
7.127. At $44 per barrel the consumﬁtion pattern remains
the same as in the previous $39 per bargel case. At 549
per barrel, the high complexity refinery is priced out; its
share of refined fuels-is replaced by CNG. Thus, at this
stage there is a further decline in the share of refinery
fgelled vehicles. With just the low refingries operating,
the mean complexity further redpces to 6.665. At $54 per
barrel, tge small share oquFopane based yehicles also
price themselves out (the propane was refinery produced),
its sharerbeing taken by an increasing share of CNG
vehicles, This paglern remains the same at $59 per
barrel. Howevék, at $64 per barrel,'although the end-use
pattern remains the same, the refined fuels are based on
syncrude producgd ffom coal, the syncrude being more éost
effective than crude oil. Figure 53 shows the
corresponding primary energy consuﬁption associated with
the above range of oil'prices. The slight increases in

~ consumption of gas, coal, and nuclear-at an oil price of

$39 per barrel, reflect the increase for electricity
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generation, the demand created by electric cars. ©Note ‘the

decrease in crude oil consumption as oil prices increase.
The sharp increase in coal consumption at an oil price of
$64 per barrel reflects the coal demand for syncrude
production. Figure 54 shows the corresponding end-use
consumption.

Worth noting is the fact that vehicles based on
alcohols, propane [as an imported primary resource (natural
gas liquids)], liquid hydrogen, LNG, gasoline from MOBiL,
Zinc Chloride, SASOL, and diesel from SASOL are not in the
solution even for a high price of $64 per barrel. Further,
even at this price, the low complexity refinery is in the
solution, thus suggesting that alternative fuels should
only penetrate a small portion'of the automobile and light
trucks and vans market, the other sectors being serviced

by the traditional refinéd fuels.

8.4 Soft energy strategies’

With increasingAindustriéiisation, enérgy'demahds have

' grown yéar‘after year. However, convéhtional energy
resources are finite andldepleting, and coupled with a
growing awareness of ihcreasing environmental problems, ip
recent years "soft energy paths" have been advocated by
many, such_as Lovins (1977), and Brooks, Robinson and

Torrie (1983). Briefly, soft energy paths stress reducing

energy démand'through conservation, and meeting these
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demands by diverse, small-scale, renewable energy sﬁpplies
Wwith a high éfficiency of energy use. In comparison, the
.more traditional "hard energy paths" embhaéise increasing
energy supplies by exploiting non-renewable sources by
increasing scale and centralization of energy production.
Energy policy in Ontario, athough predominantly leaning
towards the "hard" path,.has some elements of the "soft"
approach, suéh as the reduction of space heating demands by
energy conservation. |

The study here examined two soft strategies for space
heating in houses. The first soft strate;y for the
residential sector was to study the economics of energy
conservation in houses. In the model houses have been
categorised as three types, the R2000, the IS, and the
OBCBO0. To study enerxgy conservation,  five energy |
conservation scenarios have been described as low, medium
low, medium, medium high and high, depending upon‘bhe
number and type of houses existing in 2021, For example,
the high conservation scenario is‘categorised by all new
stock of houses are of the R2000 type, thus represernting
the highest overall level of insulated houses, while in the
low conservation scenario, none of the new houses built are
of the R2000 type, 80% of them being the Intermediate Solar
type and 20% are of the OBC80 type, representing ﬁhe lowest

level of overall insulation. The other conservation

scenarios are between the two above mentioned insulation
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ranges {the base case insulation levels correspond to the'_/
medium conservation scenario). The existing stock of
houses is assumed to be madé up of 99% OBC80 and 1% IS
(same as in the base‘case). The fractiogal makeup of
houses for each energy conservation scenario is shown in
Table 28. This range of insulation levels or the scale of

-oconserVation has been based on current trends in
‘conservation. The model was run for each of the
conservation scenarios with all other data being:the,same
as the base case data. Based on base case incremental”
construction costs of 5% and 2.5% ($5250 andH§2625), for

—

the R2000 house and IS house over the OBC80 house, there .
was a decreasing trend in the objective function as the h
laverage level of conservation increased. As this decrease
was sol%ky due to changes in the ogsrall level of
insula&ion, the incremental decrease from the lowest
insulé%ion level divided by the total number of hou és,h
gives ihe average annual savings in space conditioning

(mainly hedting, as energy for cooling is a very small

- fraction of éﬁgfgy for héaﬁihg) for auhouﬁe in the
corresponding scenario. The average incremental savings
(shown in Table 28) over the lowest conservation scenario
ranged from approximately $34 for the Tedihm low to 5202
for the highest conservation scenario. Based on these
'results one can conclude that conservation is economically

cost effective with R2000 houses providing the most savings

N
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Table 28. Description of energy conservation scenarios and

corresponding annual savings in space \\\‘
conditioning costs _as determlned by {the model
: results. . \
; i
4 ey average
N . ‘ ' i ' annual
savings
in space
- objective conditioning
conservation fraction of houses function costs per
scenario of new\stock value house
description R2000 {S OBC80 (billiion $) { $)
-~ t
low 0 0.80 0.20  33.94672 0
medium low. 0.20 0.70  0.10  33.83225 33.53
medium {(base) 0.45 0.50-° 0.05 33.65974 84.05
_medium high 0.70 0.30 0 - 33.48745 " 134,52
. high 1 0o 0 33.25794 201.72
¥

" All ‘moreétary figures are in 19855 .
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gl . in costs of heating and cooling. [~

3 Figure 55 shows the space heating energy coﬂéumption

—_,/ - /_..
Lor houses for each of the conservation scenarios. For

o

every conservation scenario, the induced gas furnace for

N the R2000 and IS house was the best technology, while the
. %
condensing gas furnace was the optimal technology for the

OBCB0 house. For the high conservation scenario there is a
decrease of approximately 36% in end-use consumption for

houses, over the low coﬁservation scenario. The primary
. energy consumptlon remains the same flor all enéP™gy sources
; . as in the base case apart frgﬁ natura%rgas. Figure 5
shows the details. There is a change of approximately +
4.3% in primary consumption of hatufél gas over the base
{ case (also corresponding to the méaium conservation
e Lo | e -
‘scenario). ' '
The.above-sgudy had no restrictions on the supply side.
"Looking on the sdpply side, a soft apprbaéhwig; space
'heating Qoﬁld allow only renewable energy based
technologies. The second soft strategy‘thereﬁorelpermitted
Pniy wood and solar technologies to satisfy the space
heating demand. However, both'these technologies require

-~

back;ps. For these there were no restrictions, i.e. the

bacH%ps could.bé based on any technology. The above policy
- ! ' f’

was implemented by placing input share constraints with. a

value of 0 at the approprlate space hqatlng node for all

technologles that were not permltted. r‘The model was run

Vg
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case, i.e. for all five energy conservation scenarios.

The results indicated wood comgination furnace with gas
backup to be the_optimal technology for all conservation
scenarios. Table 29 shows the additional cost for space
heating by wood combination furnace for all energy

conservation scenarios over the uj restricteqHEPpply case.
. . The costs range from approximately $105 for %Ré high energy
conservation scenario to/$110 for the low conservation
scenario. The slight ?ncrease'in the additional annual

costs can be explained in the following way. The

additional annual costs for each conservation scenario is
N : .

. s 4
the additional annualised capital cost for wood combination

furnace and the additional cost of supply of gas and wood
over the unrestricted supply case. In the latter case, as
the percentage increase of end-use consumpticn is dependenp
only upon the efficiency.of the wood combination furnace,
this increase is the same for all conservation scenarios.
. However, there is slight dif%erence'in the total annualised
| capital cost for theﬁgood combination furnébe for each
sqeﬁario due to the difference in requirements for thé
total number of furnaces required of different capgcities.
For example, the high cq servation scenario,ﬁwith the.
largest number of R2000 houses require the largest number
of the relatively sméller furnaces, while the léw

conservation scenario reqdii?s gﬁe lgrgest number of the ,

— _ %%

e

L
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Table 29, Additional annual costs for space heating in
houses using optimal renewable energy based
technology (wood combination furnace with gas
backup) for energy conservation scenarios, as
determined by the model results.

- - . i
’ : \
' additional costs for
objective = space heating per house

conservation function - using wood combination
' scenario value furnace with gas backup
description {billion §) { $) ‘
-
low 34,.32195 0
medium low 34,20022 109.89
. ra .
medium/ (bage) 34.02330 107.76 <
< ” m 'um[higj\' 33.84662 . 106.47

/ .
high / 33.61562 104.75
/ - /\ N . \
-\.’ ' ' \ '
¢ tAll monetary figures are/iﬁ/1985$ . N/ J
# R
/{f o \ ‘///
W E ' , . L/
. - _ an : J )
//// / //
\ 4 L/’- .
, ’ 2y



Y

1l6%
relatively larger size furnaces. Hénce the ;lightly
increasing costs from the highest to the {owest
conservation level. A point to note here is that these
figures are based on a base case price of wood of $82'pér
oven dried tonne, whiéh is a very low price in relation to
the enormous amount of wood that would be needed. To get
an idqa.of.the magnitude of wood involved, in 1980
approximatelz'3% of the total residential energy (ku/,#ﬂ
consumption‘ ég supplied by wood, in comparison to

approximately 40% for the year 2021 (base case), an

increase of approximately 13 times over the 1980 level (MEO

has a target of 8% of residential energy consumption to be

supplied by wood fof thé year 1995). The relevant results

showing residential space heating consumption in houses and

¢

the primary consumption of wood and natural gas (all other.

primary resource consumptions remain the same as in the
. e

base gase) %re shown in Figures 57 and 58 }espectlvely.

-

rThe above studies demonstrates the use of the model for

;

Y
policy analysis. The model can be used to study a wide
~

//range of policy studies. - : v ‘ .

L kN : .
\\
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\ . ——
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CHAPTER IX

; SUMMARY, CONCLUSIONS AND RECOMMENDATIONS )

FOR FUTURE RESEARCH

This dissertation describes an energy planning model for
the province of Ontario. The model is a single period
model with a target year of 2021 ahd uses linear

i

programming to minimise the toﬁ%l(discounted annual costs
of meeting a set of exogenous end-use demands subject to
techno-economic constraints that describe the energy system

of the pfovince of Ontario. The model is detailed. It

includes a comprehensive descrigﬁfon of fuels Fnd

technologies of secondary conversion and end-use. The

process-approach used to meodel the ener system extends up

to the end-use stage. As space heati g and transportation &
sectors have been the‘farget of policy deba es and actions
in Ontario, both these sectors have a high level of

detail.' Other features include modelling of the petroleum

refinery sector and the electric sector. . A mé%or practfcal

-

advantage is the creation of the model using WATEMS, which

!
7
provides a very simplé and user—-friendly environment for
L : ,

data en&fy, chégges to the st?uctuﬁg and in running .
different scenarios. L\, ~
=
"L"{ _
. 168 3
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&

Obviously, this detail in structure is supported by an
extensive data base. ‘Irrespective of any modelling
technique, an energy model is only/as good as the data base
it supports. Most of the data-fogl%his model can be
described as "solid", most of it being obtained from
Ontario Hydro and from federal and provincial energy
related government departments. Naturally, a major portion
of the t;me has been spent on data collection and |
structural development. Also, being a large modei, a fair
aﬁountgof time was spent in debugging and checking model
responses to a wide range of varying inpuﬁs. -

Three scenarios; namely, base, low and high energy
demand were'deVeléped. The results of the three scenarios
provide a basis to draw robust conciusions.‘ Also to “
demonsErate the use of the model in addressing policy K\\‘;

. . )
issues, the model was used to add;ess four policy
qguestions. ”These were, no new nuclear power plants,
increasing electric ‘exports to the U.S., senéitivity to oil

L8 2 :
prices, and “"soft" stratégies fér space heating in houses.

Some important conclusions drawn from the results are

EY ~
.the following. Enenxdy conservation brought abouf by begter

designed houses; is ef%nitély cost ef ive. This holds
true for all categofies_of better q§signe houses, the

better the insulation capability, the more savings in cost’

-that can be realisig. Space heating by natural gas is the

~

a—

3

S
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At
most cost effective, with the induced gas furnace for
better designed (high insulation) houses a?d the condensing
gas furnace for houses of low insulation capability, such
as those with the 1980 building code standards. Worth
noting is the fact that electric resistance heating is not
cost effective (only cost effeetive for the low energy
demand scenario and that too only for the R?OOO house), nor
are electric heat pumps, wood furnaces or active solar.
Water heating by natural gas is also more cost effective
than éléctricity, despite the fact that the initial cost of

an electric water heater is néarly half -that of the v

s -

flueless gas water heater. ; For apartment and commercial

and institutionél'buildings, natural gas'is again the most
optimal fuel for space and water heating, ottt of the
options considered. Solar air-conditione¥s are not cost
effective. . o )
\ . d‘“ ) i\-h'—'-_._h

There is an increase in coal demand in the industrial
sector. This is.due to coal being the most cost effective
boiler fuel.

L% -

For cars and light trucks and vans it is definitely

cost effectlve to reduce\i&e current domlnance by gasolyhe..

This reduces the demand for “top of the barrel" oil

products, thereby permlttlng refineries of lower complexity
to operate. This ﬁdeCtlon is substituted bylélectrgp cars

anj\CNG cars. Worth noting is that the 1n1t1al.cost of an

electric and a CNG vehicle is approximately $1700 and. $600

(1985 .dollars) respectively more than a gasoline-vehicle.
;‘~ E
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Also, increasing gasoline production by more complex
refineries, any of the MOBIL processes, the Zinc Chloride
process or the SASOL process, is not cost effective.
Alcohol-run vehicles are not cost effective. Cars run on
propane are only cost effe;tive when the propane is a
by-product of refineries. ;fropane imported from other
regions (natural gas liquids) is not cost effective. Cars
run on liquid hydrogen are definitely not cost eﬁfect}ve.

All other forms of transportation remain the same. Worth

. pointing out is the fact that heavy trucks run on alcohols

or any other alternative fuels are not cost effective.

N

For elecg;ieal production; nuclear'power is the‘optimal
technology for base load. The cyclic load is met by coal

and hydro. So is the daily peak load. Seasonal peak is
L_'_,
met by natural gas and hydro. In the absence of new nuclear

plants, coal appears to be the next optimal technology;

&t is vittually impossible t% exactly compare the model
response with ex1st1ng models, sfnce no model exists with
thlS type of detail and for the year 2021. However,
certain comparisons can be made wigﬁ'ex1st1ng trends and
ﬁith certainigtudles that have been conducted in Ontarlo,
not for the year 2021 but for the nearer f tq\e. For
example, the current drlve for bet eﬁ/bu1lt buildings is in

accosdance with the model results. In thé transportation

‘sector, current igcentives exist to reduce gasoline
; e |

i
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consumption for cars. Both propane and CNG ére actively
being promoted. As mentioned above, nearly the same trend
is observed from the model results. The increase in the
share of nuclear power plants is again in accordance with
Ontario Hydro, as is the increase in coal use [recent
discussions with Ontario Hydro and MEO personnel (Duda et
al., 1987}]. Also, results from the sensitivity to oil
price study shows that the modelling,of the refihery'éeems
to be :esponding wé;l, i.e., with iower 0il prices, there
is a mi# of 1owef and higher compiexity refineries
sqpplyihg the entire auto demand. As o0il prices increase,
the higherléomplexity refinery is no more cost effective,
its share being replaced with alternati&e fuels. oOverall,
the modei appears to be performing well.

Future research can be in several directions. The
modeIling-of the industrial sector was limited because of
the daté-base aQailable. Ideally, the industrial sector
should be described by major industries, such as"ifaﬁyéﬁa” \\
steel, pulp and paper, cement,.alﬁﬁinum, etc., eaéh
industryfbéing reprqsented:in detail wiﬁh alternative
technologies for processes,that are under cpnsideration.
Although, this would" be artéék that would involve a lafgeé?
amount of resources, this is essentiq% since the industriél
sector has the largest shareﬂoﬁ energy -consumption. Work

th‘started'on one industry. Currently, Ontario Hydro is

involved jin the development of a process model for the pulp

s
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and paper.industry.

The model can be extended to a multiperiod dynamic

N

model that would encompass a time horizon of about 40 years
N,
a “

in the future in steps of five yeérs or.so. This would
permit the study of the evolution of the energy system for
the above mentioned time: span.

The model can also be extended to include the ~

-

accounting of total environmental emissions associated with L

G

the energy system. This would be useful as an acéountiﬁg
. " N . r

B t . - ;l

tool as well as a measure in comparing alternative’ ..

production as well as end-use technologies. This would

also add to the capability of the model to ihclqde c .éain
environmeﬁtél aspects -in addressing eﬁergy issues. >
A major area of future work could involve the linking

pf this model with MEO's energy demand models and.a %odel
of'Ontario's economy. This would provide a.cbmpr;hensive
framework for energy planning for Ontario. |

| Ancother very major area could involve the development..
of a.multiregional model for-Canad;. This model, togethet
with the model developed‘?or Quepec, pfovide a major -step

in this direction. Not only would the multiregionailmodel v
-bewusefullfroﬁ a national point of view, b@p would also be

an excellent tool for regional energy planning, since it

would represent inter-regional energy flows endogenously.

e

. ’/L/ . ’ . ' o l‘ ' t:\
/ L .



APPENDIX A

DATA ENTRY INTO <SPREADSHEETS

Data entry £or the model is in tweo spreadsheets, namely,
™

the main spreadsheet, that cgntains the major data

v oo
description of the model, and the scenario spreadsheet that

contains information related with the creation of
scenarios. The.ﬁéscriptions and the spreadsheets follow
below. S

A.1l Main spreadsheet

The description here is in two segments. The first section

describes data entry ipto that portion of the spreadsheet
that is read by the WAS;MS processor_aloﬁgawith a few other
details such as variable names etc. The“%econd segment
descrfgeg data entry in the “"unused" portion of the
spreadsheet. This data is not directly redds~by the WATEMS
processor, but is used fof determining values that Are
entered in the firs£ segment.

A.1.1 First Segment

This segment consists ofathree sections, namely, general
information of the model, node information and variable
informétion. In generai, WATEMS, has an area of the
spreadsheet allocated for this information. The major
pprtion of this area which has numerical information is

174
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N .
uploaded to the main frame. 1In this area all cells must
contain numerical information. The technique in WATEMS is
to insert zeros in all unused cells. As mentioned -in

Chaptef

3, certain feétures of WATEMS have not been uged,
or were not applicable in The context of the model !
developed here. In some cases, the WATEMS processor has1
been modified\thereby eliminating the need of inserting

zeros in ‘their régpective cells. However, in other cases-
<

zeros have to be inserted. A
The first four rows Eontain no data. In row/5, polumns
A and B refer to the number of nodes and vari bleé <3
réspectively. Columns C and D give the number of time
périods and the period length. Columns E and F refer to the
Y

annual discount rate and the year zero, both of which are
not applicable here.

| Node information is described from rows 6 to 159.
Column A gives the names of the Egdes. Column B is a
switch, that is either 0 or 1; O'meaﬁs 5mt = ¢, and™}
me&ans it is a constant given in.column C. Columns D,E;E
EOntain zeros. Columns G and H refer to the description of
units. For the model here nodal informatieon (marginal
costs) are in basic energy‘units, i.e. $/PJ, the converg;on

factor, described in column G is therefore 1.

Variable information is decribed in rows 160 to 578.

The bulk of the information is entered here.

Column A contains the names of the variables.
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Columns B and C degﬁ;ibe model structure. For each

variag}e, the source ngde and the destination ﬁode are

entered in columns B and C.: The number 0 describes primary

-

sources (e.g. crude. oil), that do not come from any node.

<

The number 1000-is used for variables that have no

destination node (e.g. demand vbriables). The nu;%ering of
the nodes are in the same or@gr'as they are listed.

Columns D to G deséribe shareiiimit constraints.
Columﬁ D contains an integer. Ify it is 6 it means there is
no share constraint associated with the variable. 1If the
share constraint exists, column D is dgséribed by a four
digit integer, KLMN, where Kis'either i 05_2, L ié-l, M is
1,2 or 3, and N is 1. I£ K is 1 then the share constraint
is on thé incoming éupplg_at the node; and if K is 2,.then
the share_bonsgraint is on the outgoing supply from the
node. If M is 1, there are upper share limits; if M is 2

there are lower share limits; and if M is 3, there are

equality shares. The share itself is specified in column

HJL<< Columns F and G are exactly similar so one can describe

¢

another set of share consfrain&g on the same Variable.
Columhs H to K describe bounds on the variable. 1In a
similar mann;r as above, if a bound exists, column H is
described by .Zh integer L,M and N. The description is
identical to the shareés except heré they are bounds.
Columns L and M describe per unit costs (natural
units). If a Fost,exists column L is 1; or else if no costs

\ —

’ "

P
'
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exist it is 0. The cost is entered in column M (or the

formula for calculating the cbst, based on data giveh in
the same row in the "qnuséd" portion of the spreadsheet,
which then gives thé cost).

Columns N,0 and P are zeros. Columns Q and R describe

conversion. efficiency. Column Q is a switch; if it is O
.the conversion efficiency is 1; if it is 1, the conversion

efficiency is a constant and is specified in column R.

- ! ¥
Columns, S, T and U are zeros.

. niy
s

q%ﬁﬁﬁniw describes a conversion factor that gives the

N R

number ' dF Basic units per natural unit of energy for the
"ariable. Column V gives the natural unit used to describe
the variable. ) s

A.i.2 Second segment

This segment contains data that calculates costs or share

parameters, etc., described in the previous section. This

data is linked witﬁ formulae that calculate the above

<

mentioned parameters. . ~ , .

Startinq with row 5, columns X to AA contain various
consumervpriée indices. These are used for cost
calculations. Columns AD to AG describe fractional time of
the year for each electrical suﬁply mode of the load
duration curve. .

R b .
In column X, row 10 to 21, consists of supply cost data

.

that is mapped on from the scenario spreadsheet. Rows 26

to 52 contain end-use demands that are again mapped on from
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the scenario spreadsheet. So is the information described

in rows 60 to 73. These cells describe parameters that

were used to geperate the end-use demands. Rows.78 to 93
again provide costs of export and import of various fuels.
These also are mapped from the scenario spreadsheet. These

figures are maﬁped to the appropriate cells described in
the first segment. i

Rows 206 to 208, and 247 to 1266, starting with column X
to column AN, contain costing data for the processes.
Thése are, in sequential order, starting with column X,
capital cost, operating cost, operating credits, pilot
plant size: equal capacity plant size, equal capacity
factdt, uncertainty factor, lead time during construction,
fraction of lead time when half expenditures are made,
interest rate during construction, modified capital cost
(formulae based on above data), modified operating cost
(formulae based on above data), consumer price indices
associated with the proc%;ses (tqo columns) intergst’rate,
project lifetime and service factor.

Rows 283 to 310, starting with column X to AF contain
costing datalfor fosgil and nuclear generation plants.
Starting with column'x, these ;re, capital cost per kW,
operating cost. per kW, fractién of lead time when half
expenditures occur, inte;est rate during construction,
modified capital cost (fgiFulae), modified operating cost

(formulae), plant lifetime, seviﬁé\ﬁactor\Egifgiscount

w
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rate.
Rows 316 to 321, 331 to 334 and 349 to 354 has the same -
description for hydro optioﬁs.\ o
In rows 395 to 511, wherever -applicable, contain

costing data for end-use device options, starting with

column X to AB. These are capital costs, operating costs,

lifetime, capacity and discount rate.

v

In rows 512 to 514, starting with column X, are capital

costs, operating costs, lifetime and discount rates for
. @ ' .- :
industrial boilers.

-

. From rows 529 to'578, wherever pplicable, contain
costing data for transportation sector. 'Starting with

column X, these are capitéi cost, lifetime, discount rate,
u

-

and consumer price index.
P

The following pages show the actual spreadsheet.

Pl a(/' i '
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A.2 Scenario spreadsheet

The scenario spreadsheeg'contains suppiy price data and
parametérs that generate end-use demands. The latter are
used by formulae entered in this spreadsheet. The
spreadsheet entries aré self explanatory. Data entry is in
column D from row 3 to row 45, The end-use demand formulae.
are entéred in column C from row 49.to 75. The following

pages display this spreadsheet.
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SCENARID SPECIFICATIONS (All data entry in column B)

1]

1]
¥

Supply Resources Cost Data for the year 2021 (1985 Dollars)

Matural bas Southern Ontaric . $/1000°s of Mcf
fck.-Bft/East/érc  $/1000°s of Ncf
Propane . Mestern Cinada $/Millions of Lts
Coal * MWestern Canadian $/1000°s of Tns
North-Eastern US  $/1000°s of Tns
Crude 0il  Frgn/Reg. Iep. $/1000°s of Brls

Uraniua Saskat/COnt. $/Tonne

¥ood  Ontario $/1000’s of ‘Tns
Lignite Saskatchewan $/1000°s of Tns
Lorn Ontario $/1600°s of Tns
Barley Ontario $/1000°s of Tng
Wheat . Ontario $/1000’s of Tns
Electricity Exports } c/kkh
Electricity Imports 5 c/k¥h

$/Cubic Metres
$/Cubic Metres *

basoline - Imports
Diesel - Imports

Aviation Basoline --lmports
Turbo Jet Fuel - Imports
Light Fuel 0il - Isports
Heavy Fuel 0il - Imports

$/Cubic Metres
$/Cubic Metres
$/Cubic Metres
$/Cubic Metres

Petroleua Pr. & PCF - Iaports  $/Cubic Metres
basoline - Exports $/Cubic Metres
Diesel - Exparts $/Cubic Metres
fiviation Gasoline - Exports $/Cubic Metres
Turbo Jet Fuet - Exports $/Cubic Metres
tight Fuel Dil - Exports

Heavy Fuel Dil - Exports

$/Cubic-Netres
$/Cubir Hetr§§\\\\\
Petroleua Pr, & PCF - Exports  4/Cubic Metres

6210

6210
300000

128000
97000
49000
297000
82000
71000
198000
191000
225000
1.533
6121
380.38
380,38

"380.38

380.38

380,38

380,38
380.38
377,28
377.28
317.28

317,28

377,28
n.A
377.28

End-use Desand Estimation (Data entry in coluan D)
Fopulatipn in 2021 (Millions) 10.4764

# of households in 2021 (Millions)
Fraction of Houses
Fraction of Apartaents
Fraction of new R20005H
Fraction of new ISH
Fraction of .new CBCH
Fraction of housing units with a/c
CkItnew buildings! fr. improvement in heating load
CkI Floor-spate trend
Industrial production trend
Transportation trend (all categories
' except. passenger cars)
Passenger cars and Light trucksiVans trend

5.5979
0.6
0.39
0.45

0.5
0.05
0.8

0.3
2.51
1.82

1

1.55



49
50
at
52
33
54
23
56
El)
58
39
60
61
62
63
b
63
&b
67
&8
69
70
7
72
13
tL.
75

i A I
i ENERGY-R2000SH-SH
| ENERBY-ISH-SH
1w ENERBY-CBTH-SH
| 'ENERBY-NWAPTS-SH
¢ ENERGY-ODAPYS-SH
i ENERGY-WH
i ENERGY-NU-AC
i ENERGY-CAC-AC
i ENERGY-APPLLTG
! ENEREBY-NWC&I-SH
! - ENERBY-ODCLI-SH
! ENERGY-CUI-WH
| ENERGY-C4]-AC
! ENERbY-CRI-EQALE
i ENERGY-I-IH
| ENERGY-I-DH
i ENERBY-I-EL.DRYP
! ENERGY-I-UTLS
! 'ENERBY-PCFLPP
i DIST-TRN-AUTO
i DIST-TRN-L.75kVS
| ENERBY-TRN-BUSES
1 ENERGY-TRN-RAIL
i ENERGY-TRN-MRN
[}
1

ENERGY-TRN-AIRCRAFT

ENERBY-TRN-TRKS
ENERGY-TRN-SWAY

222

15,10
43,65
97.04
19.15
11,94

114,24
15.94
21,55

115.38

194,14
50,78
14.39
47,44

100.72

572,94

544,08

254,40

151.1¢

436,12

121083.40

21049, 18
2,27
b.40
2,75
14,99
18,53
1.61
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APPENDIX B

MODEL RESULTS FOR THE LOW, BASE AND HIGH ENERGY

DEMAND SCENARIOS

The following pages show detailed results for the low, base

and high .energy demand scenarios.

i)
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HODEL NAME:

SOLUTION
DBJECTIVE FUNCTION VALUE

NARGINAL COST

ode Name

Bas Supply

Propane Supply

Coal Supply

Uraniua Supply

Wood Supply
Syncrude

flefineries Dist.
bas-basoline {Mobil)
bas-Hethanol
Gas-ethanol
bas-Liquid Hydrogen

Loal-6s)+Dsl (FT-SASOL)

Coal-Basoline {InCl12}
Coal-Gasuline {Mghil)
Coal-Methanol
Coal-Ethanol
Coal-Liquid Hydrogen
¥uod-Nethanol -
#ood-Ethannl
Corn-Ethanol
Barley-Ethanol
¥heat-Ethanol
Methanol

Ethanol

(.13

LNG

Gasoline

Diesel

Aviation Basoline
Turbo Jet Fuel

Light Fuel Bil

Heavy Fuel 0il
PCF+Petroleua Products
Hethanol-Baseline (MOBIL)
Methanol baspline
Ethano! Gasoline

Elec / 6as-5SBC

Elec / Gas-SPC

Elec / LF Dil-CTU

. Elec /7 HF Dil-5BC

Elec .7 Coal-FFCt

~ Elec / Coal-PFC2

224

Ontario Energy Optirisation Model
L.ow Energy Demand Scepario -

Dollars 2,852756000E+10
Units ' Value
$/P) . 4808000
$/0) 9548283
$/p) 4253200
$/P) 1959000
$/P) ' . 3654249
773 I . 6628000
$/PJ 5491000
$/PJ 13834400
$/PJ - 11091220
$/P) ' 412160.8
$/PJ 0
$/P3 14402620
$/PJ 789808%
$/P3 1434107
$/P] 11090480
$/p] 0
$101, 0
$/p3 894140.8
$/P3 _ 0
$/P 4970161
$/PY 8823161
$/P) . 5290161
$/3 7665161
$/9) : 8788151
$/P) 12808590
1 7/ 13995120
$/P) ‘ 9206175
$/92 10391140
$/P) ' . 9208175
$/p) 10391140
$/P 10391160
$/P) 10996280
$/P) - 10994280
J 8408558
$/P 11684110
$/PJ . 11724440
$/P3. ' 20023530
$/Pl 19429230
$/P) © 13533410
$/P) 11446410
$/P) 11559410

$/M 11601410
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LOY S5CENARID

Node Name Units Valug
Elet / Coal-AFBC $/P1 12152000
Elec / Lignite- $/Pd BA55407
Elec / Uran-New Dar] o $/Pd 1959000
Elec / Uran-Existing Dar}- $/PJ 4929500
Elec / Hew Hydro (Large) $/P) 4570407
Elec / Existing Hydro - $/P) ¢
Elec / Mun. Refuse B 1 I )]
Seasonal Peak \s/PJ . 74943530
Dajly Peak . $/PJ 20992410
Cycl}n/g $/P : 14780410 .
Bate $/Pd 5712000
Electricity ' $/P] 8443193
Flectricity-Liquid Hydrogen $/P - 23388580
Liquid Hydrogen $/8) : 0
Heat-Pump / R2000 SH $/PJ 80743520
Heat Puap + Backups / R2000°SH  $/P) : 22529520
Wood Furnace + Backups / R2000 SH $/PJ - 22529520
Active Selar / R2000 SH $/pJ 1525165
Heating Devices / R2000 5H $/PJ 22529520
Heat-Pusp / ISH , $/Pd §4553520
Heat Pymp<t Backups / ISH $/PJ 17055690
Wood Furpace + Backups / ISH $/PJ 17605950
Active Solar / ISH $/PJ 1525185
Active Solar + Backups / ISH /P 19114030
Heating Devices / ISH $/PJ 17055690
Heat-Pump / OBCBOH §/P) . 31783520
- Heat Pusp ¢ Backups / OBCBOH $/7 ' 24131980
Wood Furnace + Backups / OBCBOM  $/P3 ' 13479560
ActiVS/Su%ar«! OBCBOH $/71 : 1525185
Actjve Solar + Backups / OBCBOK  $/PJ 16932840
Heating Devices / OBCBOH $/P1 : 14479960
Heating Devices / fApts $/PJ 17879450
Housing Types $/R "L 0
Apartment / Types $/A] : 0
Residential Space Heating $/P3 ! 0
fctive Solar - &H /7 Houses $/P] 1585180
Active Solar + WH Backups / Houses$/PJ 40249790
Water Heating Devices / Houses  $/PJ 14743200
Water Heating Devices / Apts =~ $/P3 . 13390700
Residential Nater Heating $/P] 14191330
Heat Pusp - Cooling / Houses $/P 14857840
_ Active Solar - Conoling / Houses $/P3 14857840
Central Air-Conditioning $/P] 791940
Residential Afr-Conditioning $/71 9
Heating Devices / C&l $/P} . 17879450
CtT Space Heating $/P) " 0
Cil Nater Heating Y2 13390700

.C&I Air-Condioning $/PF 5084504



Low

Hode Nase

ind. Indirect Heat

Ind. Direct Heat

Ind. Utilities

Ind. PCF + PP

Autoaobiles

Aircraft

Buses

. Marine

Rail

Trucks

basolines - Ref 2
Distillates - Ref 2
H.Di14PCFAPP - Ref 2

" Lt Trucks & Vans

Seall Hydro

Gas TrankDist

Propane TrankDist

Hethanol TrandkDist
Ethano] TrankDist

Basoline Tran&Bist

Diesel TrankDist

fAviation basoline TrandDist
Jet fuel TrankBist

Light Fuel Bil TrankDist
Heavy Fuel 0il TraniBist
PCF & Petrochemicals TrandBist
Electrical TrankDist

Wood TrankDist .

Liq. Hydrogen TrankDist

LN6 TrankDist

Refinery - 2 (High Cosplexity)
Refinery - 1 {Low Complexity)
Basolines - Ref |
Distillates - Ref 1

Heavy Bils - Ref 1
Electricity lap/Exp

Electricity Exports - Transsission$/PJ

Hun.Red Elec - CY
Mun.Ret Elec - BS
Hun.Ref Elec - Power
Hydro Elec - 10 W& -5P
Hydro Elec - >10 MW -DIP
Hydro Elec - >10 ¥ -CY
Hydro Eler - >10 MM -BS
Hydro Elec - Y10 MW -PONER
Hydro Elec - 2-10 WN -5P
Hydro Elec - 2-10 Kd -DP
Hydro Elec - 2-10 MW -CY

»
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N
SCENARIGO
Units Value
$/Pd 7475500
$/PJ 5022308
$/PJ 11448450
$/PJ 13214930
$/PJ 32031.62
$/P1 39458030
$/Pd 49243800
$/PJ 99262700
$/PJ 492463800
§/03 49263800
$/P1 92061735
$/PJ 10391140
$/PJ 10994280
$/PJ  A2958.3%
$/PJ 3520407
$/0d 9399343
P 13216930
$/Pd 12808590
$/P) 12808390
$/PJ 11544110
$/P 12808590
$/0d 11998170
$/PJ 13001170
$/PJ 9399543
$/PJ 13252040
$/P1 13216930
$/PJ 13253520
$/PJ - 5895249
$/PJ 11544090
!lPQ 12808390
$/PJ . 10015270
$/PJ —~. 10507830
$/PJ /// 9206173
$/Pd 10391140
$/Pd 10994280
$/P] 8443193
12330970
$/P)-- 2251600
$/PJ -653944.1
$/6M -1458319100
$/Pd 141283200
$/PJ 17625200
$/PJ 7390203
“$1P3 ‘ 5783203
/64 P 0
$/Pd 37871710
$/P) 10496200
$/P1 7390203

F:
*

o



Hode Naae

Hydro Elec - 2-10 M -BS
Hydro Elec - 2-10 MW -PONER

Hydre Elec - EXIST.
Hydro Elec - EXI5Y,
Hydro Elec ~ £X18T,
Hydro Elec - EXIST,
Hydro Elec - EXIST.
Hydro €lec - >10 MM

Hydro Elec ~ Y10 WM ~ Peak - 5P $/PJ

Hydro Elec - 10 M

Hydre Elec - 10 ¥ - Peak - Power$/6H

Hydro Elec - EXIST.
Hydro Elec - EXIST.
Hydro Elec - EXIST.
Hydro Elec - EXIST,
Electricity Imports
VARTABLES

Variable Hame

8AS ONT _
bAS-NAC-BFT/ERS. OFF/
PROPANE-NEST
COAL-NEST

COAL-US .
CRUDEOIL-FOREIGN/REG
URANIUM-5ASKAT
N0OD-ONT
LIENITE-BASKAT,
EXISTING HYDRD - PEA

227

-
LOW SCENARIO
Units
$/PJ
$/6KW
-5pP $/P]
-Dp $/PJ.
-CY $/p3
-Bg $/Pd
~PONER $/6M _
- Peak $/P)
- Peak - P  $/P]
- Peak $/PJ
~ Peak - 5P $/PJ
- Peak - 0P $/P)
- Peak - Power$/oH
: $/P1
Units

- 1000 Mcf/yr

ARCTIC ISL.

TONAL INP,

.
KING UNITS

1000 Wctlyr
BLts/yr

1000 Tns/yr
1000 Tns/yr
1000 Brls/yr
Tns/yr

1900 TNS
1000 Tns/yr
G¥h/yr

NEW HYDRO ( 10 NN ) - PEAKING UNIGWh/yr

EXISTING HYDRD - ALL

CATEG.

GNh/yr .

NEW HYDRD ( Y10MW } - ALL CATEG, GWh/yr
SNALL HYDRD {2-10 MW) - ALL CATEG.EWh/yr

CORN-DNT-ETHL
-BARLEY-ONT-ETHL
WHEAT-ONT-ETHL
MUNREFUSE-ELEC
_COAL~SYNCRUDE
6AS-65L (KDBIL)
COAL-65L (ZNCL2}
COAL-GSL {NDBIL)
COAL-GSLDSL (SASOL)
ELEC-GAS-B5L {NOBIL)
ELEC-COAL~GSL (NOBIL}
GAS-NTHL

COAL-NTHL
NOOD-NTHL
ELEC-GAS-NTHL
NTHL-GSL (NOBIL} -

[

1060 NS
1060 TNS
1000 THS
GWh/yr
Pllyr
Pdlyr
PJ!yr
Pliyr
P3lyr
Pl/yr

Pdlyr L

PI/yr
P/yr
Pdiyr

PAyr

Pdiyr

Value

2856000
0
-191385000

~11584180
40840

-2179063
-234039500
0

0

0

0
15229710
7614857
7614857
-19871699
9739193

Value
3314015
713408.8

-0
9994, 064
22805,27
1152918

2546469 -

0
0
1514.388
0
22501, 62
4073.333
§28. 0554
0
0
0
780.0555
0

O OO OO0 00 O OO

Reduced Cost
]

0
458717

0

0
0
-0
1255751

. 2575714
-153229710
0

0
-4570407
-3520407
14993540
13787370
17302450
0
615733.4
-0

0

1816195

0

oo oo

3279485
0
§29014.1

v



\
.

T

Variable Haee

ELEC-MTHL-GSE (MOBIL}
BAS-ETHL

COAL-ETHL
WDOD-ETHL
COAL-DORN-ETHL
COAL-BARLEY-ETHL
COAL-WHEAT-ETHL
ELEC-AS-ETHL
BAS-CORL-ETHL
ELEC-COAL-ETHL
ELEC-NOOD-ETHL
COAL-LHYEN
BAS-LHYGH
ELEC-LHYGN
ELEC-COAL-LHYGN
ELEC-EAS-LHYEN
SYNCRUDE-REF
CRUDE-REF | (LOW CONPLEX,)
CRUDE-REF 2 {HIGH CONPLEX.)
REF 2-GASOLINES -
REF 2-DISTILLATES
REF 2-H.OILEPCFIPP -
REF 2-PROPANE

6SL 2-GASOLINES
DSL 2-DISTILLATES
ABSL 2-GASOLINES
TIF 2-DISTILLATES
LF0 2-BISTILLATES
HFG 2-H.OILLPCFLPP
PCFPP 2-H,DILEPCFAPP
REF 1-GASOLINES
REF 1-DISTILLATES
REF $-H.OILLPCFLPP
SEF 1-PROPANE
65L 1-GASTLINES
DSL $-DISTILLATES
AGSL 1-GASOLINES
TIF 1-DISMLLATES
LFD 1-DISTILLATES
HFD' 1-H. OILEPCFLPP
PCFLPP 1-H,DILEPLFLPP
65L-INPORTS
DSL-INPORTS
ABSL-IMPORTS
TIF-IHPORTS
LFO-IHPORTS
HFO-INPORTS
PLFLPP INPORTS

LGN

Units

Pafyr
PI/yr
Pilyr
Pa/yr
Pliyr
Pdfyr
Pifyr
Pdfyr
P3yr
Pd/yr
Pllyr
Pdlyr

Pliyr ;

Plfyr
Pdiyr
PItyr

Talyr J_},,zf”

T3yr
Tdfyr
Tdlyr
Tityr
Td/yr
Ty
Tilyr
Tdiyr
Tdtyr
Tdiyr

- Tafyr

Tdfyr
Ttyr
Tdfyr
Td/yr
Td/yr
Tdtyr

Tinyr .

T3/yr
Td/yr
T3/yr
Tdfyr
Tdfyr
Tdiyr
Pd/yr
Pilyr

PAfyr
 Pdiyr

Piiyr

Pliyr

Pdfyr

228

SCENARID

Value

)

103278,

- 13592.5
+ 1974735
3368295.8
4319.318
11339295
164267.5

20,0385

33206.05
-0
4761, 81
316534, 4
0

0
0
0
0
0
0

OO0 SO0 O SO O oD 0000000000000 00

Reduced Cost

_ 0
8947760
0

L2 — B — B —

77799840
0
73236440
T

0

0
47150720
51282590
0

K
783415.5

e

[— N — B — B~ B = = =2 I B — I — B — = I — B — B — B — ]

<

2783825
1398838
2783825
1598938
1598638
993714.5
993716.5



o

-

Variable Nase

65L-EXPORYS
DSL-EXPORTS
ABSL-EXPORTS
TIF-EXPORTS
LFO-EXPORTS
HFO-EXPCRTS
PCFLPP-EXPCRTS
ELEC-CNG
ELEC-LNG

CNG

LNG

GSL (KOBIL}-5AS
BSL{INCL2)-COAL
6L (NDBIL)-COAL
6L (NDBIL) -HTHL
65L-COAL (SASOL)
DEL~COAL{SASDL)
MTHL-6AS
NTHL-COAL
NTHL-KODD
ETHL-BAS
ETHL-COAL
ETHL-N00D
ETHL-CORN
ETHL-BARLEY
ETHL-KHEAT
LHYGN-6AS
LHYBN-COAL
LKYGN-ELEC
65L-HTHLESLBLD
BSL-ETHLESLELD
NTHL-NTHLGSLBLD
ETHL-ETHLBSLELD
PROPANE-HOBIL GAS)
PROPANE-NDBIL COAL)

PROPANE-NDBIL (NTHL)

6AS-SBC-ELEC .
GAS-5PC-ELEC
COAL-PFCL-ELEC
COAL-PFC2-ELEC
COAL-AFBC-ELEC
HOIL-SBC-RLEC
LOIL-ETU-ELEC
URAN-NNDL~ELEC
URAN-EXDL-ELEC
ELEC-6AS-SBL-5P
ELEC-EAS-SBC-DP
ELEC-BAS-SPC-5P

LOwW
Units

Pd/yr
Pdfyr
Pd/yr
Pafyr
PIfyr
Pdfyr
Pdiyr
Pafyr
Patyr
Tdtyr
Td/lyr
Td/yr
Tdfyr
T3yr
Tiyr
Tdiyr
Tdfyr
Tdyr
Tdfyr
Tdfyr

“Tdlyr

Td/yr
Tdyr
Tdtyr.
Tdlyr
Tdfyr
Tityr
T/yr
Td/yr
PIlyr
P3fyr
Pd/yr
Pdlyr
Tdtyr
T3lyr
Ttyr
Pd/yr
Bliyr
Pdlyr
PMyr
Pd/fyr
Pityr
Pliyr
PI/yr
Pdfyr

- GWh/yr

adh/yr

BNk /yr

229
SCENARID
Value
4§3634,8
AN O
0
0
0
0
0
0
0
0
. 0
0
0
)
- 0
¢
0
0
0
0
0
0
0
6
0
0
12.23518
0
0
70.87518
. 0
¢ 0
228.89%
230.85
1155. 538
0
0

=R T R =~ I - I— I - -}

0

L

4

Reduced Cost

~2693825
~1508838
-2493825
-1508838
~1508838
-903716.5
-503716.5
2777954
2057517
0

0
10772290

#3910

0

0
16297450
131124460
1353061
nn2
0

0
5391839
89083%.1
0

0

g
2512000

7394000

32936680
0

0
£164479
0

[— I — i — N =~ Y =}

. 155390.3
) 0

0

5995909
7055778

0

-2970500

0

8331124
5135594

.
NN

2



LOW SCENARID

cooco oo
,

Variable Name o e Units . Value Reduced Cost
ELEC-GAS-SPC-DP - GRh/yr 0 A3B4818
ELEC-LOIL-ETU-SP : EWh/yr 0 15889880
ELEC-LOIL-CTU-DP BWh/yr. 0 0
ELEC-HOIL-SBC-SP . GWh/yr 0 40302880
ELEC-HOIL-5BC-DP - BWh/yr 0 474000
ELEC-HOIL-5BC-CYC BWh/yr 0 L0
ELEC-HDIL-5BC-BASE GWhiyr 0 BOIB4OT
ELEC-CDAL-PFCI-5P " BRhiyT 0 34915680
ELEC-COAL-PFCI-DP ) G¥h/yr 0 246000
ELEC-COAL-PFCI-CYC GWh/yr 0 0
ELEC-COAL-PFC1-BASE . GHhfyr 0 8054407
ELEC-COAL-PFL2-5P GNh/yr 0 33227880
ELEC-COAL-PFC2-DP EWh/yr 4826.433 0
ELEC-COAL-PFC2-CYE GHh/yr 2341,802 - 0
ELEC-COAL-PFC2-BASE . G¥hiyr 0 8092407
 ELEC-COAL-AFBC-5P GWh/yr 0 65808440
ELEC-COAL-AFBC-DP BWh/yr 0 5499592
ELEC-COAL-AFBC-CYE ~ EWh/yr i} 2144592
ELEC-COAL-AFBC-BASE EWh/yr 0 9708999
ELEC-LGTE-ELEC-5P ‘ EHh/yr 0 124411900
ELEC-LGTE-ELEC-DP - ENh/yr . 0 6043000
ELEC-LGTE-ELEC-CYC . ENh/yr 0 0
ELEC-LGTE-ELEC-BASE BHh/yr } 0 7139407
ELEC-URAN-NWDL-BASE GNh/yr 6358048 0
* ELEC-URAN-EXDL-BASE Bdh/yr 64125
ELEC-NHHY ( 10NN} ~5P fn/yr 0
ELEC-NWHY () 10NN} -DP ENh/yr 0
ELEC-NKHY (310 NW}-PEAK U.-SP-E.T.PPJ/yr 0 IS
ELEC-NWHY (310 WW)-PEAX U.-DP-E.T.PP/yr 0
ELEC-NWHY (10KN}-PEAK U,-PONER GV — 0
ELég::Eyffilonwi—sp BWh/yr 0 328456400
NELEE<HRHY ()10} P BNh/yr 0 17937580
ELEC-NWHY{>10 MW)-SP Bih/yr 0 0
ELEC-HWHY (310 MW)-DP EWh/yr . 0 0
ELEC-NNHY {310 MW}-CYC " GHh/yr . 4073.333 0
ELEC-KNHY {310 NW}-BASE. EWh/yr ' 0 0
ELEC-NNHY (310 MW)-SP-ENGY T PNR Pd/yr 0 247627000
ELEC-NWHY (Y10 MW)-DP-ENGY TO PR PJ/yr _ 0 14258000
ELEC-NNHY (>10 MW}-CY-ENGY TO PR PJ/yr 14, 66399 0
ELEC-NHY{>10 MN}-BS-ENGY TO PWR P/yr .0 5783203
ELEC-NWHY{>10 MN}-POWER . C o 0,848459 0
ELEC-NWHY (310 KN}-SP EWh/yr T 0 . 0
ELEC-KNHY{)10 MW}-DP ENh /yr ' 0 i 0
ELEC-NNHY{}10 NN}-CYC BWhiyr ' 1073.333 0
ELEC-MWHY {310 X¥)-BASE BWRYyr 0 71203, 5
ELEC-NNHY {2-10 NH}-SP GMfyr 0 279077100
ELEC-KNHY (2-10 #N)-DP BWh/yr 0 16348000

ELEC-NWHY (2-10 M¥W)-CYC . Ekhiyr 628,0354 0



- 231

104 SCENARID

Variable Nane Units Value Reduced Cost
ELEC-NWHY (2-10 WY}-BASE gWh/yr 0 3520407
ELEC-RWHY (2-10 MW)-5P-ENGY TO PNR PI/yr' ¢ 0
ELEC-NWHY{2-10 MWW)-DP-ENGY TO PNR PJ/yr 0 0
. ELEC-NWHY{2-10 MW}-CY-ENGY TO PHR PJ/yr 2.251 0
ELEC-HRWHY (2-10 MW)-BS-ENGY TO PHR PJ/yr 0. 0
ELEC-KWHY(2-10 MW)-PONER 1] 0,130821 ¢
ELEC-NNHY(Z-10 MW}-5P . G¥hiyr 0 0
ELEC-NWHY{2-10 MW)-DP GHh/yr 0 0
ELEC-MNHY{2-10 MW)-CYC G¥h/yr $28.0554 9
ELEC-NWHY {2-10 NW)-BASE Ewh/yr ) 0 0
ELEC-EX. HYDRG-PEAK U,-5P E¥h/yr S 3. 063408 0
ELEC-EX.HYDRD-PERK U.-DP . - BHh/yr - 513,325 0
ELEC~EX.HYDRD-PEAX U,-5P-E.T.PNR PJ/yr . . 0,011028 0
ELEC-EX.HYDRO-PEAX U.-OP-E.T.PHR Plfyr 5.447971 -0
" ELEC-EX.HYDRO-PEAK U.-PONER M 0.947 -198716%0
ELEC-EX,HYDRO-PEAK U.-5P Edh/yr 3.063408 0
ELEC-EX.HYDRD-PEAK .-DP EWh/yr 1513.325 0
ELEC-EXHY-5P BWh/yr 0 383919100
ELEC-EXNY-DP GWh/yr 0 23283070
ELEC-EXHY-LYC ' E#h/yr 22501, 42 0
ELEC-EXKY-BASE . GWh/yr 0 W
ELEC-EXHY-SP-ENGY 7O POMER Pllyr 0 0
ELEC-EXHY-DP-ENGY TO PONER Pltyr 0 0
* ELEC-EXHY-CYC-ENBY TO POMER Plfyr 81.00587 0
ELEC-EXHY-BASE-ERGY TO PONER Pltyr 0 ¢
~ ELEC-EXHY-PONER eH 4,687 -234039500
" ELEC-EXHY-SP 6Wh/yr ] 0
ELEC-EXHY-DP GWh/yp 0 0
ELEC-EXHY-CYC : ERh/yr 22501, 482 0
ELEC-EXHY-BASE BN /yr ' 0 0
ELEC-NUNREFUSE-CYC EWh/yr 180, 0556 0
ELEC-NUNREFUSE-BASE ‘ BNh /yr 0 ) 3444888
 ELEC-NUNREFUSE-CYC-ENGY TO PONER Plfyr 2.808201 * 0
ELEC-MUNREFUSE-BASE-ENGY TO POWER PJ/yr 0 ]
ELEC-NUNREFUSE-POWER BN - 0.2 ~144319100
ELEC-MUNREFUSE-CYC " BNhiyr 780,0556 0
ELEC-MUNREFUSE-BASE G¥h/yr 0 0
ELEC-TOTALSP P3yr i £,171328 0
ELEC-TOTALDP Pliyr ) . 22, 82313 0
ELEC-TOTALCYC Pityr : 109. 1696 0
ELEC-TOTALBASE . Flyr ) . 88,1397 0
ELEC-TDTAL Pdfyr . 395.9038 ¢
ELEC-ETPORTS-TRAN, Pdlyr * 533.30973 0
ELEC-EXPORY Piyr § 30 ) -2679034
ELEC-INPORT Pl/yr o 14520810
ELEC-INPORTS-TRAN, PIfyr 0 0
BAS-TRAKKDIST Pllyr . T§71.2253 . 0
PROPANE-TRANSDIST PJiyr ]

4.379319 0

o DO,



[

#

Yariable Nage

HETHANOL-TRANYBIST
ETHANOL-TRAREDIST

BASOLINE-TRANKDIST
DIESEL-TRANEDIST
AV.BAS-TRANLDIST
JET FUEL-TRANRDIST
LFO-TRANKDIST
HFO-TRANXDIST

. PCFYPR-TRANLDIST

ELEC-TRANDIST
WOOD-TRANKDIST
LHYEN-TRANDIST
LNG-TRANKDIST
ELEC-HTP-R2SH-SHEAT
6AS~FLE+HTP-R25H-SH
LOTL-FEE+HTP-R2SH~SH
ELEC-RES+HTP~R25H~GH.
HT-ENERGY-HTP-R25H-SH
ENERGY-OPTS*HTP-R2SH-SH .
6AS-NCBFCE-R2SH-5H
LOIL-NCBFCE-R25H-SH
. ELEC-NDFCE+RES-R25H-SH
WO0D-OPTS+WDFCE-R25H-SH
ENERGY-OPTS+HDFCE-RZSH-SH
ELEC-ASR-R2SH-SHEKHLAC
ASR-R2GK-SHLRRLAC
HT ENERGY-ASR-R2SH-SH
6AS-C6F-R25H-SH
6AS-FLE-R2SH-SH
LOIL-FEE-R2SH-SH
ELEC-RES-R25H-5H
ELEC-HTP-ISH-SHEAC
BAS-FLE+HTP-ISH-SH
LOIL-FCE+HTP-15H-5H
ELEC-RES+HTP-ISH-SH
HT-ENERGY-1SH-SH
ENERGY-OPTS+HTP-1SH-SH
6AS-NCBFLE-1SH-5H
LOIL-NCBFCE-ISH-SH
ELEC-NDFCE+RES-SH-SH
NODD-NCBFCE+OPTS-ISH-SH -
JENERGY-WCBFCE+0PTS-15H-5H
6AS-FCE+ASR-ISH-SH
LOIL-FCE+ASR-15H-5H
ELEC-RES#ASR~ISH-SH
ELEC-ASR- 15H-SHEKHLAC
ASR-15H-SHINHLAC
HT ENERGY-ASR-1SH-SH

LOW

Units -

Pifyr
P3/yr
Pliyr
Pd/yr
Pliyr
Pdfyr
Ptyr
Pd/yr
Pd/yr
Patyr
Pdfyr
Pilyr
PI/yr
Td/yr
Ti/yr
TI/yr
Tdfyr
“Pdiyr
Pd/yr
Pliyr
Pd/yr
Pdfyr
Td/fyr
Pdiyr
Pdiyr
+Pdfyr
Tatyr
Td/yr
Tilyr
Td/yr
Toiyr
Td/yr
Tdiyr
T /yr
Td/yr
P3iyr
Pdlyr
Pliyr
Pltyr
P fyr
Tiyr
Pd/yr
Td/yr
T/yr
Tilyr
Pl/yr
Pdlyr
Ty

232

SCENARID

Value

0
9
113.3923
160, 2875
0.200037

33,2080

0
4.76141
318,534
540.5939

. . :
PP =P =P =T == I — ' N — S — N — N — N B o e A O — RN - B — e R e B e - s A A — R — - B — I — R - - R = e R R = =

18%53.9

4
.

Reduced Cost

3

43340840
5749951
0
7806749
N2

0

oo O O

797549.8
2909634
0
-0
0
14895670
3422407
378949, 3
1328424
0
0
1844749
2611926
o B

L— I — I — =]

192649.9
0

130259

0
649785.3
1742813
0

0

0



Variable Nape

ENERGY~ASR+GPTS-15H-5H
6AS-CEF-1EH-GH
GAS-FCE-15H-SH
LOIL-FCE-I6K-5H
ELEC-RES~ISH-SH
ELEC-HTP-0BCBO-5HAALC
GAS-FCE+HTP-0BEBO-5H
LDIL-FCE+HTP-DBRCBO-5H
ELEC-RES+HTP-0BCBO-5H
HT ENERGY-HTP-DBLAO-SH
ENERGY-OPTE+HTP-OBLBO-5H
EAS-WCBFEE-0BLAO-SH
LDIL-WCBFCE-DBLBO-SH
ELEC-NDFCE+REB-DBCBO-5H
W0OD-NEBFLE-DBCBO-SK

ENERGY-NCBFLE+OPTS-OBLRO-SH

BAS-FCE#ASR-0BCA0~5H
LOIL-FCE+ASR-0BLA0-SH
ELEC-REG+ASR-DBCB0-SH
ELEC-ASR-03CBO-SHENHAAC _
ASR-DBLB0-SHANHEAL

HT EMERGY-ASR-0BCBO-SH
ENERGY-ASR+OPTS-0BLBO-5H
6AS-CEF-0BEB0-SH
6AS~FLE-0BCA0-GH
LOIL~FCE-03CB0-GH
ELEC-RES-DBCBO-5H
GAS-CEB-APT-GH
6AS-1EB-APT-SH
LOIL-BLR-APT-5H
ELEC-BLR~APT-SH
ELEC-BSD-APT-SH
ENERGY~R2GH-EH
ENERGY~15H-SH

* ENERGY-OBCBO-SH

ENERGY-NHA-GH
ENERGY-0DA-SH
ENERSY-~H-5H
ENERGY-A-SH
ENERGY-RES-SH
ENERGY-SRINH) -R2SH
ENERGY-SRINH) ~15H
ENERGY-SR [WH) -DBCEOH
ENERGY~SR (WH) -HOUSES
ENERGY-ASR+BKP-H-NH
BAS-WHR+ASR-H-HH
ELEC-WHR+ASR-H-WH
GAS~MR=H-¥H

LOW
Units

B3 fyr
Tyr
Tdfyr
Td/yr
Tdlyr
Td/yr
Tl/yr
Td/yr
Tdlyr .
Pd/yr
Pd/yr
Pdfyr
Pdiyr
Pdfyr
T3/yr
Plfyr
Tilyr
Td/yr
Tiiyr
Pd/yr
Pfyr
Ty .
Fllyr
Tdtyr
Tdtyr
Tdyr
Tidyr
Tiiyr
Tdtyr
Wiyr
Tilyr
Td/ye
Pdiyr
Pd/yr
Pd/yr
Pdfyr
Pdfyr
Pd/yr -
Pyr
Pilyr
Plfyr
Pliyr .
Pd/yr
Plfyr .
P3/yr

Rllyr

PUYT
Pyr

233

S5CENARIQ

Value

0
0
36801.23

i 0

Yo

\o
(0

 99895.48

0

0

.0
-0
36256.20
0
0
0

© 18. %3399

29. 44099
91.72099
17.05999
11,4499
140,1159
29,005
169.121
0

0
0
0

0
0
0
B0.49789

o
SO O D 00 00 0000 00O

Reduced Cost

2080324
594315, 5
0
6697853
1752813
0
0
599535. 3
2542813
0
9652034
e
0
“792649.8 .,
0
0
0
599535.3
2542813
0‘4
0
0
2472895
0-
248595. 4
832593.3
2853557
854438.3
0
- 1972.902
- 2221083
3594083
50179520
30875690
14479950
17879450
17879450

O o0 OO0 O o
A

2548570
0

119563
0

b



s d

Variable Haee

ELEC-WHR-H-WH
GAS-BLR-A-NH.
ELEC-BLR-A-NH
ENERGY-H-HH
ENERGY-A-HH
ENERGY-RES-WH
ELEC-INAC-AC
ENERGY-HTP {CAC)-R25H
ENEREY-HTP(CAC)-15H
ENERBY-HTP {CAC) -0BCBO
ENERBY-HTP {CAC) -HOUSES
ENERGY-ASR{CAC) -R26H
ENEREY-ASRICAC)-15H
ENERGY-ASR{CAC)-NBCBO
ENEREY-ASR{CAC) -HOUSES
ELEC-CAE-AC-HOUSES -
ELEC-CAC-AC (APT)
ENERGY-LAC-RES
ENERGY-RES-AC
ELEC-RES-APPALTE

" GAS-CEB-CLI-SH

EAS-16B-CLI-SH
LOIL-BLR-CXI-SH
ELEC-BLR-CAI-SH
ELEC-HSD-CkI-5H
ENERGY-NNBDGS-CLI-5H
ENERGY-0DBDGS-Ek]1-5H
ENERGY-CI-SH
BAS-BLR-CAI-WH
ELEC-BLR-CLI-NH
ENEREY-CLI-KH
ELEC-CHI-AC
ENERGY-CAI-AC
ELEC-CYI-EQPTLLTG
EAS-BLR-I-IH
HOIL-BLR-I-1H
COAL-BLR-1-IH
ENERGY-1-1H
6AS-BR-1-DH
HOIL-BR-1-DH
ELEC-HD-1~DH
COAL-BF-1-DH
ENERGY-1-DH -
ELEC-ENXEL. CHMLS-1
EAS-1-UTL
ELEC-1-ITL
LOIL-T-UTL
ENEREY-1-UTL

LOW

Units

Pityr

T PAiyr

Pd/yr
PIiyr
Plfyr
Pdlyr
pdiyr
PI/yr
Pdlyr

" Pllyr

Pliyr
Pdiyr.
Pdiyr
Fliyr
PItyr
Pd/yr
Pdfyr

Pdfyr

Pliyr
Pd/yr
Tdlyr
Tdtyr
T3/yr
Tdiyr
TdHyr
Pliyr
Pd/yr
Plfyr
Pltyr
Pliyr
PIfyr
Pliyr
P/fyr
PItyr
Pdtyr
Pliyr
Pdfyr
Pd/yr
Pifyr
Pl/yr
Pl/yr
Pdiyr
Pilyr
Pdlyr
Pliyr .
Pd/yr

" Py

PI/yr

234

SCENARTICD

Valud

0
51, 46585
0

- 64,3980

/‘_ .

$1.17260
105.5709
4,29
e

0
1.985372
1.8217%

1742199

30.30999
104. 425
0
227701.2
-0

0.

0

121, 445

60.71999
182,225

1317125

0
10,536%9
11.30832

33,925
73,759

0

0
325,4084
420.3269

31.93232

3193232
3.991303
380.8024
399,154
186.638
72.38073
38.97424
0
11,3549

L~ — B — I — B — ]

Reduced Cost

1881313
0
3193813
0

0
14191330
176539520
e

0

0

0
4068914
4068914

1088914

0
0
0
11791940
0
15253520
BI4438.3
0
1972.902
2221063
1594063
17879430
17879450
0
0
3193813
13390700

* 0

3084306
15233520
- 3990263

B377885 ¢

0
7476500
0

0

0

0
£022308
15253520
0

0

0
11448450

[



Uarieble Nage

PROPANE-1-PPCF
OBPPCF-I-REF
ENERGY-1-PPCF
PROPANE-TRN-AUTO
HTHL-TRN-AUTO
ETHL-TRN~AUTD
CNE-TRN-AUTO
LNS-TRN-AUTD
GASOLINE-TRR-ALTO
DIESEL-TRN-ALTO
KETHS5L-TRN-AUTD
ETHESL-TRN-AUTD

" LHYGN-TRN-AUTD
ELEC-TRN-AUTD
ENERGY-TRN-AUTD
*PROPANE-TRN-LT. TKSLVANS
MTHL-TRN-LT, TKSLVANS
ETHL-TRN-LT, TKSKVANS
CNB-TRN-LT, TKSAVANS
LNG-TRN-LT, TKS4VANS
GASOLINE-TRN-LT, TKEEVANS
DIESEL-TRN-LT. TKSLVANS
METHGEL-TRN-LT, TKSLVANS
ETHESL-TRN-LT. TKSAVANS
LHYEN-TRN-LT. TKSAVANS
ELEC-TRN-LT. TRKSKVANS
ENERGY-TRN-LT. TKS&VANS

 AVGAS-TRN-ACRAFT

" TJFUEL-TRN-ACRAFT
ENEREY-TRN-ACRAFT
DSL-TRN-BUS
PROPANE-TRN-BUS
CHE~TRN-BUS
LNE-TRN-BUS
NTHL-TRN-BUS
ETHL-TRN-BUS

* LHYGK-TRN-BUS
ENERGY-TRN-BUS
DIESEL-TRN-NRN
HOTL-TRN-NRN
ENERGY-TRN-MRN
DSL-TRN-RAIL
ELEC-TRN-RAIL
ENERGY-TRN-RAIL
DIESEL-TRN-TRUCK
PROPANE-TRN-TRUCK
CR5~TRN-TRULK
LNG-~TRN-TRUEK

235

LOW SCENARID

Units

Pdfyr
Pd/yr
Patyr
P3/yr
Pdtyr
Pilyr
Pd/yr
Pliyr
PI/yr
Pd/yr .
Pdiyr
Pltyr
Pdfyr
Pliyr
Nkas/yr
Pafyr
Pd/yr
Plfyr
Pliyr
Plfyr
Pd/yr
Pifyr
Pl/yr
Pd/yr
Pdlyr

Ryr

Kkas/yr Y
Rd/yr ) h
Pltyr

Rifyr

PHyr N
Pl yr

Pdlyr

Pdfyr -

Pllyr

Pityr

Pdfyr

Pltyr

Pdtyr

Bdfyr

Pliyr

Pdvr .

Pdlyr N
Pd/yr

Pilyr

Plfyr

Pdlyr -

Pllyr

Value

4.366181

313.5847
319.9509
0
0
0
42.50033

0.

65.929
81.12382
0

0

0
J1.88848
BB585.75

7.439472
15414.57
0.199438
33, 10644
10. 74899
6.380771

’ 0

L= — B — I -]

B 0
1659
3.368119
9.703813
2,014

- 18.56153

0

4,826
32.13845
0

0

¢

Reduced Cost

0
0
13216930
408347.8
' 0

L=~ — Y —

0.3081
80342, 56
0

0
32031.62
" 408365.3
17.56707
17.56707
17.56207
17.56707
0
£7.51307
0.3211
8034%.56
0.54

0
42958.39
0

0
39458030
0
1393622
985274.1
985274.1
985274.1
985274, 1
8046035.46
49263800
0

0
99262700
0

0
49263800
0
1393622
852783
985274.3



Variahle Name

KTHL-TRN-TRULK
ETHL-TRN-TRUCK

LHYGN-TRN-TRUCK .
ENERGY~TRN-TRUCK - '
ELEC-TRN-GTCESBY

NODEL HAME:
SOLUTION
OBJECTIVE FUNCTION VALUE

NARGINAL EOST

Node Nage

Bas Supply

Propane Supply

Coal Supply

Uraniue Supply

Wood Supply

Syncrude

Refineries Dist.
bas-hasoline {Mobil)
bas-Nethanol
Bas-ethanol
bas-Liquid Hydrogen
Cozl-6s1+Ds1 (FT-SASOL)
Coal-bascline (InCl12)
Coal-Basoline (Mobil) -
Coal-Methanol
Coal-Ethanol
Coal-Liquid Hydrogen
Wood-Nethanol
Wood-Ethanol
Corn-Ethanol
Barley-Ethanol
Wheat-Ethanp)
Hethanol

Ethanol

K6

LNB

basnline

Diesel

Aviation Gasoline
Turbo Jet Fuel

Light Fuel 0i}
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LOW SCENARID

Units Value

PIiyr 9
Pdiyr ¢
Pdtyr 3 0
Pdlyr 13, 35599
Pfyr 1.178

Ontario Energy Optimisation Nodel
Base Energy Demand Scenaria

Dollars 3. 365974000E410
Units Yalue
$/PJ . 5534000

R 73 7737488
$/PJ 3407100
$/PJ ' 1569000
$/p) 2789050
$/p1 4595000
$/P) 7459000
$/p3 11272930
$/Pd 5034549
$/P) 0
$/pPJ 0
$/PJ 13139610
$/PJ : 4326902
$/pP) C 12733
$/P) : B884225
$/P) 0
$/P3 0
$/P1. . 0
$/pPY 0
$/PJ 3544480
$/P} 5399488
$/PJ 3855488
$/P3 ‘ 6241488
$/pP] 7364468
$/PJ 11380430
$/P} 12643970
$/°) 7911934
$/P) 947489
$/P) 7911934
$/7) §94748¢

$/Pd ' 5696404

Reduced Cost

9832743
9832743
806062.5
49263800
15253520
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BASE SCENARID

Node Hase lnits

N Value
Heavy Fuel 0il $/P) . 8225101
PCF+Patroleua Products $/Pd ' 8225101
Hethanol-Gasoline (MDBIL) $/PJ 7791394
Methanol Gaseline $/P) 10345970
Ethanol Gasoline $/p) £0417360
Elec / Gas-SBC $/P) 16276470
Elec / Gas-5PC ) $/P2 15793360
- Elec / LF Oi1-CTU $/PJ ‘ §12093%0
Elec / WF Dil-SBC N T3] 9122595
Elec / Coal-PFC1 $/P1 2355935
Elec / Coal-PFC2 $/Pd 935799
Elec / Coal-AFBC $/P] ’ 9734571
Elec / Lignite-. $/PJ 6338593
Elec / Uran-New Darl $/P1 < 1549000
Elec / Uran-Existing Darl $/PJ 4539500
Elec / New Hydro (Large) §/Pd ' 2246593
Elec / Existing Hydro $/PJ ’ 0
Elec / Mun, Refuse B 71 ]
Seasonal Peak $/P) Y 71196460
Daily Peak $/PJ 18448390
Cycling $/PJ 124546590
Base $/P2 : 5322000
Electricity $/01 7601354
Electricity-Liquid Hydrogen $/P 23845500
Liquid Hydrogen $/P3 ' ’ 0
Heat-Puap / R2000 SH $/P3 79835380
eat Puap + Backeps / R2000 SH  /PJ 21264570
¥ood Furnace + Backups / R2000 S5H $/P1 212645670
Active Solar / R2000 SH $/PJ . 1432482
Heating Devices / R2000 SH $/P] 21264570
" Heat-Puap / ISH $/PJ 43626380
Heat Puap + Backups /7 ISH $/P) 15317510
Nood Furnace + Backups / ISH $/21 15317170
Active Solar / ISH $/P : 1432482
Active Solar + Backups / ISH $/PJ 188916460
Heating Devices /7 ISH $/P1 13317170
Heat-Pump / DBCROH $/P1 30854380
Heat Pump + Backups / OBCBOH $/P) 25004840 ™+
Kaod Furnace + Backups / OBCBOR  $/P) - 12968190
fActive Solar / 0BCBOH $/0 1432482
fctive Solar + Backups / OBCBOK  $/P3 12958190
Heating Deviees / OBCBOH $/PY . 12968190
Heating Devices / Apts $/PJ 16140920
Housing Types $/P) 0
Apartrent / Types , $/P3 0
Residential Space Heating $/P] 0
. Active Solar - WM / Houses $/PJ 91432480

Active Solar + WH Backups / Houses$/Pd 37037920
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BASE SCENARID

Node Nase Units Value
¥ater Heating Devices / Houses  §/Pl ' © 12964670
Rater Heating Devices / Apts /R 11452170
Residential Water Heating $/PJ 12452790
Heat Puep - Eocling / Houses $/P 14348790
Active Solar - Cooling / Houses  $/PJ ) 14548790
Central Air-Conditioning $/PJ 11482900
Residential Air-Conditioning $/P) 0
Heating Devices / CiI $/M 16140920
C&I'Space Heating - $/P] 0
C¥I Nater Heating $/Pd 11652170
L4l Air-Condioning $/Pd 4775451
Ind. Indirect Heat $/F) h31BBTS
Ind. Direct Heat _ $/7] 4872210
Ind. Utilities $/M . 10219910
Ind. PCF 4+ PP $/P) 10437410
Autoaobiles $/P) 28738.%8
Aircraft ‘ $/pd 35124400
Buses : $/P) 43771650
Marine $/PJ 81922570
Rail $/P) 43771680
Trucks ' $/P) 3771640
gasolines - Ref 2 $/p) 791194
Distillates - Ref 2 , $/PJ 8947489
H.0il4PCF&PP ~ Ref 2 $/PJ } 8225101
Lt.Trucks & Vans $/P1 J 3854244
Small Hydro $/PJ © 1194579
fas TrankDist $/PJ . B0OB734
Propane TrankDist $/P - 11380430
Methanol TrankBist $/PJ 113805630,
Ethanol TrankDist $/P3 11380430
Basoline TrankDist - $/PJ 10345970
Diesel TrankDist $/P2 113804630
Aviation Basoline TrankDist $/PJ 10700030
Jet fuel TrankDist $/71 11573210
Light Fuel Dil Tran&Dist $/P) 7 8093498
Heavy Fuel 0il TrankDist $/93 - 10472520
PCF & Petrochemicals TrankDist  $/RJ 10437410
Electrical TrankBist $/P3 14326380
Wood TrankDist $/PJ 5030050
Lig. Hydrogen TrankDist - $IR 10345940
LNG TrankDist ' $/P3 11380630
Refinery -~ 2 {High Complexity)  $/PJ . 8448305
Refinery ~.1 iLow Complexity) $/PJ . 8386743
Gasolines - Ref 1 $/Pd 1911934
Distillates - Ref 1 $/P] - - 8967489
Heavy Dils - Ref 1 N 7 | © §225101
Electricity Imp/Exp $/PJ : 7601334

Electricity Exports - Transsission$/Pl : 11399730



A | 239

BASE SCENARID

Node Hame Units
Hun.Ref Elec - CY $/P)
Mun,Ref Elec -~ BS - $/PJ
Bun.fef Elec - Power $/6M
Hydra Elec - 10 ¥ -SP $/P)
Hydro Elec - 10 MW -DP $/PJ
Hydro Elec - 10 MW -CY $/Pd
Hydro Elec - Y10 MW -BS $/PJ
Hydro Elec - Y10 MW -POKER $/68
Hydro Elec - 2-10 M§ -SP $/P3
Hydro Elec - 2-10 MW -DP - $/P)
Hydro Elec - 2-10 ¥ -CY $/B§
Hydro Elec - 2-10 MW -B5 $/PJ
Hydro Elec - 2-10 XN -PONER $/6K
Bydro Elec - EXIST. -5 /P
. Hydro Elec - EXIST, -DP $/P}
Wigro Elec - EXIST, -CY $1PJ
Hyﬂ{f Elec - EXIST. -BS $/M
Hydro Elec ~ EXIST. -PONER $/6M
Hydro Elec - Y10 MW - Peak $/PJ

Hydro Elec - )10 Hil - Paak = SP " $/PJ
Hydro Elec - 10 WN ~ Peak ~ 0P $/P}
Hydro Elec - >10 MM.- Peak - Power$/6N

" Hydro Elec - EXIST. - Peak - $/A]

Hydro Elec - EXIST, -'Peak - SP  $/P)
Hydro Elec - EXIST. - Peak ~ DP  $/PJ
Rydro Elec - EXIST. - Peak - Power$/GW

Electricity Imports $/P)
VARIABLES ' .
Variable name Units
BAG ONT 1000 Wef/yr
6AS-MAC-BFT/EAS.OFF/AREYIC ISL. 1000 Mcé/yr
PROPANE-NEST MLts/yr
COAL-NEST : 1000 Tns/yr
COAL-US 1000 Tns/yr
- CRUDEDIL-FOREIGN/REGIONAL INP. 1000 Bris/yr
URANIUN-SASKAT Tns/yr
NODD-ONT 1000 TNS
LIGNITE-SASKAT, 1000 Tns/yr

EXISTING HYDRD - PEAXING UNITS  GKh/yr
NEW HYDRO { )10 MW ) - PEAKING UNIGNh/yr
EXISTING HYDRO - ALL CATEG. B¥h/yr
NEW HYDRD ( J10MW-) - ALL CATEE. GKh/yr
SMALL HYDRD (2-10 WM) - ALL CATEG,GNh/yr

CORN-ONT-ETHL - 1000 TNS
BARLEY-ONT-ETHL 1000 TNS
WHEAT-ONT-ETHL 1000 VNS
MUNREFUSE-ELEC GWh/yr
COAL-SYKCRUDE " Pllyr

Value

2251000
~63131.19
-11169040
160123400
16463300
6228297
2421297
0
35598240
9334297 h "4
228297 -
2461000
0
-157078000
~9756949
10840
-1578039
~213874800
0 -
0
0
0
13057900
4528948
6526948
-16997400
1897354

(/””G;IEB~~\ Reduced Cost

[ 5514.015¢ 0
916668,3 |
0 3432512

14194, 86 0
32392.43 0
159085. 4 0
3120.092 0
0 1119950

.0 2323578

1516. 388 ~13057900
0 0
2250162 | 0
1073.333 -2248595
628,054 -1196595
0 12241010

0 11043450

0 14048900

0. 0556 0
0 884815.3



Variable Naae

GAS-ESL (NDBIL)
COAL-BSL (ZNCL2)
COAL-BSL (HOBIL)
COAL-GSLDSL {5450L)
ELEC-6AS-GSL (NDBIL)
ELEC-COAL~B5L (MOBIL)
6AS-MTHL
EOAL-HTHL
NODD-HTHL
ELEC-GAS-NTHL
NTHL-GEL (NOBIL)
ELEC-HTHL-BSL (KOBIL)
BAS-ETHL
COAL-ETHL
¥0OD-ETHL
COAL-CORN-ETHL
COAL-BARLEY-ETHL
COAL-WHEAT-ETHL
ELEC-GAS-ETHL
GAS-COAL~ETHL
ELEC-COAL-ETHL
ELEC-NOOD-ETHL
COAL-LHYBN
GAS-LHYEN
ELEC-LRYEN
. ELEC-COAL-LWYEN
ELEC-BAS-LHYEN
SYNCRUDE-REF
CRUDE-REF 1 {LON CONPLEX.)
CRUDE-REF 2 (HIEH CONPLEX.)
REF 2-GASOLINES
REF 2-DISTILLATES
REF 2-H.DILKPCFEPP
REF 2-PROPANE
BSL 2-GASOLINES
DSL 2-DISTILLATES
ABSL 2-GRSOLINES
TIF 2-DISTILLATES
LFD 2-DISTILLATES
HFO 2-H.GILLPCFEPP
PLFLPP 2-H. DILUPCFLPP
REF 1-GASOLINES
REF 1-DISTILLATES
REF 1-H.OILLPCFEPP
REF 1-PROPANE

SL 1-BASOLINES *

BSL 1-DISTILLATES
ABSL 1-GASOLINES
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BASE SCENARID

tnits Value

Pd/yr
Pltyr
Paiyr
*Pilyr
Pdfyr
Pd/yr
Pi/yr
Pifyr
Pl/yr
PIfyr
Pilyr
Plyr
Pd/yr
PItyr
Pilyr
Pdiyr
PIyr
Pd/yr
Pdlyr
Pdfyr
Pltyr
Pllyr®
Pl/yr
Pllyr
Pd/yr
Pd/yr
Pdlyr
Tiyr
Tllyr 970421,
Tdlyr
Td/yr
Tllyr z
Td/yr
Tdiyr
Td/yr
T3/yr
Tilyr
Tityr
Tdtyr
Wiyr -
Tdlyr

Tityr © 156833.8

Tliyr 272484, 3
Tdfyr 494395.5
Tilyr 5949.6847
Tdiyr 138560.5
TIfyr 2770%6. 6
Tdlyr 273.4201

Reguced Cost
g

137248

LI~ — N~

2789050
0

0
'0.000001
5026728
0

[ — I — - — ]

"52839430
‘ 0
SH3R09T0
)

0

0
39870200
43613240

‘ 0
0
247867.3

27708

.
T o OO OO OO 0 EO O O O OO0 OO
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K/'F“\\= BASE SCENARIOD

Variable Name ' “Units Value Reduced Cost
TJF 1-DISTILLATES T/yr 45387, 77 0
LFO 1-DISTILLATES T3Hyr 0 3277083
HFO 1-H.OILLPCFLPP Tlyr (;) . 56941,97 . 0
PCFLPP 1-H.OILLPLFLPP Hiyr B 4135 % 0
6SL-INPCRTS Pafyr Ao 0 1684065
DSL-TMPORTS PItyr 0 628510.4
ASL~INPORTS CPIyr 0 1684066
TIF-INPORTS , - RMNyr, 0 4285106

© LFO-IHPORTS DRy 0 3905594
HFO-INPORTS Py 0 1370899
PLFLPP IMPORTS , PI/yr 0 1370899
GSL-EXPORTS E Pafyr 0 ~14604066
DSL-EXPORTE PIfyr 0 -550510.4
AGSL-EXPORTS - RNyr 0 -1606086

. TIF-EXPORTS PI/yr 0 -5505£0. &
LFO-EXPORTS Flfyr 0 -3827594
HFO-EXPORTS ~ PItyr 0 -1292899
PCFLPP-EXPORTS ' Pllyr 0 -1292899
ELEC-TNE Pityr , 0 3241448
ELEC-LNG Pityr 0 2404382
(G- < Ttyr 4945527 0
LNG Tdiyr 0 ¢
B5L (MOBIL)-6AS Tyr 0 9440997
BSL {INCL2}-COAL THyr 0 7396948
B5L (MOBIL)-COAL Tyr 0 0
BSL (NOBIL) -MTHL _ Tiiyr 0 745455

~ BSL-COAL (SASOL) Tiyr 0 14328670
0SL-COAL(SASOL) Tlyr 0 13273120
NTHL-6AS Tiyr . . 0 6726081
NTHL-COAL Hlyr 0 8588737
NTHL-NOOD Tyr 0 529511.8
ETHL-GAS : Tiyr 0 1011512
ETHL-COAL Talyr 0 4815512
/ETH-NO0D Hhyr (0 2314512
ETHL-CORN STy (I 0
ETHL-BARLEY. ‘ Tatyr 0 0
ETHL-RHEAT Tdiyr 0 0
LHYEN-GAS Tiyr 0 2512000
LHYGN-COAL Wiy 0 7394000
LHYGN-ELEC Nyr 0 31393500
GSL-NTHLESLELD Pilyr "o
BSL-ETHLESLBLD Pilyr + e 0 S0
NTHL-MTHLESLBLD . PI/yr 0 1034458
ETHL-ETHLESLBLD PIfyr 0 0
PROPANE-NOBIL (GAS) Talyr 0
PROPANE-NOBIL {COAL) Tinyr 0
PROPANE-NOBIL {NTHL) ' Wy - © 0

oo O o

b6AS-5BC-ELEC Pityr ' 14.97981
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BASE SCENARID

Variable Name Units ) Yalue Reduced Cost
BAS-SPE-ELEC Plfyr : 0 0
COAL-PFEI-ELEE ' © PIyr 0 . 1330818
COAL-PFEZ-ELEE P/yr - 152.5354 0
COAL-AFBEL-ELEC : Pdfyr B 0 0
HOIL-5BE-ELEC Pllyr - 0 5037866
LOIL-ETU-ELEC ~ Pliyr 0 2940870
URAN-NNDL-ELEC PI/yr 132.4514 0
URAN-EXDL-ELEC .- Pdlyr 230,83 -2570500
ELEC-BAS-SBC-SP ! Gih/yr ' 1414, 649 ' 0
ELEC-BAS-SBC-DP ‘ BWh/yr 0 2507877
ELEC-BAS-SPE-5P pih/yr 0 4234708
ELEC-GAS-5PC-DP bWh/yr v 3072786
£LEC-LOIL-CTU-5P Bih/yr 0 17313120
ELEC-LOIL-CTU-DP BWh/yr 0 0
ELEC-HOIL-SBC-5P T iy T M726120
ELEC-HDIL-5BC-DP GNh/yr 0 474000
ELEC-HOIL-SBR-LYC : . EMhiyr 0 = 0

* ELEC-HOIL-GBC-BASE bWh/yr 0 5084595
ELEC-COAL-PFLE-SP . Gih/yr 0 IB339120
ELEC-COAL-PFLE-DP Bih/yr 0 245000
ELEC-CGAL-PFCI-CYC BWh/yr 0 0
ELEC-COAL-PFC1-BASE . ~. bNhiyr ] 6120595
ELEC-COAL-PFC2-5P - : &Wh/yr 0 : JAR51120
ELEC-COAL-PFC2-DP &¥h/yr 6254.539 0
ELEC-COAL-PFC2-CYC : EWh/yr 9172.828 0
ELEC-COAL-PFC2-BASE - : e¥h/yr 6 A138595
ELEC-COAL-AFBC-SP : GiR/yr 0 87138090
ELEC-COAL-AFBC-DP . - Geh/yr 0 9405976
ELEC-COAL-AFEC-CYC . Bh/yr ’ 4 2050976
ELEC-COAL-AFBC-DASE . Gy 6 7681571
ELEE-LBTE-ELEC-5P &Wh/yr 0 123835100
ELEC-LBTE-ELEC-DP E¥h/yr ] 40463000

ELEC-LBTE-ELEC-CYC E¥h/yr 0 0
ELEC-LBTE-ELEC-DBASE EWh/yr 0 5205395
ELEC-URAN-NNDL-BASE E¥h/yr 92347.56 0
ELEC-URAN-EXDL-BASE GWh/yr . 63125 0
ELEC-NWHY {>10MW) -SP EWh/yr 0 0
ELEC-NWHY { >10MW}-0P GWh/yr 0 0

. ELEC-NKHY{>10 MW}~PEAK U.-5P-E.T.PPI/yr 0 0
ELEC-NWHY (>10 MM)-PEAK U.-OP-E.T.PPI/yr 0 0
ELEB;HHHY(}IDHH}-FEGK U.-PONER  EW 0 0
ELEC-NWHY{>10M%) -SP EWh/yr 0 332203500

", ELEC-NNHY{>$0MN) ~DP Gh/yr 0 20261400

ELEC-NWHY (310 MM)-SP G¥h/yr 0 0
ELEC-NWHY ()10 WW)-DP Gih/yr . . ¢ 0
ELEC-RNHY{>10 M¥)-CYC GWh/yr. T 4073.333 0
ELEC-N¥HY (310 MW)-BASE tWh/yr 0 0
ELEC-NWHY ()10 MW)-SP-ENEY TO PNR. Pl/yr 0 249050300

4

o



A
o

BASE SCEHARTID

Variable Hase Units : Value Reduced fost
ELEC-KWHY(}10 NW)-DP-ENEY TO PWR PJ/yr . 1\ 0 14258000
ELEC-NNHY (Y10 MM}-CY~ENGY TO PNR Pd/yr 14,6399 0
ELEC-NNHY(>10 WW}-BS-ENGY TO PWR PI/yr _ =B 3920595
ELEC-NWHY.(>10 MM}-PONER 1] 0.848459 0
ELEC-NRHY ()10 KW)-5P GWh/yr - : 0 "0
ELEC-KHHY{>10 MK}-DP BHh/yr - 0 0
ELEE-NNHY (310 MW}-CYC B¥h/yr 4073.333 -0
ELEC-NNHY{>10 WN)-BASE ENh/yr ' 0 0
ELEC-NWHY (2-10 MH}-5P Blh/yr . 0 280500200
ELEC-NHHY (2-10 MW)-DP BNh/yr 0 16348000
ELEC-NNHY{2-10 N§)-CVC G/ yr B | 6280554 0
ELEC-WWHY(2-10 MR}-BASE GNh/yr 0 3586595
ELEC-NWHY {2-10 NW}-SP-ENGY TO PWR PJ/yr - . 0 : "0
ELEC-NHHY (2-10 MW)}-DP-ENGY TO PWR PI/yr D0 0
ELEC-NNHY (2-10 NH)-CY-ENGY TO PNR PI/yr 2,261 0
ELEC-NWHY (2-10 MN)-BS-ENGY TO PWR PJ/yr ' - 0 0
ELEC-NNHY (2-10 MN)-PONER 1 I 0. 130821 0
ELEC-NNHY {2-10 WW)-5P GéhIyr _ 0 0
ELEC-NNHY (2-10 KN)-DP BMh/yr .0 0
SELEC-NNHY (2+10 MK)-CYC B¥h/yr 4280554 ~ 0
ELEC-NNHY{2-10 MW)-BASE " Glhsyr 0 0
ELEC-EX.HYORD-PEAK U.-SP ~ EHh/yr 3,063408 0
ﬂmummmwfh\ \ Sinsyr 1513,325 0
ELEC-EX.HYDRO-PEAK U.;SP-E.T.PAR’ PJ/yr 0,011028 0
ELEC~EX, HYDRO-PEAK. U, -DP-E. T.PWR  PJ/yr 5.447971 0
ELEC-EX. HYDRO-PEAK u.-gnusa EN 0,987 -18997400
ELEC-EX. HYDRD-PEAK U,-SP EMh/yr 3,063408 0
ELEC-EX,HYDRO-PEAK U,-DP BN /yr ' 1513.325 0
ELEC-EXRY-SP ENh/yr ' 0 315303100
ELEC-EXHY-DP EMh/yr 0 18824400
ELEC-EXRY-CYC ENb/yr 22501.62 - - 0
ELEC-EXHY-BASE ) E¥h/yr | 0 -~ 3212028
ELEC-EXHY-SP-ENGY 7O PONER P31yr ) 0 _ 0
ELEC-EXHY-DP-ENGY TG PONER P3tyr T 0 0
ELEC-EXHY-CYC-ENGY 10 PONER PIfyr 81.00587 0
ELEC-EXHY-BASE-ENGY TO PONER Pifyr & : ! 0
ELEC-EXHY-PONER ] 4.487 -213874800
ELEC-EXHY-SP - B¥h/yr 0 0
ELEC-EXHY-DP GRh/yr ! 0 0
ELEC-EXHY-CYC EWh/yr 2250142 : 0
ELEC-EXHY-BASE , GWh/yr ' 0 0
ELEC-NUNREFUSE-CY) ~ B¥h/yr ' 780, 0556 . 0
ELEC-RUNREFUSE-BAS N ENh/yr - o0 25262
ELECHUNBEESE-CYC-ENGY 10 POMER Pliyr | £ 2.808201 _ 0
ELECTMUNREENCE-BASE-ENGY TO PONER PI/yr - N o . 0
ELEGSHNIRIR P ONER G - 0.2« ~111490%00
: $OVC EWh/yr ' 780.0556 0

GWh/yr ‘ 0 0

J.\'E;f .



Variahle Name

ELEC-TOTALSP
ELEC-TOTALDP
ELEC-TOTALCYC
ELEC-TOTALBASE
ELEC-TATAL
ELEC-EXPORTS-TRAN,
£LEC-EXPORT
ELEC-IKPORT
ELEC- IMPORTS-TRAK,
BAS-TRANADIST
PROPANE-TRANEDIST
HETHANGL-TRANSDIST
ETHANGL-TRANKDIST
GASOLINE-TRANKBIST

_ DIESEL-TRANKDIST

AV, 6AS-TRANSDIST

JET FUEL-TRANABIST
LFB~TRANKDIST
HFO-TRANKDIST
PCFLPP-TRANKBIST
ELEC-TRANKDIST
KOOD-TRANLDIST
LHYGN-TRANLDIST
LNG-TRANDIST
ELEC-HTP-R2SH-5HLAT
BAS-FCE+HTP-R25H-SH
LOIL~FCE+HTP-R2GH-5H
ELEC-RES+HTP-R25H-SH
HF-ENERGY-NTP-R25H-SH
ENERGY-OPTS+HTP-R2SH-SH
GAS-HCBFCE-R2SH-SH
LOIL-NCBFCE-R25H-5H
ELEC-HOFCE+RES-R2SH=5H
WO0D-DPTSNDFCE-RZSH-5H
‘ENERGY-OPTS+HDFLE-R25H-5H

; glsc-nén-nzsn-suaunanc
ASR-R2SH-SHYKHRAC -
HT ENERGY-ASR-R2SH-SH
BAS-CHF-R2SH-SH
EAS-FCE-R25H-SH
LOJL-FCE-R25H-5H
ELEC-RES-R2SH-SH
ELEC-HTP-ISH-SHEAC
BAS-FEE+HTP-ISH-SH
LOIL-FCE+4TP-15H-5H
ELEC-RES+HTP-TSH-SH
HT-ENERGY- ISH-5H
ENERGY-DPTS#TP-15H-5H

BRSE

Units

Pdfyr
Pdlyr
Pdiyr
PIiyr
Pltyr
Pdiyr
PIfyr
Pliyr
Plyr
Pdlyr
P3/yr
Pd/yr
Pdryr
Pd/yr
Pl/yr
Pd/yr
Pd/yr

T PItyr
- Pdfyr

Pryr
Pdfyr
Pllyr
PI/yr
Pltyr
Td/yr
Tdyr
Tddyr
Tdyr -
Pd/yr
Pdlyr
P/yr
Pdtyr
Pdfyr
Talyr
Pd/yr
Piyr
Pityr

-Tdlyr

Tdfyr
Tilyr

Ttye

Td/yr
THyr
Tl/yr
Tdfyr
Td/yr
PI/yr
Pd/yr
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SCENARRITD

.

£

-/

(= = - - - - - RN — BN — B — N — I — I — = = - == - =]
}

Value

5. 110967
27.9643

133, 7613
963,3015
730.1379
93. 30973
- 50

0.

0
971.7353
5. 949851
0

0
138.5605
227,096
0.27342
15.38777
0

56, 96197
437.4333
674,628}

2013

Reduced Cost

[- - — - =

-610271.4
11312650

\ ‘
[~ = N B -~ R — - - - -

T
44435080
9822483

o

7157628
8581401
0

0

0

0

24954
2005253
2743020
0

0

0
16067820
3195240

9711675

3377148
0
1217628
2001401
0

0

0

)

[



Vartable Name

GAS-NCBFCE-15H-SH
LOTL-WEBFLE~TSH-EH
ELEC-WDFCE+RES-T5H-64
WO0D-WCBFCE+OPTS-ISH-5H
ENERGY-NCBFCE+DPTS-1SH-5H
6AS-FCE+ASR-IGH-EH
LDIL-FCE+ASR-ISK-5H
ELEC-RES+ASR-1SH-EH
ELEC-ASA~1SH-SHEWHEAC
ASR-]5H-SHENHEAL
HT ENERGY-ASR-1SH-5H
ENERGY-ASR+0PTS-15H-5H
BAS-C6F-15H-5K
G#43-FCE-1GH-5H
LDIL-FLE-1SH-5H
ELEC-RES-ISH-5H
ELEC-HTP-BBCBO-BHEAC
BAS~FCE+HTP-0BLEO-SH
LOIL-FCE+HTP-DBCBO-SH
ELEC~RES+HTP-DBLBO-SH
HT ENERGY-HTP-DBCBO-SH
ENERGY-OPTS+HTP-0BCBO-SH
GAS-KCBFCE-OBCBO-SH
LOIL-KCBFCE-IBCAG-SH
ELEC-WDFLE+REG-NBLAO-5H
N00D-NCBFCE-0BCBO-EH
ENERGY-NCBFCE+0PTS-0BCR0-SH
bAS-FCE+ASR-DBCBO-5H
LO1L-FEE+ASR-DBCBO-5H
ELEC-RES+ASR-0BCBO-SH
:EE-ASR-DBCEO-SHANHYAC
ASR-0BCBO-SHANHEAC '
HT ENERGY-ASR-DBCEO-SH
ENERGY-ASR+OPTS-0BCBO-SH
GAS-CGF-0BCAO-BH -
GAS-FCE-QBEBO-SH
LOIL-FCE-DBCBO-SH
ELEC-RES-CBCBO-SH
GAS-CEB-APT-SH
BAS-16B-APT-GH
LOIL-BLR-APT-SH
ELEC~BLR-APT-SH
ELEC-BSD-APT-SH

ENERGY-R25H-SH
ENERGY- ISH-5H

ENERGY-DBCO-SH
ENERGY-NNA-SH
ENERBY-0DA-SH

245

BASE SCENARID
Pl

0

Units Vatue Reduced Cost

Pd/yr (1] 0

Pyr 0 " g4954

PI/yr 0 2005253

Td/yr 0 - 518015
Pl/yr 0 ' 0

Tdfyr 0 0

Tafyr 0 b67812.5

Tdiyr 0 2364215

PIfyr 0

Pdiyr 0 0
T/yr 0 0

PItyr ~ 0. 3374492

Tiyr 0 C B02939.8.
Td/yr 94947.5 | ' 0
Td/yr 0 667612,5
Tdlyr g 2564215°
T/yr 0 0

Tdtyr 1 0 ) ¢
Tiyr 0 597562.,9

T/yr 0 3354215

Pd/yr ] 0

Pliyr 0 11034640

Pdlyr 0 _ 0

PIlyr 0 84954
Pafyr 0 2005253
Wiyr 0 0
Pa/yr 0 0
Td/yr 0 67182.48
T3yr . 0 * hb0SAE.1

Tyr 0 3438193
Pl/yr : ’ ¢ 0
Plfyr Y 0 0
Td/yr ] 4234293
Pd/yr ¢ . 0
Thyr 105476 .0
Ty 0 67182.48
Tityr 0 450544, 1

Tifyr o 3438193
THyr o v 976135.8
T hyr 38865 - 0
TJI)‘F ’ o o 0 0
Tdfyr 0 L 30324545
THiyr 0 4205845
Pltyr 16.104 48914670
Pl/yr 43,654 291371460
Pdlyr 97.0379% 12968190
Pilyr 19.147 16140920
Pltyr 11, 94499 16140920



Variable Mame

ENERGY-H-SH
ENERGY-A-SH
ENERGY-RES-SH
ENERGY-SR{NH) -R2SH
ENERGY-SR (NH) -1SH
ENERGY~SR{NH) -0BCEOH
ENERGY-SR (NH) ~HOUSES
ENERGY-ASR+BKP-H-NH
GAS-NHR+ASR-H-NH
ELEC-NHR+ASR-H-WH

' BAS-HHR-H-NH

. ELEC-WHR-H-NH
GAS-BLR-A-NH

~ ELEC-BLR-A-NH
ENERGY-H-KH
ENERGY-A-HH
ENERGY-RES-KH
ELEC-INAC-AC
ENERGY~HTP (CAC)-RZ5H
ENERGY~HTP {AC)-1SH
ENERGY-HTP (CAC)-DBCBO
ENERGY-HTP (CAC) -HOUSES
ENERGY-ASR (CAC)-R2SH
ENERGY-ASR (CAC}-ISH
ENERGY-ASR (CAC) -0BCAO
ENERGY-AGR (CAC) -HOUSES

. ELEC-CAC-AC-HDUSES
ELEC-CAC-AC (APT)

ENERGY~CAC-RES

ENERGY-RES-AC

ELEC-RES-APPALTE.

BAS-CEB-ChI-GH

BAS-16B-CLI-5H

LOIL-BLR-C&I-GH

ELEC-BLR-CAI~5H

ELEC-BSD-C4I-SH

ENERGY-NHBDGS-ChI-SH

ENERGY-0DBDES-CLI~SH

ENERGY-C&I-SH

GAS-BLR-CXT-WH

ELEC-BLR-CAI-NH

ENERGY-CLI-MH

ELEC-CEI-AC

ENERGY-CLI-AC

ELEC-CLI-EQPTLLTE

BAS-BLR-I-IH

HOIL-BLR-I-1H

COAL-BLR-I-TH
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BASE S5CEKARIQ

Units

Pl tyr
Pdfyr
Pd/yr
PIfyr
Pliyr
Pdiyr
Paryr
Pdtyr

 PIyr K

Pdfyr

_Pdfyr

Pty
Pdlyr
Pdlyr

C Py -

PIlyr
Pdfyr
Pdiyr
Plyr
Plsyr
PIIyr”
Pdlyr
Pafyr
Pl/yr
Pd/yr
Pd/yr
Pd/yr
Pifyr
Pd/yr
rafyr
PItyr
Td/yr
Td/yr
Tityr
Tdiyr

* Tdfyr

Pdryr
Pdfyr -
Pdfyr
Pllyr

Pdfyr

P3fyr
Pd/yr
Pdfyr
PIfyr
Pd/yr
Pdfyr
Pd/yr

115,3789

Value

156,794
J1.0H199
187. 888

L= — B — Y~ = I = =]

B87.10649
0

93,491 .

0

9. 68519
44,35281
114,238
5,313

0

(== - -

9
4.928777

 2.252889

2154499
37.48399

0
318645

0

0

0
194,136
50.77999

AL R

17,983
0
1438799

15.81933 |
§7.45799

160,716
0

0
716.1801

Reduced Cost

R -N-N-_-N

26073240
0
1930963
0

~ W23

0
4005215
0

0
12452790
16732380
0

0

0

0
223447
1223447
1223447
0

0

0
11482900
0
14326380
976135.8
: 0
0
3032465
05465
16140920
16140920
"0

0
4005215
11652170
0
4775481
14326380
3445534
£391562
0



Variable Naae

ENERBY-1-IH
6AS-BR-T-DH
HOIL~BR-1-DH
ELEC-HD-1-DH
COAL-BF-1-DH
ENERBY-1-DH .
ELEC~ENAEL . CHNLS-1
BAS-1-UTL
ELEC-1-UTL
LOIL-I-UTL
ENERGY-1-UTL
PROPANE-1-PPLF ~
0BPPCF~1-REF
ENERGY~1-PPCF
PROPANE-TRN-AUTO
NTHL=TRN-AUTD
ETHL-TRAN-AUTD
CNG-TAN-AUTO
LNG-TRN-AUTD
GASOLINE-TRH-AUTD
DIESEL-TRN-AUTO
HETHGSL-TRN-AUTD
ETHESL-TRN-AUTD
LHYGN-TRH-AUTO
ELEC-TRN-AUTD
ENERGY-TRN-AUTO
PROPANE~TRN-LT, TKSLVANS
MTHL-TRN-LT. TKSKVANS .
ETHL-TRN-LT. TKSKVANS
CNG-TRN-LT. TKSLVANS
LNG-TRN-LT. TKSLVANS
BASOLINE-TRN-LT. TKSLVANS
DIESEL-TRN-LT. TK5&VANS
METHESL-TRN-LT, TKSEVANS
ETHESL-TRN-LT. TKSAVANS
LHYEN-TRN-LT. TKSAVANS

- ELEC-TRN-LT. TRKSXVANS
ENERGY-TRN-L. TKSKVANS
AVEAS-TRN-ACRAFT
TIFUEL-TRN-ACRAFT
ENERGY-TRN-ACRAFT
DSL-TRE-BUS
PROPANE-TRN-BUS
CNG-TRN-BUS
LNG-TRN-BUS
NTHL-TRN-BUS

_ETHL~TRN-BUS
LHYGN-TRN-BUS

247

BASE- SCENARIOD

Units

Pd/yr
Pdtyr
Pityr
Patyr
Pdfyr
PItyr
Pd/yr
Pd/fyr
Pd/yr
Pdlyr
PI/yr

‘Pdfyr

Pdlyr
Pl/yr
Pd/yr
Pd/yr
Pdsyr
P3ryr
Piyr
Pl/fyr
PIiyr
Pdiyr
pliyr
Pl/yr
Pd/yr
Mkas/yr
Pdsyr
Pdiyr
P3yr
PI/yr
Pasyr
Pd/yr
Pd/yr
Pdiyr

Pdiyr

P tyr
Pd/yr

Nkas/yr

Pd/yr
Pilyr
Pd/yr
Pdfyr

Plyr

Pdtyr
Pd/yr
Pdiyr

CPtyr
Py

RS

Value

512948

43,5264
43.52654
5. 440506
5190481
544,083
254,404
99, 65154
§3. 12545
0
151.787
© 0
435,121
435,121
5.932001
0

0

58, 16943
0
91.48118
1134503
0

0

0
43.58651
121083.3
0

LT == B == -~}

£4,40959
0

0

0

0
10.16853
2108917
0.2726
45.2516
14,993
B. 719232
0

[— - — -

Reduced Cost

5418875
0
0
0
0
1872210
14326380
0
0
BAT54
10219910
943215.8
0
10437410
0.

L= = N~ - -

0.308t
71391.87
0

0

28738.98 .
15. 461464
15. 61464
15.41464
1541484
15,4148
0
1556064
0.3211
71391.87
0.54

0
38542, 46

0

0
35124600

0
875431.3
875431,3
875431.3
B75431.3
875431.3
714195.5



Variable Name

ENERGY-TRR-BUS
DIESEL-TRN-MRN
HOIL-TRN-NRR
ENERGY~TRN-MAN
DSL-TRN-RAIL
ELEC-TRN-RAIL
ENERGY-TRK-RAIL
DIESEL-TRN-TRUCK
~ PROPANE-TRN-TRUCK
ENG~TRN-TRUCK
LHE-TRN-TRUCK
HTHL-YRN-TRUCK
ETHL-TRN-TRUCK
EHYGK-TRN-TRUCK
ENERGY-TRN-TRUCK
ELEC-TRN-STCLSBY

MODEL NAKE:
SOLUTIEN

OBJECTIVE FURCTION VALUE

MARBINAL COST

tlode Nage

fas Supply

Propane Supply

Ceal Supply

Uranium Supply

Wood Supply

Syncrude

Refineries Dist.
bas-baseline (Mobil)
bas-Methanal
bas-ethanol
bas-Liquid Hydrogen
Coal-Bs1+Ds] (FT-5AS0L)
€oal-Gasoline (InCl2}
Coal-baspline (Mobil}
Eoal-Methanol
Coal-Ethanol
Coal-Liquid Hydrogen
Wood-Methanol
Wood-Ethanol

S

BASE

Units

Pl/yr
Pityr

Pliyr &

Pd/yr
Pd/yr
PIyr
Pl/yr
Pllye
Pdfyr
F/yr
P/yr
Pd/yr
Pdfyr
Pityr

“Pdlyr

Pl iyr

248

SCENARID
Value

2.267
7.411238
13. 26445

2,753
25.37307

0

6.597

11.26153
0

(=T — I — I B ]

18.52799
1.8l

fintario Energy Optimisation Model
High Energy Demand Scenarie

Pollars

Units
$/Pd
$/P)
$/PJ
$/P
$/pd
$/PJ
$/PJ
$/P
$/P)
3/P]
$/P)
$/P)
$/P1
$/P]
$/P1
$/P)
$/P)

. $/M

$/Pd

3. 953736000E+10

Value
4135000
5937150
2561000
1231000
1728937
2564000
5427000
8459724
b777420

0

0

k. 9875591
4755715
~15326818
b677967

0

9
0
0

Reduced Cost

13771660
0
0
81922570
0
0
437711680
0
B73431.4
875431, 6
B75431.4
B75431.4
875431, 8
116198,3
43771640
14326380
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HIGH SCENARID

Rode Naae Unjts ) Value
Lorn-Ethanol $/F] 1745150
Bariey-Ethanol $/PJ ' 3599150
Wheat-Ethanol $/PJ 2065130
Hethannl /M 4441150
Ethanel $/PJ 9564150
- CHe $/P] 9374875
LKG $/PJ 11140250
basoline . $/Pd 6273212
Diesel : $/PJ 7167151
Aviation Basoline $/P] 6273272
Turbo Jet Fuel $/P1 187151
Light Fuel Dil $/PJ 7187151
Heavy Fuel Dil $/PJ 765004
PCF+Petroleun Products $/PJ ‘ T765004
Hethanol-basoline (KOBIL) $/P 5547366
Hethanol basoline $/Pd . B704386
Ethanol basoline ’ $/P3 . 6764450
Elec / Gas-5BC _ $/P3 12168770
Elec / bas-SPC $/Py ' 11800800
Elec / LF Dil-ETY $/P3 8885782
Elec /7 HF Dil-SBC $/PJ 5798782
Elec / Coal-PFC1 $/PJ 6711782
Elec / Coal-PFC2 $/p} o 7033782
Elec / Coal-AFBC | $/PJ 7317142
Elec / Lignite- $/7d 4007782
Elec / Uran-New Darl $/P) 1231000
Eiec / Uran-Existing Darl $/P} 4201500
Elec / Wew Hydro {Large) $/P ’ ¢
Elec / Existing Hydro $/PJ 0
Elec / Mun. Refuse $/PJ 0
Seasonal Peak $/F) ‘ 67081770
Bail§ Peak ‘ $/Pd 16344780
Cycling $/P1 10132780
Base $/P] 4984000
Electricity $/P3 6797060
Electricity-Liquid Hydrogen "$/P3 22371160
Liquid Hydrogen $/Pd 0
Heat-Pusp / R2000 SH $/pd - 189305%0
Heat Pusp + Backups / R2000 SH  $/pJ 19355550
¥ood Furnace + Backups / R2000 SH ¢/P) - 19355550
Activé Solar / R2000 5H $/PJ 1343913
Heating Devices / R2000 SH $/P 19355550
Heat-Puep / ISH 2L ¢ B £2740590
Heat Pump + Backups / ISH $/PJ : 13408050
¥ood Furnace + Backups -/ ISH $/PJ 13408050
" Active Solar / ISH $/P] 1343913
Active Solar + Backups / ISH $/P . 19457450

Heating Devices / ISH $/PJ 13408050

——



HIGH

Hode Name

Heat-Pusp / OBCBOH

Heat Pusp + Backups / OBCBOH -
Wood Furnace + Backups / OBEBOH

fActive Selar / OBCEOH

r

Active Solar + Backups / OBCBOK

Heating Devices / GBCBOH
Reating Devices / fipts
Housing Types

Apartaent / Types
Residential Space Heating
Active Solar - WH / Houses

250

SCENARID

Units

$/PJ
$/Pd
$/PJ
#Py
$/PJ
$/P3
$/PJ
$18
/Pl
/P
$/PJ

Active Solar + WH Backups / Houses$/PJ

Water Heating Devices / Houses

Rater Heating Devices / Apts
Residential Water Heating
Heat Puep - fooling / Houses

fctive Solar - Cooling / Houses

Central Air-Conditioning
Residential Air-Conditioning
Heating Devices / CiI
E4I Space Heating

C4I Nater Heating

C4i Air-Condigning

Ind. Indirect Heat «
Ind. Direct Heat

Ind. Utilities

Ind, PCF + PP
Autoachiles

Aircraft

Buses ~
Marine

Rail ¢

Trucks

Basolines - fef 2
Distillates - Ref 2
H.0i14PCFEPP ~ Ref 2
Lt.Trucks ¥ Vans

‘Small Hydra

Bas TrankDist

Propane TrankDist
Methanol Trantdist
Ethanol TrankDist
basoline TrankDist
Diesel TrankDist
fiviation Gasoline TrankDist
Jet fuel TrankDist

Light Fuel Gil TrankDist
Heavy Fuel 0il1 TrankDist

$/P)
$/pd
$/PJ
$/PJ
$/pd
$IP
$/PJ -
$/P)
$/P1
$/P)
§/p1
$/P}
$/p1
$/p7
/9]
$/PJ
$/P)

" $/PJ

$/Fd
$/PJ
$/80
$/Pd

7

$/P1
$/7
$/PJ
$/PJ
$/PJ
$/PJ
$/PJ
$/P]
$/Pd
$/Pd
$/P3
$/PJ
$/PJ

Value

29970590
24059320
11143030
1343913
14959070
11143050
14231800
0

0

0
91403700
31711370

.. 11055350

9743051
10543480
- 14253530
14253530
11187640
0

. 14231800

0
9743051
4480198
5361250

373859
B917145
7949914

24678.42

29544650

34826440

65041340

38826440

36826440
§275272
7167154
5765004

3309655

y 0
6481441
9574875
9574875
9574875
8704385
9574874
9058448
9767454
6651851
8005019
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HI6H SCENARILD

Node Haae Units - Value

PCF & Petrocheaicals TrantDist. $/P) 7949914

Electrical TrankDist $/F1 13440390 '

Wood TrankDist $/PJ 1949937

Lig. Hydrogen TrankDist $/Pd 8704373

LKe TrankDist $/PJ 9574875

Redinery - 2 (High Cosplexity)  $/PJ 43801035

Refinery - 1 tLow Cosplexity) $/P1 4265658

fasolines - Ref | $/PJ 6275212

Distillates - Ref | $/P3 7167151

Heavy 0ils - Ref 1 $/PJ 3765004

Electricity Imp/Exp ) $/P] ‘ &797040

Electricity Exports - Transaission$/PJ 9403000

Bun.Ref Elec - CY $/PJ 2251000

Mun.Ref Elec - 8§ R 7/ Jh3481.8

Mun.Ref Elec - Power $/6% -79061840

Hydro Elec - )10 MW -5p $/P) 139000000

Hydro Elec - }10 W -Ip $/Pd 15340000

Hydro Elec - 10 M4 -CY $/PJ _ " 5046391 S T o
Hydro Elec - Y10 MW -BS $/PJ 3498000

Hydro Elec - >10 MW -PONER $/6M 0

Hydro Elec - 2-10 AN -SP $/0d 33540880

Hydro Elec - -2-10 N -DP $/P) 8172391

Hydro Elec - 2-10 MW -CY $/P1 ‘ 1066391

Hydro Elec - 2-10 KW -85S $/P] ' 2492000

Hydre Elec - 2-10 MM -POMER $/GH 0

Hydro Elec - EXIST, -SP $/PJ - =122953900

Hydro Elec - EXIST, -DP $/PJ -6927714

Hydro Elec - €XIST. -CY $/P) 40840 \
Hydro Elec - EXIST. -BS $/PJ -95101% ‘
Hydro Elec ~ EXIST. -PONER $/0W -173714200 !
Hydro Elec - 10 MW - Peak $/PJ 0 '
Hydro Elec - )10 MM - Peak - 5P $/P} ) 0

Hydro Elec - 210 NN - Peak - DP  $/PJ 0

Hydro Elec - 210 MW - Peak - Power$/6M ‘ 0

Hydro Elec - EXIST. - Peak $/PJ 10925340

Hydro Elec - EXIST, - Peak - 8P $/PJ 5452670

Hydro Elec - EXIST, - Peak - DP  $/P) 9462670

Hydro Elec - EXIST. - Peak ~ Power$/6W -17897280

Electricity laports $/R3 4093040 )
VARIABLES , \
Variahle name Units / Valye Reduced Cost |
6AS ONT 1000 Mt ) 3514015 0 }
6AS-KAC-BFT/EAS.OFF JARCTIC ISL. . 1000-NcH/yr 1149428 0 :
PROPANE-NEST HLts/yr 0 2256850 . |
COAL-NEST 1000 Tns/yr 20538. 05 0 i
COAL-US 1000 Tns/yr 47095, 49 0
CRUBEDIL-FOREIEN/REGIONAL INP. 1000 Brls/yr 232957.8 0
URANIUN-SASKAT S Tns/yr 3861.085 0
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HI&6H SCENARID

Variable Name Units

Value
WODD-ONT 1600 TNS ]
LIBNITE-SASKAT. 1000 Tns/yr 0
EXISTING HYDRD - PEAKING UKITS  GWh/yr 1316.388
NEW HYDRD { >10 MW )} - PEAKING UNIGWh/yr 0
EXISTING HYDRO - ALL CATEG. BWhfyr 22301, 62
NEW HYDRO { >$OMN ) - ALL CATER. ENh/yr 0
SMALL HYDRD {2-10 WN} - ALL CATEG.GNh/yr 0
CORN-ONT-ETHL 1000 TNS 0
BRRLEY-DNT-ETHL 1000 NS 0
WHERT-ONT-ETHL 1000 TRS 0
NUNREFUSE-ELEC ~ 6Wh/yr 780.0554
COAL~SYNCRUDE Pifyr 0
GAS-GSL (KDBIL) Pdiyr 0
COAL-BSLIINCLZ) Pl/yr 0
COAL~BSL{NOPIL} PI/yr 0
COAL-BSLDSL {5ASOL) Pl/yr 0
ELEC-BAS-65L (MOBIL) Pltyr 0
ELEC-COAL-8SL (NOBIL) Pl/yr 0
BAS-NTHL Pi/yr 0
(At -NTHL Pltyr 0
NODB-NTHL Pllyr ¢
ELEC-BAS-NTHL Pl /yr 0
NTHL-GSL (MOBIL) Pltyr 0
ELEC-MTHL-GSL (MDBIL) Pl/yr 0
GAS-ETHL Pi/yr 0
COAL-ETHL _ PIlyr )
WOOD-ETHL Pllyr ]
COAL-CORN-ETHL ’ Pityr 0
COAL-BARLEY-ETHL . PI/yr 0
COAL-WHEAT-ETHL Pd/yr 0
ELEC-BAS-ETHL : Pl/yr 0
BAS-COAL-ETHL Pdlyr 0
ELEC-COAL-ETHL Pl/yr 0
ELEC-WDOD-ETHL ‘ P3/yr 0
COAL-LHYRN - Pifyr 0
GAS-LHYEN Pifyr 0
ELEC-LYYEN Plfyr 0
ELEC-COAL-LHYEN . PIiyr 0
ELEC-BAS-LHYEN ‘ Plfyr 0
"SYNCRUDE-REF TI/yr 0
CRUDE-REF | {LOY CDMPLEX.) Tiyr 1337099
CRUDE-REF 2 (HIGH COMPLEX.) ;;ﬁlr 8394331 .
REF 2-bASOLINES —Tdfyr 33501, 32
REF 2-DISTILLATES Tifyr 34206.78
REF 2-H.DILLPCFLPP Tdtyr 10798,33
REF 2-PROPANE Tityr 1659.434
6SL 2-6ASOLINES Tdfyr 33501, 32

DSt Z-DISTILLATES Tliyr 34206.78

Reduced Cost

12270863
1971432
~16923340
0

0

0

0
97197148
8317322
11053050
0
1153877
0

0
3037511
0

(= — B — I —

1728937
0
0
+000002
4107823

=

[ — IR — A — R~

§7762840
0
$08740%9
0
0
0
32647020
35323710
)

)

A== = I = N — P~ B — )

o



Variable Nime

ABSL 2-GASOLINES
T4F 2-DISTILLATES
- LFD 2-DISTILLATES
HFO 2-H,OILAPCFLPP
PEFYPP 2-. DILKPCFLPP
REF 1-GASOLINES
REF 1-DISTILLATES
REF 1-H.OILAPCFLPP
REF 1-PROPANE

G5L 1-GASOLINES
DSL 1-DISTILLATES
AGSL 1-GASOLINES
TF 1-DISTILLATES
LFO_ 1-DISTILLATES
HFO' 1-H. OILLPCFAPP
PCFPP 1-H, DILKPCFLPP
65L-INPORTS
DSL-INPORTS
AGSL-THPORTS
YIF-INPORTS
LFO-INPORTS
HFO-INPORTS
PCFYPP INPORTS
65L-EXPORTS
BSL-EXPORTS
AGSL-EXPIATS
TIF-EXPORTS
LFO-EXPORTS
HFO-EXPORTS
PEFKPP-EXPORTS
ELEC-CNB

ELEC-LNG

NG

LG
- G5L INOBIL)-AS

BSL (INCL2)-COAL
5L (NOBIL) ~€0AL
6SL INDBIL) -HTHL
65L-COAL SASOL)
DSL-COALISASAL)
NTHL-GAS

NYHL-COAL
NTHL-NG0D
ETHL-6AS

ETHL-COAL
ETHL-N00D
ETHL-CORN
ETHL-BARLEY

253

HIGH SCENARID
Units

Td/yr
Td/fyr
Td/yr
Tliyr
Tdlyr
Tdyr
Td/yr
Ti/yr
Td/fyr
Tyr
Td/yr
Tdlyr
Tdtyr
Tdtyr
Tdiyr
Tiyr
Plfyr
Pilyr
Pltyr
Pdtyr
P3/yr
Pllyr
Pd/yr
Pdtyr
Pd/yr
Pdiyr

- Pliyr

Pd/yr

Pltyr

Pdfyr

Plfyr

Pltyr

Tiiyr

Tilyr

Tifyr

Tdtyr

Tityr .
Tityr \
Tddyr '
Tiyr

Tllyr

Tityr

Tdfyr

iy

Tiyr

Taiyr

Tdyr

Tdfyr

Valye

o oo

10798.33
0
2311
373843.8
674928
8198.027
21991.3
312376,9
3799216
63064.%3
9
48236, 75
606891.1

OO 000 0000w Oo0R 0000000000 0000000

Reduced Cost

OO0 OO0 COC OO0 OO0 OO0 OO

1401728
309848.6
1401728
509848, 6
509848.56
191199
1911996
-1338728
-446848, 6
-1338728
-446848.6
-346818.56
-1848995
-1B4B%94
4146567
2917395
231513

9
8226292
Thb2442
0
114024.3
12702320
11810440
6269270
8182816
2329850
2011850
Bb15850
£114850
0

0



P

e
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HIEH SCENARID

Variahle Name Units

Value Reduced Cost
1

ETHL-WHEAT Wiy 0 0
LHYEN-BAS Tl/yr 0 2512000
LHYGN-COAL . Td/yr 0 7394000
LHYGN-ELEC Yi/yr 0 29919140
65L-NTHLESLBLD . " Pllyr 0 0
GSL-ETHLGSLBLD : Pdfyr 0 0
NTHL-HTHLGSLBLY Pdfyr ] 8704893
ETHL-ETHLESLBLD Plfyr ¢ 0
PROPANE-NOBIL (BAS) T yr 0 0
PROPAKE-NDBIL (COAL) Tdiyr 0 0
PROPARE-NOBIL (NTHL} T/ yr 0 ]
BAS~SBC-ELEC Pd/yr . 18,54983 0
BAS-5SPC-ELEC Pl/yr 0 0
CCAL-PFCI-ELEE Pd/yr 0 110773.1
COAL-PFC2-ELEC Pd/yr J04.5097 -0
COAL-AFBC-ELEC Pl/yr ' - o 0
HOIL-SBC-ELEC Pi/yr i 0 3389509
LOIL~-CTU-ELEC Plfyr ¢ 5003443
URAN-NNDL-ELEC PJIyr 444, 2307 0
URAN-EXDL-ELEC Rdfyr 230.83 -2970500
ELEC-BAS-5BC-5P . BRh/yr 1753.819 0
ELEC-BAS-SBC-DP - EWh/yr .0 1114983
ELEC-BAS-SPC-SP GWh/yr 0 4349034
ELEC-BAS-SPC-DP - BRh/yr 0 1404018
ELEC-LDIL-CTU-GP . GHh/yr 0 19104010
ELEC-LDIL-CTU-DP GWh/yr 0 0
- ELEC~HDIL-SBC-SP bih/yr 0 . 43517020
ELEC-HOTL~5BC-DP bih/yr 0 474000
ELEC-HBIL-SBC-CYC . bWh/yr 0 0
ELEC-HOIL-GRC-BASE ' Gih/yr 0 4098782
ELEC-COAL-PFL1-SP BWh/yr 0 40130010
ELEC-COAL-PFCI-DP GWh/yr 0 246000
ELEC-COAL-PFCE-CYL GWh/yr 0 0
ELEC-COAL-PFCI-BASE B /yr 0 4134782
ELEC-COAL-PFC2-5P G /yr ' ) -0 " 35442010
ELEC-E£0AL~PFC2-DP” Bih/yr 9099.33% 0
ELEC-COAL-PFC2-CYC EWh/yr 22498,42 . 0
ELEC-COAL~PFC2-BASE BWh/yr . 0 4172782
ELEC-COAL-AFBC-SP Bkh/yr : ¢ 88835370
ELEC-COAL-AFBC-DP GWhtyr 0 5312360
ELEC-EDAL-AFBC-CYE " BRh/yr — 0 1957340
ELEC-COAL-AFBC-BASE : -~ bih/yr 0 " 5402142
ELEC-{ &TE-ELEC-5P EWh/yr 0 127626000
ELEC-LBTE-ELEC-DP EWh/yr 0 6063000
ELEC-LBTE~ELEC-CYC GWh/yr ¢ 0
ELEC-LETE-ELEC-BASE - ENh/yr 0 © 3219782
ELEC-URAN-NWDL-BASE : Bith/yr 129508.5 0

ELEC-URAN-EXDL-BASE Gih/yr 64125 - ‘ 0



Variable Hame

ELEC-NWHY (>10MN) -5P
ELEC-HWHY [ >10NM)-DP

HIGH

Units
\_/‘

GWh/yr
Blih/yr

ELEC-NWHY ()10 KW)-PEAK U.-5P-E,T,PPJ/yr
ELEC-KNHY (310 Mi)-PEAK UL -DP-E.T.PPJ/yr

ELEC-NNHY {>10MN)-PERK LI, -PONER

ELEC-NWHY ( >10MR)-5P
ELEC-NWHY{>10KH) -DP
ELEC-NNHY(X10 MW)-5P
ELEC-NWHY{}10 NW)-DP
ELEC-NNHY{>10 MW}-CYC
ELEC-NWHY (310 WW)-BASE

ELEC-RWHY (310 KW)-5P-ENGY TG PWR
ELEC-NWHY {10 MW)-DP-ENGY TO PWR
ELEC-NRHY(>10 N¥)-CY-ENGY TO PR
ELEC-NNHY (10 #W)-BS-ENGY TO PHR

ELEC-KHHY{>10 W)-POKER
ELEC-NHHY(>10 Hw)-SP
ELEC-NWHY (310 MM}-DP
ELEC-NWHY(>10 KW)-CYE
ELEC-NWHY (10 MN)-BASE
ELEC-NNHY (2-10 MW)-5P
ELEC-NWHY (2-10 MW)-DP
ELEC-NWHY{2-10 MW}-CYC
ELEC-HWHY{2-10 MN)-BASE

7]
BRh/yr
EWh/yr
Ghh/yr
GRh/yr
BRh/yr
GWh/yr
Pdfyr
PI/yr
PItyr
Pd/yr
]
BRh/yr
GRh/yr

Gih/yr -

GWh/yr
EWh/yr
bWh/yr
GWh/yr
GWh/yr

ELEC-HNHY(2-10 WN)-S-ENGY TO PHR P1/yr
ELEGNNHY(2-10 MN)-DP~ENGY TO PNR PI/yr
ELEC-NWHY{2-10 MN)-CY-ENEY T0 PR PI/yr
ELEC-NNHY (2~10 MN)-BS-ENGY TO PR PJ/yr

ELEC-NNHY (2-10 WW)-PONER
ELEC-NWHY(2-10 M) -5P
(ELEC-NNHY (2-10 ¥W)-DP
ELEC-RWHY(2-10 MW)-CYC
ELEC-NHY (2-10 XN} -BASE
ELEC-EX. HYDRO-PEAK U, -5P
ELEC-EX. HYDRO-PEAK U,-DP

ELEC-EX.HYDRO-PEAK U.-SP-E.T.PWR
ELEC-EX. HYDRO-PEAK U, -DP-E.T.PNR

ELEC-EX, HYDRO-PEAK U, ~PUHER
ELEC-EX. HYDRO-PEAK U, -5P
ELEC-EX, HYDRO-PEAK U, -DP
ELEC-EXHY-SP

ELEC-EXHY=DP

ELEC-EXNY-CYC
ELEC-EXHY-BASE
ELEC-EXNY-SP-ENGY TO PONER
ELEC-BXHY-DP-ENGY TO PONER
ELEC-EXHY-CYC-ENGY-TO PONER
ELEC-EXHY-BASE-ENGY TO PONER

1]
Gih/yr
6Wh/yr
GRh/yr
Geh/yr
GRh/yr
bWh/yr
Plyr
Pdfyr
1

ENh/yr

bith/yr
Gkh/yr

ERh/yr

Glh/yr
ENh/yr
Pdfyr
PIlyr
Pilyr
PXyr

255

SCENARID

—
Value Reduced Cast
0 0
0 0
0 0
0 0
0 , 0
0 336318200
) 22585210
0 0"
0 0
0 771217462
0 0
0 250918400
0 14335220
0 ‘ 0
0 2012000
0 0
0 0
-4 ]
0 0
0 0%
0 283418300
0 17475210
0 1127218
0 2728000
0 0
0 0
0 0
0 .0
0 0
0 0
0 0
0 - 0
0 0
3.063408 0
1513.325 0
0.011028 0
5. 447971 - 0
0,967 -17897280
3.043408 0
1513.325 0
| 247054800
’ 0 13946130
22501, 42 0
0 / 1957980
el 0
0 & 0
B1.00587 % 0
0 - 0



ELEC-ASR-R25H-SHLWHEAC

- 256

RIGH SCENARID

Variable Name Units
ELEC-EXHY-PONER N
ELEC-EXHY-SP ERh/yr
ELEC-EXHY-DP ENh/yr -
ELEC-EXHY-CYC ENh/yr
ELEC-EXHY-BASE BNh/yr
ELEC-NUNREFUSE-LYC B¥h/yr
ELEC-NUNREFUSE-BASE EWh/yr -
ELEC-MUNREFUSE-CYE-ENGY TD PEWER PJ/yr L e
ELEC-MUNREFUSE-BASE-ENGY T0 PONER PJ/yr.
ELEC-MUNREFUSE-POMER ' BN w
ELEC-MUNREFUSE-CYE BNR/yr
ELEC-MUNBEFUSE-BASE BNh/yr
ELEC-TATALSP Pilyr
ELEC-TOTALDP PItyr
ELEC-TOTALCYE . Pdtyr
ELEC-TOTALBASE PIfyr
ELEC-TOTAL PItyr
ELEC-EXPORTS-TRAN. PaIyr
ELEC-EXPORT P3fyr
ELEC~IMPORT o Panyr
ELEC-IMPORTS-TRAN. S Pliyr
BAS-TRANEDIST PIIyr
PROPANE-TRANLDIST PI/yr
NETHANGL-TRANADIST PI/yr .
ETHANOL-TRANLDIST PI/yr
GASOLINE-TRANKDIST Patyr !
DIESEL~TRANKDIST PIlyr
AV, GAS-TRANKDIST Pafyr
JET FUEL-TRANSDIST PI/yr
LFO-TRAKYDIST PI/yr
HFO-TRANYDIST PIlyr
PLELPP-TRAKKDIST PIIyr
ELEC-TRANLDIST Pltyr
NOOD-TRAKKDIST Pliyr
LHYGN-TRANADIST PIfyr
LNG-TRANSDIST PIfyr

. ELEC-HTP-R2SH-SHEAC Tifyr
BAS-FCE+HTP-R25H-5H Tyr
LOK-FCE+HTP-R2SH-SH Tiiyr
ELEC-RESHTP-R2SH-SH Taiyr

" HT-ENERGY-HTP-R2SH-SH PIfyr
ENERGY-OPTS#HTP-R25H-SH Pityr
BAS-NCBFLE-R2SH-SH PIfyr
LOIL-HCBFEE-R25H-5H PIyr
ELEC-WDFCE+RES-R2SH-SH PItyr
KODD-OPTS+NDFEE-R2SH-SH Tnyr
ENERGY-OPTS+NDFCE-R25H-SH Pityr

PIlyr

Valq;’

4,587
0

0
22501.42
0
780.0554
0
2.808201
' 0
SN2
780, 0556
0
6.324778
34, 60559
165,5283
£97,0805
903,5393
0

.0

0

0
1217,433
9. 857462
0

0

255, 4925

. 346.5837

0.379922
3. 06695
0

©19,03512

606,6911
903.5393
S0

RN - - - - E-N-E-N- -]

Reduced Cost

~173714200

0
0

0
0
0

"991634.5

0

: 0
~79041B40

oooooog

819948
0
875940

L]

(=N — N B — B~ = Y Y — ]

46271740
6139100
0
6338963
7813903
0

0

0

"0

" 180409.8

3469147
2801003
0
0

4
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e
H16H SCENARIO \
4 Variable Name Units Value Reduced Cost _
ASR-R2SH-SHLNHLAC Pliyr 0 0
HT ENERGY-ASR-R2SH-SH Tityr 0 17888360
BAB-CEF-R25H-SH To/yr 0 3424334
BAS-FCE-R25H-SH Tliyr 16198.74 0 ®
LOIL-FCE-R25H-5H Tiyr 0 971187.6 4
ELEC-RES-R25H-5H Tatyr 0 1361084 :
ELEC-HTP-1SH-SHAAC Tityr 0 0
GAS-FCE+HTP-I5H-8H Tityr 0 398965
LOIL-FCE+HTP-15H-5H Tatyr 0 233905 .
ELEC-REG+HTP-15H-5H Tlyr ® 0 fﬁ* 0
HT-ENERGY-ISH-5H Py, 0 0 N
ENERGY-OPTS+HTP-15H-~5H PItyr 0 0 .4
BAS-NCBFCE-ISH-SH - Plnyr 0 0
LOIL-WEBFEE-1SH-5H Pllyr 0 3§Eh§, 180409.8
ELEC-WDFCE+RES-1SH-5H PIfyr o 0 ' 3469
K00D-KCBFLE+OPTS-ISK-5H - Tilyr & 0 574001, 5
ENERGY-WCBFCE+OPTS-ISH-SH PIfyr t 0
BAS-FCE+ASR-I5H-SH Tityr 0- 0
LOIL-FLE+ASR-1SH-SH THyr - 0 47812, 5
ELEC-RES+ASR~ISH-5H C Ty 0 3587544
ELEC-ASR-~I5H-GHUNHLAC Patyr : 0 0
ASR- ISH-SHURHEAC PIiyr 0 0
KT ENERGY-ASR-ISH-GH - Tatyr ) 0 - 0 .
ENERGY-ASR+DPTS-15H-SH © Py 0 5249395 T :
BAS-CRF-15H-5H - Tatyr 0 1032034 £/4f/
6AS-FCE-15H-5H Ty " B13B2.5 : 0 .
LBIL-FLE-ISH~8K Tfyr R P £67812.5
ELEC-RES-ISH~5H Tityr '] 3587544
ELEC-HTP-OBCBO-SHEAL : Tnyr - 0 0
6AS-FCE+HTP-0BLRO-SH e 0 0
LOIL-FCE+HTP-OBCBO-SH Taiyr 0 597562.5 ~
ELEC-RES+HTP-0BEBO-SH Tiyr 0 4377544
HT ENERGY-HTP-DBCB0-SH Pafyr 0 0
ENERGY-DPTSHTP-0BEBO-SH **  Pdiyr 0 12956270
EAS-NCBFCE-DBCBO-SH Piiyr . 0 0
: LD2L-NCBFCE~0BLBO-5H - Pliyr 0 180409.8
=~v,/’“\SLEC-HDFCE#RES-UBBBO-SH PIyr 0 3469147
0D-NCBFCE-OBCBO-SH Tyr -0 0
ENERGY-NCBFCE+0PTS-DBCBO-SH Prye 0 0 .
, GAS-FCE+ASR-0BCBO-GH THyr 0 0
LOIL-FCE+ASR-DBCBO~SH U Tiye 0 597562.5
ELEC-RES+ASR-0BLAO-SH Hilyr 0 4377384
ELEC-ASR~OBCAO0-SHANHEAL Pifyr . o 0 0
ASR~0BCBO-SHANHEAC Ry e 0 0,
RT ENERBY-ASR-DBL80-SH Tfyr e 0 0
ENERGY~ASR+UPTS-0BCBO-5H PIfyr . %t 0 31826014
BAS-CEF-0BLBO-SH ' Tityr . 0 151833.8
GAS-FCE-OBLBO-SH T 130866.1 0 o
/
.



i

o

Variable Name

[N

LOIL-FCE-0BCA0-SH
ELEC-RES-0BEB0~GH

" 6AS-CEB-APT~GH
6AS-16B-APT~SH
LOIL-BLR-APT-SH
ELEC-BLR-APT-SH
ELEC-BSD-APT~SH
ENERGY-R2SH-SW ___
ENERGY-ISH-SH |
ENERGY-0BCBO-5H
ENERGY-NNA-GH
ENERGY-DDA-SH
ENEREGY-H-SH -
ENERGY-A-SH
ENERGY-RES-SH
ENERGY-SR (WH)~R2SH .
ENERGY-SR (NH) - ISH
ENERGY-SR(WH) ~CBLBOH
ENEREY-SR(NH}-HOUSES
ENERGY-ASR+BKP-H-KH
6AS-BHR+ASR-H-HH
£LEC-KHRHASR-H-WH
6AS-NHR-H-NH
ELEC-WHR-H-WH
645-BLR-A-HH
ELEC-BLR-A-NH

.. ENERGY-H-HH-.

ENERGY-A-NH
ENERGY-RES-WH
ELEC-INAC-AC
ENERGY-HTP{CAC)-R2SH
ENERGY-HTP{CAC}-ISH
ENERGY-HTP (CAC)-OBCBO
ENERGY-HTP (CAC)-HOUSES
ENERGY-ASR (CAC) -R2SH
ENERGY-ASR(CAC)-ISH
ENERGY-ASR(CAC)-0BCBO
"ENERGY-ASR(CAC) -HOUSES
_ELEC-CAC-AC-HOUSES

. ELEC-CAC-AC (APT) @3

ENERGY-CAC-RES

 ENERGY-RES-AC

ELEC-RES-APPLLTE
6AS-CeB-LLI-SH
BAS~1BB-CYI-SH
LOIL-BLR-CKI-SH
ELEC-BLR-CYT-5H
ELEC-BSD-CEI-SH

RIGH

Units

Td/yr
Tdtyr
Ta/yr
Tihyr
Tdiyr
Tiyr
Tdyr
ﬁalyr
Pd/yr
Pllyr
Pd/yr
Pllyr
Pd/yr
Pd/yr
Pdtyr
Fdlyr

“Pifyr

Pilyr
Fd/yr
Pdfyr
P.]J'yrV
Pd/yr
Pd/yr
Fdiyr
Pi/yr
Pd/yr
Bl/yr
Pdiyr
Pdiyr
Pdtyr
Pd/yr
Pdfyr
Pd/yr
Pd/yr
Pd/yr
Pdfyr
Pliyr
Pilyr
Pdfyr

Bifyr &

Pd/yr
Pdfyr
Pd/yr
Tdfyr
Tdiyr
T/yr

Jhyr
Tdlyr

258 .

SCENARID

Value

<

Qo O

34712

12.93899
85,106

- 104.4529

&

22,832
11.94499
182.7579
38.774699

217,533
0

L= T e i I ]

-

98.7758
0
83,1517
0
79.02004
30.92137
129.542
6.777
S0

L= 20— — I~ S — B —1

¢ -

6. 287451
2.874015
27,485
47.81599
130,835
0
459143.5
0

0

0

Redéced Cost

3973625
4377544
Hov 8 -

0
0
405571
S42874

47005550

27228040
11143050~
14231800
14231800

0

4
0
0
0

-0
26433020
0
2954294
0
3716044
0
3028584
0
o
10343680
15846590
0
0
0

Jﬂ”;§73
§3no087

C.AT1087
4371087

0

0

0

11187640

s 0
W%‘issqosqo
¢ 1109774
0

0

+f 4055794
5428794
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HIBH SCENARIO
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Yariable Nase Units Value Reduced Cost
ENERGY-NKBDBS-CI-SH Pl/yr 306.5349 14231800
ENERGY-DDBDES-C4I-SH Palyr £0.77999 14231800
ENERGY-CLI-SH Patyr 37,3149 0
6A5-BLR-CAI-WH Pilyr 24,5725 0
ELEC-BLR-C&1-WH PItyr 0 5028544
ENEREY-CLI-WH - PIiyr 19.97799 . 9743051
ELEC-CRI-AC P, 22,79432 - 0
EHERGY-CEI-AC PI/yr 48,38299 4480198
ELEC-CLI-EQPTALTE PIIyr 139.8489 13440590
6AS-BLR-1-IH Plyr 0 2764341
HOIL-BLR-1-1H PIiyr 0 4717281
COAL-BLR-I-IH Piiyr 9932924 0
ENERGY-1-TH Blfyr. 794,634 5361250
BAS-BR~1-DH PIfyr £0,35848 0
HOIL~BR-1-DH PIsyr 50.36848 0
ELEC-HD-1-DH Paiyr 7.5456% 0
COAL~BF-1-DH Pa/yr 719.9118 0
ENERGY-I-DH Pllyr 754.6059 3736569
ELEC-EMLEL. CHALS-T PItyr 352.841 13440590
BAS-I-UTL PIiyr 136.8372 0
ELEC-1-uTL” PItyr 73. 68165 0
LOIL-1-UTL Patyr - 0, 180409.8
ENERBY-1-UTL Pdtyr 210.5189 8917145
PROPANE-1-PPEF / Pllyr 0 1604961
OBPPCF-1-REF PItyr £04.871 0
ENERY~I-PRCF PIfyr 404.871 7959914
PROPANE-TRN-AUTD Patyr 9.82789 0
NTHL-TRK-AUTO PI/yr 0 0

Y ETHL-TRN-ALTO Pifyr 0 0
CNG-TRN-AUTO Palyr 0 0
LNG-TRN-AUTD ¥ PItyr 0 0
BASCLINE-TRN-AUTO PIlyr 185.2303 ° s
DIESEL-TRN-AUTD PIfyr 188, 5805 S 0
HETHESL~TRN-AUTO PIlyr 0 70,3081
ETHGSL-TRN-AUTD, Py - 0 o o9
LHYGN-TRN-AUTO PI/yr 0 0
ELEC-TRN-AUTD : Pifyr = 40,5625 0
ENERY-TRH-AUTO *«</”7‘f—k\‘\\ﬁ Mkns/yr 168242.4 = 24678, 42
PROPANE-TRN-LT. TKSLVANS PIfyr 0 13. 14564 .
NTHL-TRN-LT. TKSLVANS PIlyr 0 13. 14564
ETHL-TRN-LT, TKSLYANS Ptyr \\\\R\\o 13. 14564
CNG-TRN-LT. TKSLVANS Pifyr 0 13. 14564
LNG-TRN-LT, TKSLVANS P yr 0 13, 14564
GASOLINE-TRN-LT, TKSSVANS PItyr BY. 49556 0
DIESEL-TRN-LT. TKSKVANS PItyr 0 13.09145
WETHESL-TRK-LY. TKSRYANS PaIyr 0 0.3211
ETHBSL-TRN=LT, TKSLVANS Pllyr 0 £0054.21
LHYGN-TRN-LT. TKSLYANS 0

PJ/yy/f'h‘*

CT— S
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HIGH SCENARID

Variable Name Units ; Value Reduced Coslm
ELEC-TRN-LT, TRKSLVANS Plfyr - 14.12893 0
ENERGY-TRN-LT. TKS&VANS Wkas/yr 29275, 14 33095, 55
AVEAS-TRN-ACRAFT PIlyr | 0.378782 0
TIFUEL-TRK-ACRAFT Pllyr 62.87776 0
ENERGY-TRN-ACRAFT . PI/yr ' 20.83299 29644450
B5L-TRN-BUS Pafyr 12.11538 0
PROPANE-TRN-BUS Pl/yr 0 736927.3
ENG-TRN-BUS PIfyr (" 0 136527.3
LNG-TRN-BUS PI/yr 0 736527.3
NTHL-TRH-BUS . Pa/yr \ o 736521,3
ETHL-TRN-BUS PItyr 4 0l 738521.3
LHYGN-TRN-BUS /- PIyr 0 $02555.4
ENERGY-TRN-B ’ PItyr 3.15 36826440
DIESEL-TRN-HRN PItyr - 10,5499 - 0
-ROIL-TRK-MRN PIiyr 18.42953 0
NERGY-TRN-NRN Pdtyr 3.025 65041340
DSL-TRN-RAIL PIyr 35.25384 0
ELEC-TRK-RAIL PJfyr 0 0
ENERGY-TRN-RAIL PIiyr 91685 368268440
DIESEL-TRN-TRUCK PIyr . 9%.01922 0
PROPANE-TRK-TRUCK PItyr fj 0 736527.6
LNE-TRN-TRUCK . Py 0 738527.6
LNG~TRN-TRUCK . PI/yr 0 738521.6
HTHL-TRR-TRUCK . , PIyr 0 736527.6
ETHL-TRN-TRULK © Rliyr 0 7365274
LHYEN-TRN-TRUCK PIiyr 0 502558.6

ENERGY~TRN-TRUEK Piyr 25.74893 34826440 -
ELEC-TRN-STCLSBY Pityr 2.237 13440590
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