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Summary and Recommendations

This report presents work completed by the Forecasting Group of the

Data & Analysis Division of the Minnesota Energy Agency (MEA), as required

by work agreement M643l, July 1977, executed between the MEA and the Minnesota

State Planning Agency (SPA)~

The specific objectives of the project were:

(1) to develop a set of energy and fuel use coefficients
I ~

for major users and industries in the copper-nickel

area for a base year, 1974.

(2) to develop a fuel substitution model for large in-

dustries in the area, and

(3) to provide additional data or technical personnel

as requested by the Regional Copper-Nickel Study

Staff of the Minnesota Environmental Quality

Council (MEQC).

The overall purpose of the project was to provide the }ffiQC with base-year

fuel consumption data which could be used to forecast future fuel demands in the

Copper-Nickel Study Area. Consumption estimates were combined with industry gross

output'estimates from SIMLAB, the. University of Minnesota's economic model of the

area, to produce energy and fuel use coefficients. These fuel use coefficients

and fuel substitution relationships could then be used by }ffiQC to tie SIMLAB pro-

jections of ~ndustry outputs to future fuel demands.

i



The Copper-Nickel Study Area was defined as Minne~ota Economic Development

Region 3, plus Douglas County, Wisconsin. A 62-sector grouping for industries

was specified to MEA by the Regional Copper-Nickel Study Staff, to coincide with

SINLAB-defined sectors. Early in the project, the benchmark year was changed

from 1974 to 1976. Thus, fuel consumption estimates were made for 1976 using all

data sources available to MEA. Results of direct inquiries to industries and

energy suppliers, and of a fuel use survey conceived gnd carried out jointly by

MEQC, MEA, and the University. of Minnesota, were used to supplement consumption .-

estimates compiled on the MEA data base.

:/
A fuel substitution model was built to translate forecasts of industry gross

outputs into demands for various fuels, considering such factors as differential

energy intensities among industries, changes in relative fuel prices, varying use-

efficiencies among fuels, and process rigidities in existing industries. This

model was/written by }IEA as a computer subroutine for SDILAB.

In accordance with objective 3 of the agreement, residential, gasoline, and

el~ctric energy demand models were built by }mA. A structural approach was used

because energy intensities are hardly applicable for these end uses and fuel types.

In addition, fuel sources and long-term energy supply outlook for Minnesota and

Region 3 were examined, and are discussed in this report. Natural gas appears to

be the most constraining fuel, both for the state and for Region 3. Shifts to

coal are already proceeding in taconite processing, electric power generation,

and other large industries. The possibility for alternate energy sources and

processes such as coal gasification and peat gasification are also e~~lored for

the study.area.
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Recommendations

Aside from the shift in base period from 1974 to 1976, a significant change

affecting the application of MEA fuel use controls and forecasting methods was a

redefinition of the specified 62 sectors into the 53 sectors of SI}~AB late in

the project. The fuel substitution model has been estimated using survey data

on 62 industry sectors. Transformation into 53 sector-s was attempted and a com­

puter subroutine of the model was incorporated into SIMLAB. However, lack of time

and manpower allowed only rough transformations of the fuel consumption data and

fuel substitution parameters from 62 sectors into 53 sectors. It is recommended

that survev data be reaggregated to the 53 sectors and regressions performed in

order to derive new parameters for the fuel substitution model.

Energy intensities (Btu per dollar output) used by the fuel substi~utionmodel

may be understated because fuel consumption of industries in Douglas County,

Wisconsin cannot be disaggregated with the status of present data. SIMLAB gross

outputs include production by industries in Douglas County. Energy intensities

should be recomputed by dividing consumption for Region III shown in this report

by gross output of industries in Region III only. Alternatively, employment data

for Douglas County, Wisconsin should be disaggregated to 53 sectors and used to

estimate industry fuel consumption. The sum of Region III and Douglas County fuel

use could be divided by SIMLAB output to derive industry energy intensities for

the Copper Nickel Area.

Residential, gasoline and electric energy demand models were built for the

Copper Nickel Area psing all data available to MEA. It will require considerable

prog+amming work to incorporate these forecasting procedures into SIMLAB. Pre­

dictor 'variab1es such as number of household and personal income are not directly

iii



forecasted by SIMLAB. Hence, it is recommended that the University of Minnesota

revise SIMLAB to forecast these variables and write computer subroutines into

SIMLAB using the residential, gasoline and electric energy demand equations

given in this report.

As part of its regional forecasting responsibility, MEA will continue to

collect and verify energy, economic and demographic d~ta for Region III. Fore­

casting models built thus far will be consolidated into a regional fuel demand

model. To establish reliable fuel control totals at the regional level, indus­

tries other than food processing and energy utilities. will be grouped according

to a 2-digit Standard Industrial Classification (SIC) code. Food processing

industries will be specified at the 3~digit level while energy industries will

be linkec with consumer demands for end-use energy. It is recommended that MEA

verify the 1976 results and demographic-economic forecasts of SIMLAB, relative to

actual 1976 conditions and forecasts from other sources. This will provide for

more rational assumptions regarding the behavior of predictor variables of energy

demand in the area.

iv
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1.0 Introduction

1.1 Background for the Study

Socioeconomic impact assessment of copper nickel development in Northeast

Minnesota is organized around a computer simulation model built at the University

of Minnesota. SIMLAB II, the demographic-economic model of the study area,

forecasts the level of economic activity and population based on a set of assumptions

about the competitive position of local industries, linkages among sectors of

the economy, and extent of future copper nickel development. In order to predict

impacts on fuel demands, this model requires a" set of base year consumption

patte~7' energy use intensi~ti~~:\and fuel substitution possibilities.

The Minnesota Energy Agency (MEA) executed an agreement With the }linnesota

State Planning Agency (SPA) for specific work in energy (Atta~hment 1). This

effort was intended to provide SI}~ with data inputs and submodels for

forecasting ~emands for various fuels in the area. Discussions on forecasting
,/

methods, levels of detail, and incorporation of the fuel substitution ~odel into

SIMLAB were held among the }~. forecasting group, the Socio-Economic Impact

Assessment Staff of the Regional Copper Nickel Environmental Impact Study, and the

Department o~ Agricultural Economics Staff of the University of Minnesota.

MEA is interested in building fuel demand forecasting submodels into SIMLAB.

Methods for regionalization of fuel demands can be devised in an area where economic

data are not very restrictive. In addition, the state model can be verified upon

completion of economic and energy forecasts for all regions. However, inadequate

verification of responses from the fuel consumption survey, changes in industry

'sectors of 1 SINLAB later in the proj ect., and programming difficulties in

incorporating the fuel substitution computer model into SIHLAB delayed the project

and limited the scope of this report to the specific requirements of the work

agreement. The MEA Forecasting group does not have the responsibility for
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building operationa~ fuel submodels into SIMLAB, but specifies in this report

the input requirements and structure of feasible fuel demartd models for the

area.

1.2 Objectives of the Study

The work agreement specifies three goals of the project

(l) To develop a set of energy and fuel use coefficients

for major'users and industries in the copper nickel

area for a 1974 base year .

..,;:(2) To develop a fuel substitution model for large

. I

.,.1 ,.II

.~ I industries in the area.

(3) To cooperate with MEQC in providing or collecting

additional information, data or technical per-

sonnel, upon request of MEQC.

The wotk agreement was first revised by moving the base year from 1974 to

1976. Survey data and direct inquiries to energy suppliers were used to estimate

fuel use of major consuming groups in the area. Combined with measures of economic

activity for 1976, energy coefficients were derived from the consumption totals.

A fuel substitution model was estimated from survey data organized by the

Copper Nickel Study Staff. Problems in obtaining a useful set of primary data set

back the schedule and involved significant editing work for rfKA Forecasting

(Attachment 2). A 62 order industry breakdown specified for the project

(Attachment 3) was later revised into the 53 sectors of SIMLAB necessitating

reaggregation of industry sectors for the fuel substitution model.

Fuel supply outlooks for Minnesota and Region III are discussed in this

report, upon the request of MEQC. The 1978 Energy Conservation and Policy Repor·t

of MEA, natural gas curtailment list and other MEA sourc~s were used to project

long term supply for traditional fuels .

.:... 1. ? _



1.3 Organization of the Report

Section 2 deals with the long term supply outlook for traditional fuels in

the state and Region III. Alternative sources are indicated, particularly for

the energy intensive taconite industry.

Section 3 discusses methods used to estimate fuel consumption by major end

users for 1976. Energy intens~ties (BTU/employee) of primary fuels are compared

with statewide and national averages. Due to limited substitutability, electric

energy intensities (kwh/employee) are derived separately. Energy use per dollar

output are not calculated because of the difficulty in breaking down industrial.

energy consumption in Douglas County, Wisconsin, into 62 or 53 industry sectors.

Section 4 shows the structure, estimation methods and forecasting procedures

of the fuel substitution model. Also, fuel demand forecasts are presented from

a computer run of SIMLAB with a fuel substitution subroutine. Industry gross

outputs from SIMLAB drive the model, showing operational status of the computer

program. However, the energy" intensities may be understated because industry

energy consumption in Douglas County, Wisconsin, is not included with the 1976

estimates.

Demand equations and forecasting flow charts for the residential, gasoline

and electric energy models are discussed. Data inputs are specified in the

appendix along with the computer programs of the fuel substitution and residential

models.
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2.0 Fuel Supply Outlook

2.1 Statewide

The decline of natural gas supplies is the most crucial energy problem facing

Minnesota today. Natural gas supplies transported to the state have declined

since 1972. Northern Natural Gas, supplying 93 percent of the state's natural

gas, is projecting its supplies to drop 21 percent from 1976 to 1981. Northern

expects to offset their dwindling traditional sources partially with the addition

of offshore natural gas. This offshore natural gas will peak by 1981 and decline

at approximately 10 percent per year to 1995.,:. The remaining 7 percent of natural

gas' ~upplies to the state come from Canada. These supplies should begin to
.' i'

•~ to,

decline in 1984 and reach zero by 1992. New supplies can be expected from Alaska

as early as 1982 and will remain fairly constant through 1995. Another potential

source of gas is a proposed peat gasification plant in 1984. This remains highly

uncertain, however, due to environmental considerations.

~

.'
The oV,~rall picture for natural gas is a 5....10 percent annual decline in

supplies starting in 1980. This decline could be delayed until 1985 with the

'successful completion of a small scale peat gasification plant.

A declining gas supply coupled with a moderate growth in residential and

small commercial customers has meant heavy curtailments for large industrial

users. The first to be curtailed were the electric utilities. The utilities

have switched to coal as they are now almost completely curtailed of gas. The

second group to be hard hit were large industrial users with alternative fuel

capabilities. Many of these have already switched to coal or fuel oil while

others face curtailm~nts in the near future.

As natural gas curtailments continue, demand for petroleu3 products will

increase. Long--term availability of petro,leum as a substitute fuel for curtailed

gas remains highly uncertain.

- 2.1 -
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Petroleum products made from crude oil totaled approximately 45 percent

of the state's energy needs in 1976. Minnesota can expec~ both short-term

and long term shortfalls of petroleum supplies.

, Canadian crude oil accounts for over 50 percent of our total petroleum

needs. With the scheduled curtailments of Canadian crude oil, these foreign

supplies will be reduced by 1981 to between 0-12 percent of Minnesota's total

petroleum needs. This becomes critical for petroleum 'suppliers and refinery

employment in the state because Canadian crude supplied over 80 percent of
I /'

Minnesot~'s refining requirements in 1977. New supply routes for crude oil
',.'

must b'~ developed to insure the continued production from Minnesota's four

area refineries.

Until these new supply routes are developed, the refineries will seek to

supplement their crude oil supplies through exchange agreements. These are

arrangements by which a U. S. refinery exchanges domestic or U. S.-owned foreign

crude .oil for Canadian crude oil.

Two crude oil pipelines have been proposed to transport crude oil to

Minnesota to replace the Canadian crude. The Northern Pipeline will carry crude

oil frok the Gulf Coast to Minnesota. It may be operational by 1980. The other

is a west coast pipeline designed to bring Alaskan and foreign crude oil to

Minnesota and other Northern Tier states. Three alternative routes have been

proposed, yet all have encountered resistance. This pipeline is not expected

to be completed before the early 1980's.

When these short-term problems are overcome, Minnesota will face the long-

term petroleum supply outlook -- declining world reserves. Total petroleum

supplies to Minnesota will begin to decline in 1986.

- 2.2 -
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The demand for -petroleum in the state is directly tied to declining natural

gas supplies. As large industrial users shift from natural gas to fuel oil,

petroleum demand could increase faster than the 7 percent historical rate. Al­

though residential demand for petroleum should increase only slightly, commerciaL

and industrial demand could double and triple, respectively, by 1995. Total de­

mand for petroleum will probably outpace supply by 1987.

Again, industry will face the brunt of the petroleum shortfall. Many small

industrial users may swi.tch to electricity while the larger users will probably

switch to coal. Both present concerns. The switch to electricity for small in- '

dustrial users may be due to the price structure of electricity, lack of technical

know-how and difficulty securing capital. Should large industries substitute elec­

tricity for petroleum, it would mean construction of as many as 20 additional

generating plants by 1995. In light of recent opposition to\~ards newly planned

or constructed generating plants, it seems unlikely that this many plants could

be built.

To avert this problem, large industries will choose to switch to coal as a

substitute for natural gas and petroleum. Most will burn coal directly while a

few will construct on-site low BTU coal gasification facilities. Unlike natural

gas and petroleum, the supply of coal to the state is not limited by the amount

of coal reserves in the ground. Instead, supply is limited by the actual amount

that can be mined, transported and burned without detrimental environmental or

social effects. Should Minnesota's large industries successfully switch to coal,

consumption would double by 1985 and triple by 1995. Much of this increase will

result from additional coal fired power plants.

With the long-term outlook of declining natural gas and petro1eulil supplies

and the unQertainties surrounding doubling or tripling.coal use, conservation



~ ,. #,.. • ...,~- ....... -. -, •,

and alternative energy sources remain as the most effective tools for managing

the long term energy crunch. Each of these can fill one-half of the shortfall

between supplies and demand by 1995. Although conservation programs exist today,

there is still a potential for greater energy savings. These savings could be

achieved if prices, government support and consumer cooperation are all aligned

to bring about an effective conservation program.

The alternative energy sources that need to be developed include solar,

wind, ~yood, agricultural wastes, wetland plan~s, urban solid wastes and peat.

MO~,t o~these are technologically feasible today. Institutional and economic
';

problems remain the major obstacles to rapid commercialization.

In the coming years a dynamic and diversified plan to meet the energy

proble~s should be developed. There must be dramatic improvements on the

efficiency level at which energy is consumed. As new energy sources are developed,
I

/
care must'be taken to insure that each form of energy is closely matched to the

work that must be done. With this type of effort, a supply and demand balance

for fuels could be managed over the long term without several economic sacrifices

for the state.

Declining energy supplies and rising residential consumption may become a

severe constraint on future growth in the taconite and lumber industries.

Direct energy inputs in iron mining are related to three end use categories:

production, transportation and overhead activities. The taconite industry relies

primarily on electricity (magnetic separation 'stage of pellet production) and

natural gas (pelletizing and heat treatment)for production and on diesel for

transportation. Coal is used almost exclusively for electricity generation by

the Reserve and Erie Mining Companies. Future scarcities of natural gas and

dramatic c~anges in price ratios among alternative' fuels will require substitution
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of other fuels for natural gas in the heat hardening process. As coal is

substituted, an entirely new set of problems will appear~ including: need for

large investments in coal transportation facilities, conversion of taconite

plants to enable coal burning, and pollution abatement equipment •

. The lumber and forest products industry faces restraints to growth similar

to the taconite industry. The problem does not lie with wood and lumber, as

these industries are labor intensive. Pulp and paper, however, utilizes the bulk

of the industry's energy, and will be'most 'affected. As the industry is curtail-

ed ~rompatural gas (which accounts for 80 percent of total fuel use) it probably
:l

will"look to wood waste materials to fuel the boilers. Capital must be invested

in converting boilers to handle wood wastes. Another problem is the uncertainty

whether there is adequate wood waste to replace the curtailed natural gas.

The long term-trend in the wood products industry is to use more energy and
,

/

not less as~more energy-intensive electrical eq~ipment is installed. The pulp

and .paper industry is currently struggling with this while it is stressing con-

servation to stay ahead of declining supplies and rising fuel prices.
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2.2 Region III - Northeast Minnesota

Figure 2.1 shows the natural gas, petroleum and coal supply network in the

copper nickel area. Figure 2.2 maps the electric utility plants and transmission

lines serving the region.

Natural Gas

Natural gas is a mixture of naturally occurring gaseous hydrocarbons. It
. .

is obtained in much the same way as petroleum - through exploration and drilling.

The gas delivered to homes and businesses is primarily methane which has a heating

value of 1000 Btu per cubic foot.

- •• \' (I

A:~irect pipeline system exists between the gas well and the user of natural

gas. This system requires careful control to insure that pressures and flows are

maintained. At times of lower demand, natural gas can be stored underground as

.liquid natural gas (LNG) in cryogenic containers. During the winter, this stored

gas is then jed into the distribution system at times of peak demand. Propane from
/

propane/air" peak shaving facilities is ,also used to supplement pipeline gas supplies.,

Region III is served by three natural gas pipelines (See Figure 2.1).

Northern receives its gas supplies from wells in Texas, New Mexico, Oklahoma,
~

Kansas, and Montana. The Northern Pipeline extends to the Twin Cities and north-

ward to Duluth. From Duluth there is a branch that extends northeast to Two

Harbo~s and one extending,northwest to Hibbing and Virginia.

Inter-City Minnesota Pipelines, LTD and G~eat Lakes Gas Transmission Company

both receive their gas from Canada. The Inter-City pipeline barely extends into

Minnesota and only serves the communities of International Falls and Ranier. The

Great Lakes pipeline enters the state in the extreme northwest corner of the state

and gently sweeps southeast to Duluth and Superior, Wisconsin. This pipeline

serves Grand Rapids and Cloquet.
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Fig~ 2.1 Natural Gas, Petroleum, and Coal Supply Network, Copper Nickel Area
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Fig. 2.2 ELECTRIC ENERGY SUPPLY NETWOill<, COPPER NICKEL AREA
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Natural gas is distributed to all counties in Region III except Aitkin

and Cook '(breakdown of sales shown in Figure 2.3). Peoples Natural Gas is the

largest distributor, accounting for 28,838 billion Btu (53.5 percent). Peoples

receives all of its gas from Northern. The second largest distributor is Inter-

City Gas LTD., Inc., accounting for 18,603 (34.4 percent). Inter-City receives

approximately 62 percent of its gas from Canadian sources. The remaining 12

percent of the total gas consumed in 1976 was distributed by the following four

municipals: Duluth (9.8 percent), Hibbing (0.8 percent), Two Harbors (0.8 per-

cent) and Virginia (0.7 percent).

The two most energy intensive resource related

30,894 bill~on Btu (57 percent).'
,.'

, J -,Region III consumed 53,906 billion Btu of natural gas in 1976, which was
/;;/~

(1.8.75/percent of the State total ..

~ /'
, \'~ndustries iron ore mining ,and the pulp and paper industry, accounted for
ll'lo l./) ,

- 0 h 44,306.7 billion Btu (82 percent). The mining industry alone accounted for

The third largest consumer was the residential sector with 4048 billion Btu

.(8 percent). The remaining gas was consumed by all other industrial and commercial

sectors, the largest of which included electric utilities, lumber and furniture,

educational facilities and petroleum refining.

Minnesota expects its gas supplies to decl~ne slightly from 1976 to 1981

(8 percent) but then rise again·by 1983 to the 1976 level. From 1984 to 1995,

supplies should decline,approximately 5 percent each year. This decline will

be a result of declining domestic supplies from Northern Natural (offset slightly

with projected Alaskan supplies beginning in 1982) and Canada.

Region III is in a slightly different situation due, to increased dependence

on Canadian Gas 21.5 percent compared to 7 percent for the state. Natural gas
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Figure 2.3

REGION 'III NATUHAL GAS SALES, 1976
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curtailments to the Region will occur in two stages. The first began in 1973

when Northern served notice to large industrial users that they would soon be

curtailed c ~as. Gas consumption in Region III dropped 7.5 percent from 1974

to 1976, approximately the same as the state decline.

From 1976 to 1977, however, regional gas consumption dropped almost 7 percent

and is proje~ted to continue declining at about 6 percent per year through 1982.

The heaviest curtailments will occur in the industrial sector, as consumption is

projected to decline almost 33 percent by 19?2. Within the industrial sector,

taconita and iron mining will feel the biggest curtailment of 50 percent by 1982.

In ,th~ short run, this gas ~hortage will be made up by fuel oi~while in the long

run, the taconite firms may switch to coal or coal gasification. The electric

utilities are almost completely curtailed and have successfully switched to coal.

Other sectors that can anticipate problems include the lumber sector, petroleum

refining, ~tone, clay and glass products, and the Duluth Steam plant. Here again,
,/

petroleum'products will be the first alternative for many smaller firms while the

large users will go to coal or electricity.

The second stage of curtailments should begin in 1984 when Canadian supplies

are projected to drop. Canada is expected to have difficulty meeting its demand

after 1984 and will probably reduce exports to Minnesota by 10-15 percent per year

starting in 1984. Canadian suppl~es could drop 'to zero by 1992.

For the two towns in Region III se~led 'solely by Canadian gas -- Grand Rapids

and International Falls -- these curtailments present serious problems. Over 90

percent of this gas (10.7 million MCF's) is consumed by the two large paper

industries. Approximately 40 percent of this total is for electrical generation

and may be replaceable by coal. The power plants could also be closed

- 2.11 -
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and the two firms could purchase their electricity. The remaining 60 percent

may be more difficult to replace.

Another serious effect of this gas curtailment could be that the residential

and commercial sectors may be cut off around 1990. These customers may be forced

to switch to an alternate fuel if domestic gas does not replace Canadian supplies.

Coal gasific~tion'plantsand peat gas from the proposed peat gasification plant

to be located in the Region may be potential sources, however.

~.:
/, .

Potential Gas Sources
, ,

Although }linnesota's traditional sources' of natural gas are declining, three

new gas sources may be available in the near future. The first and most likely

is Alaskan gas. In the 1980's -- possibly as early as 1982 -- Minnesota may re-

ceive new gas supplies from the Prudhoe Bay area in Northern Alaska. A moderate

amount of Alaskan gas was included in the supply picture for the Region. The
~,

amount Minnesota actually receives may be lower if a new pipeline is not built

and higher if Minnesota rec'eives a larger share of the gas than it expects.

The second potential new source is coal gas. This involves a process where-

, by gaseous fuels are produced from coal. The technology has been available and

used successfully in Europe and South Africa. Either high Btu gas (1000 Btu/cu.ft.)

that can be shipped via a pipeline or low Btu gas (200 Btu/cu.ft.) 'that must be used

at the location where it is ge~erated can be produced from coal.

Low Btu gas holds' particular promise for the taconite companies which are

searching for a replacement for curtailed natural gas. Erie Mining has proposed

building a small low Btu coal gasification plant with the aid of a grant from the

,federal government. This demonstration plant, scheduled for completion in 1981

or 1982, could supply up to one-third of Erie's f~el requirements for pelletizing

(almost 2' trillion Btu). If the proj ec t proves ",successful, Erie would probably
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triple the size of the plant in order that it could supply all energy needs

for pelletizing. In addition, the other taconite companies may choose to build

their own on-site coal gasifiers.

A smaller coal gasification (238 billion Btu/year) plant is being built on

the campus of the University of Minnesota, Duluth. This gas will be used primarily

for space heating.

The third potential source of new gas is from the peatlands in northern

Minnesota. Minnesota has an estimated 7.2 million acres of peat land containing
J !~

some 16 •.,~ billion tons of peat (at 35 percent moisture) with an estimated heating
f

valuefof 6000 Btu/lb. If 10 percent of peat lands were developed for energy,

the amount of energy available would be 19.5 quadrillion Btu or enough energy

to satisfy all the energy demand in Minnesota for 16 years. However, the tech-

nology remains unproven in the United States and some very serious environmental

questions ~eed to be answered.
/

Minnegasco plans to build a demonstration plant by 1985 that would produce

28 billion cubic feet per year.' If this is successful, a full scale plant pro-

ducing up to 84 billion cubic feet of gas per year could be built by 1992.

Petroleum Products

There are two crude oil refineries in the .Copper-Nickel area - Continental

Oil Company in Wrenshall (23,50Q'barrels/day) and Murphy Oil Company in Superior,

lvisconsin (45,400 barrels/day). These two .refineries were completely supplied by

Canadian crude oil in 1976 via the Inter-provincial-Lakehead Pipeline System

extending from Edmonton, Alberta to Superior, Wisconsin. A new Williams Line

from Mason.City, Iowa was completed in December, 1977, and began supplying 53,000

barreis/day of crude oil to the Twin Cities area refineries and the Conoco re-

finery a~ Wrenshall.
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Petroleum products not refined locally enter Minnesota through product pipe-

lines connecting out-of-state refineries to Minnesota distributors. Minnesota is

·served by two pipeline systems: the Williams Pipeline Company and an Amoco Oil

Company pipeline. However, only the Williams system supplies northeastern

Minnesota via a pipeline extending from St. Paul to Duluth/Superior.

Most of the propane consumed in Region III is shipped from Canada in 30,000

gallon tank cars. In addition, a small portion is produced in the two local

refineries.

Coal

Region III was the second largest coal-using region in Minnesota in 1976,

consuming 4 million tons (30 percent of the state's total) •

. Approximately 65 percent of this coal comes primarily from Montana. The

remaining 35 percent is eastern coal that is shipped from Kentucky, Tennessee,

West Virginia and Illinois.

The principal mode of transporting coal into the region is via Burlington

Northern Railroad. The Burlington train enters the state in East Grand Forks and

continues to Cohasset. The remaining 25 percent is shipped by either barge or

railroad while less than 1 percent is shipped by truck.

Coal consumption in Region III, as in the entire state, is dominated by

large users· (figure 2.4). The 5 largest users - 2 electric generating plants,

2 taconite firms, and a coke plant - account for 90 percent of regional coal

consumption. The remaining 10 percent is divided between smaller electric

generating plants, the lumber and paper industry, a steam plant and educational

facilities. Overall, more than 85 percent of coal consumed in 1976 was for the

generation of electricity.
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Figure 2.4
1976 Coal Use, Region III

(all figures in tons)

Source

r-.---·'·- --'--.---' .._-_....
I
I
I

iP

-- --------·1

........

-_._. _..--- - .'....•- ...

- ---- -_.. <--- - --~-, ...- -~- _. ,

-....~

'~.

Ultimate
Consumer

--/

Total
Consumption

(tons) Percent

WESTERN

. COAl..

ELECTRIC

UTILITIES
2,631,836 65.7

3.2

0.7
9.9

20.5820,508

127,000
Education

3,7 lt3

\

I
I

I'
I
i
[

!
I

.~.~---j
!
I"'....__1 ' _._--=-~:::::--

107 ~ .:~-~.: .-:==_----.. =:J / Other
_....- -"'-f~'::- -._-~~_::=..-=-==.__ :~. ---. Utilities

I I i 26,109i-'c--== - .Coke P_!a."E__.__ .J 397, 000

I

--. .. IT-aCo~it~- j

-.--J Mining ·

......__.._I~~~~~~;~~_;~d_~~~~
EASTERN

COAL

1,375,432

2,630,764

Total 1.,006,196 Total - 4,006,196 100

- ?15 -



Coal consumption by present users in the Region is projected to double
~ .;
'~...

by 1985 and triple by 1995. Tons burned will increase from 4 million in 1976

to 10 million in 1985 and 14 million in 1995. ,The major increases will be

from mining expansion and new power plants to be built by }W&L.

This increased coal use will require additional railroad facilities and

barge traffic. In order for this increase to occur, many environmental and

economic questions need to be resolved.

Electric Energy
fi

Id 1976 there were 29 electric power plants in the Region with a total

capacity of '1,296,000 kw. These plants generated 7.02 billi~n kwh of electricity.

Included are 12 steam electric, 9 internal combustion and 8 hydro plants:

Capacity (mV) Generation (KWH)

Steam Electric 1,176,250 6,668,371
/

;

,Hydro 101,110 338,743

Internal Combustion 18,573 9,147

1,295,933 7,016,261

<'t.

Most of the electricity (95.1 percent) was generated by steam electric plants

while internal combustion and hydro plants accounted for 0.1 percent and 4.8

percent respectively. In 1976, 97 percent of the electricity generated by

steam electric plants was produced from coal. With the ~~ception of the steam

electric generating plants of paper companies, 'natural gas is used primarily for

flame stabilization. Similarily, oil is used primarily for peaking purposes

with the e~ception of the MP&L Hibbard plant.
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While there are 29 electric power plants within the Region, the 4 largest

account for over 85 percent of the total electricity generation. They include

two }W&L plants - Clay Boswell (3,296,637,000 kwh) and 8y1 Laskin (479,279,000

kwh) and two private industrial generators - Erie (1,237,890,000 kwh) and Reserve

Mining (992,911,000 kwh).

Rising demand for electricity in the Region will be met with the addition of

two large power plants to be built by MP&L. The first, a 500 MW addition to the

Clay Boswell plant, is scheduled for completion in 1980. The second is an 800 MW

plant originally scheduled to be built at Floodwood by 1984. With the completion

of these plants, Regional capacity will amost double.
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3.0 Fuel Consumption estimates for 1976 and Fuel Coefficients for Najar Users

Consumption data for 1976 were obtained from energy suppliers in the form

of standard reports to federal and state agencies. Direct inquiries by MEA

verified and supplemented the data set.

3.1 Sources of Energy Data

Regional Energy Information System (REIS) - Natural Gas and Electric Energy

Most of the data in this report were obtained from the Regional Energy Inform-

ation System (REIS). The REIS consists of/twd data bases which contain annual
~'

and qu~rterly data from Mlnnesota's natural gas, electricity and primary petroleum
.: "

suppliers'.. Included in the data bases are transmission and'distribution of energy,

energy production and storage, and large customer statistics.

The energy transmission and distribution data provide a series of pictures

about the ~low of energy into the state, its transmission to the distribution

suppliers and its final disposition when it is delivered to Minnesota consumers.

Production and storage information in REIS consists of annual suwmaries

on the amount of electricity generated by each of Mlnnesota's generating plants,
~

the type and amount of fuel used to produce electricity, some detailed data items

on the size and efficiency of the plant, and the rati~gs of all individual generat-

ing units. Similar data ,is collected for substitute natural gas facilities and

petroleum refineries, as well as storage facility information on the latter two

energy types.

The large customer statistics include: all electric consumers who use over
1

600,000 Kwh per year as well as many smaller users down to 9,000 Kwh per year;

natural g'as customers 1Ovho consume more than 200 HCF on a pe.ak day and 6000 MCF

.per year, as well as small volume interruptible ~sers; and all large petroleum

wholesale purchase customers.

'1 1



Fuel Use Survey

Fuel use questionnaires were included in an economic survey conducted by the
.., ~

University of Minnesota. Inquiries dealt with current fuel consumption and fuel

shift intentions of various industries in the area (Appendix 1). However, the

quality of responses and coverage did not allow estimation of industry consumption

totals from survey results alone.

Natural gas and electricity consumption totals were determined using REIS for

control totals and a combination of REIS and survey data to apportion consumption

by industry sector.

p'

"To~;l regional consumption as well as the· split between residential, commercial

and industrial users were determined by aggregating sales of six gas utilities

serving Region III.

After separating the residential sector, sales to ultimate consumers as listed

by the utilLties were assigned to the 62 sectors. These figures were compared to
/

the survey data which covered 50 percent of the total natural gas consumption, and

. the larger of the two figures became the sector totals. This accounted for all but

0.4 percent which was then apportioned to the commercial sector based on employment.

Electricity was estimated in the same manner as natural gas. It was slightly

more difficult, however, because there were almost 25 utilities and six private

industrial firms generating electricity. Again; customers were assigned to 62

~ndustry sectors as reported by· the utilities. These totals were compared to the

survey data and in each· sector the larger of the two figures was used. After this

procedure, all except 0.8 percent was accounted for. This was apportioned to the

commercial sector by employment.

Northwest Petroleum Association Yearbook - Fuel Oil

Sales. of fuel oil are available by town for 1973 from the 1974 Northwest

Petroleum Association Yearbook. The original source was the Petroleum Tax Division
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of the Minnesota Department of Revenue. Only monthly state totals are available

from Petroleum Tax Division since 1973, so that 1976 es,timates for the area were

derived by u~~lying the state growth rate for fuel oil. The additional fuel oil

needed to replace curtailed natural gas was then added to arrive at a regional

consumption total.

Consumption by the residential sector was estimated through a residential

fuel demand model of the Region. The remaining fuel oil was allocated to the

62 industry sectors j based on results of the fuel use survey and a list of large

customers for 1974 from REIS.

For each sector, a Btu/employee ratio was calculated using energy consumption

and employment by responding firm in the fuel survey. Total Btu by sector were

determined by multiplying this ratio" by total employment in the industry sector.

SinGe there were few responding firms, an alternate procedure was devised.

Consumption estimates for 1974 were adjusted to 1976 using the state growth rate

for fuel oil. The larger of these two numbers became the total consumption estimate

by sector. The totals by sector were then aggregated and found to equal the region

control total estimates.

Petroleum Tax Division - Gasoline

Gasoline data was similar to fuel oil in that the most recent county estimates

available were for 1973 from the Petroleum TaX Division. These county estimates

were adjusted to 1976 using the state growt~ rate. The total was then separated

according to motor freight transportation and all other uses.

Propane Dealers

Propane was more difficult to trace than either fuel oil or gasoline. No

county or regional estimates were available for concrol totals. Therefore, a

phone surv'ey of all Region III propane dealers was,~onducted: From this, a

regional control total was developed and the residential sector was isolated.
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The remaining propane was assigned to the 62 industry sectors using employment

and energy consumption from the survey similar to the method for fuel oil.

Minnesota Coal Study

The Minnesota Coal Study Group conducted a survey of coal users and reported

detailed coal use by large customers in each economic development region. This

study covered over 99 percent of all coal consumed in the region.

were then assigned to the 62 sectors.

Wisconsin Energy Use by County - Douglas County, Wisconsin

Coal consumers

The Wisconsin Office of State Planning and Energy issued a county breakdown of

fuel consumption. Since electric utilities were not covered, a telephone inquiry

was made for the three -electric companies that furnish power to the area.

Douglas County estimates were added to Northeast Minnesota consumption for

an area-wide fuel use control total.

3.2 Fuel Consumption Estimates for 1976

Table 3.1 shows 1976 consunption estimates by major end user in the Copp~r

Nickel Study Area. Totals for Douglas County, Wisconsin, are presented also but

*adjustments are necessary due to an apparent overestimate on residential use of

natural gas. Residential fuel use totals were compared with housing stocks, energy

intensities and state consumption-housing stock data.

Fuel use by 62 industry sectors in Northeast Minnesota were estimated using

the fuel use survey, natural gas and other utility reports in REIS, and direct

industry inquiries (Table 3.2). Similar disaggregation of the commercial-industrial

sectors for Douglas County, Wisconsin, was not warranted by the quality and

quantity_ of fuel data controls, and the lack of detailed employment data for

Douglas Countr.
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Table 3.1 Fuel Use Estimates by Major End-Use,
Copper Nickel Study Area, 1976.

Natural Gas Fuel Oil LPG Gasoline Coal Electric

(billion BTU
Northeast Minnesota
Residential -, 4,048 12,745,', ", 2002 ,20,693 - 2,804
Commercial 2,127 ~ 4,615 570 80 1,597
Indust·ri:i.1 46,300 ]6,512 245 30;107 20,410
Electric Generation 896 2,434 12 48,301 551
Transportation 102 2,039 57 2,019 - 148
Others* 433 44 18 583 80
Total 53,906 38,389 2904 22,712 79,071 25,590

Douglas County, Wisconsin
Residential 707(1414*) 847 195 33 318
Commercial 312 ) ) 198 236
Industrial 1,390 ) 6,979 ) , 108 9 730
Electric Generation 267 10
Transportation - 3,042
Other 717(10*) 11
Total 3,393 7,826 303 3,042 240 1,305

-
Copper Nickel Study Area
Residential 4,755 13,592 2,19'7 ~'to.. ~. 33 3,122
Commercial 2,439 ) 278 1,833
Industrial 47,690 ) 28,106 ~ 923 30,116 21,140
Electric Generation 1,163 2,434 12 48,301 561
Transportation 102 2,039 57 148 .-

Other 1,150 44 18 583 91
Total 57,299 46,215 3,207 25,754 79,311 26,895

* Communications sector, gas utilities and other utilities.
** Reported by Wisconsin State Planning and Energy. Residential consumption

appears overstated because residential units on natural gas for Douglas
County sum to only 12% of Northeast Minnesota. The other category was
increased by the amount of the overestimate.
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Table 3.2 Estimated Fuel Use by 62 Industry Sectors,
Northeast Mi~nesota, 1976.

1.
2 ..
3 ..
4.

Natural
Gas

--.,

AGRICULTURE, FORESTRY., FISHERY

Forestry ~ ~_~ ~ ~ __ ~_~_

Logging camps & logging contractors .9
Smvmi11s .una planin~ mills 18. 7
All other agricultural, forestry
and Fishery products & services ~43.9

}UNING and CONSTRUCTION

Coal
Fuel

Oil

(bill~on BTU) -

24.9

87.9
123.4

20.3

Propan~

2.4

1.0

111.6

Gaso­
line Electricit)

O'

2 .. 3
13.8

370.2

5.
6.
7.
8.

Iron and Ferroalloy Ores ~ .. ~ ~~Q,~9~._O_ 17,47Z.Q lQ,079.2
Cop per _O!, e_}'liI1J-~g
Other Nonferrous Me.tal Hining
All Other' Hining and Quarrying 230.4

49.7 16,299.5

9. Conn true tion

HAlwrACTURING

2.2 100.3
~ ...

29.7 9.7

10.. .Food and Kind red Products 100. 2 6.8 96.0
11. . Other Lumber and Furnitures 573.3 153.6 1.4 190.1
12. Paper and Allied Products 13,432.7 2,705.0 893.4 28.5 2,701.3
13. ,Printing, Publishing and Allied

Industries 7.5 184.5 32.3
14. Chemical and Allied Products 4.5 182.9
15. Petroleum Refining & ReI. Industries 264.1 2,948.3 12.7 219.4
16. Stone, Clay, Glass & Conrete Prod. 711.5 496.0 0.9 -28.6
17 • Primary Smel t:l.ng & Re.fining of Copper
18. PriTnnry Production of Aluminum
19. Other Primary Metal Industries 12.1 467.5 35.7
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Natural
Gas Coal

Fuel
Oil Propane

Gaso­
line Electricity

20.
2l't
22.

Rolling. Drawg. & Extruding of Copper
Rolling, ~D~ra\·7g.~_& Extruding of Alum.
Rolling, Drawg. & Extruding of Non­
ferrous Metals

23.
24 ..
25.
26.

Fabricated Hetal Produc tB 109:13 ~--9, 925. 0
Hachinery, ExcepJ; ~lec tric9-L__ ~_~ ~~~~ ~.]g_A4

Electrical & Electronic Hachinery 1.5
All Other 11anufacturing A3.9

551.3 - -- ITO

15.7 28.4
.7

95.7 21.9

74.6 1,114.6 43.5
6.7 924.4 57.2 2,019 22.4

20.9 20,693 81.9
43.2 17.7 43.3-

R9SaS 48,301.0 2,434.4 551.0
13.2 12.3 35.3

419.8 583.0 .9

27. Railroad Transportation
28. Ho tor Freight Trans. and Warehousing
29. Other Transportation
30. Communica tians

_..- ..,~._----------------_.----
31. Electric Ut Ities---------------32. Gas Utilities
33. Other Utilities

TRADE, FINANCE AND SERVICES

34. ~fuo1e8a1e Trade - Durable Goods 21.9 425.6 32.4 32.9
35. ~,nLOlesa1e Trade· - Nondurable. Coods 2.2 125.9 46.3

. 36. B'.li1ding Ha terials and lIard'1:vare 13.4 84.7 93.0 8 ?

37. General Merchandise Stores 79.6 110.9 156.7 170.0
38. Food Stores 17.5 47.4 66.8 150.0
39~ Automotive Dealers 20.8 104.7 13.0
40. Gasoli~e Service Stations 6.2 131.5 15.7 22.5
41. Apparel and Accessory Stores 142.5 23.2
42. Furniture Dud 110me Furnishing Stores 7.9 190.4 11.2
43. Eating and Drinking Places tt6.0! 226.3 92.8
44. Miscellaneous Retail 32.2 321.2 23.2 49.1
45. Finance, Insurance? and Real Estate 32.6 99.1 65.4
46. Hotels, Hotels and Tourists Courts 61.0 920.4 96.9 69.0
47. Camps and Trailcring Parks 10.0 0.6.7 1.7

- 3.7 -



Natural
Gas Coal

Fuel
Oil Propane

Gaso­
line Electricity

18.8 22.8 5.1
.5 44.5

83.131.8 53.3
"TbO. 1 122:b225.8

48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.

Personal Services 297.3
Business-Services 37.2
Au tomo ti'le Repair, Service & Garage 9.6
Miscellaneous Repair _Services 32.3
Motion Pictures ]6.1
Outfitters 59.4
Other 1.4
Health Services 77.1
Hospitals 311:0
Educational Services 612.2 ~
SO~i;l~~ 22...j
Hembership Organizati9_Il_s_~____ 30.3
State and Local Government Enterprise 56.1
Federal GoverD~ent Ent~rprise 69.3
DumniY Tiidustries .4

!!"" 3.8 -

527.1
190.8
102.8
14.6

342.0
26.7

327.3

42.7

18.6

12.8
9.7

10.4
5.2

22.2
21.9

141.6
166.6



3.3 Energy Intensities by Major End-Users

Residential

Residential consumption of various fuels depends on heating degree days,

purpose and type of equipment.

Space heating dominates all end uses and thi~ can vary according to climate,

housing structure, building insulation and indoor temperature setting. Average

requirements for heating and other residential uses of energy were estimated by

MEA for Region. III (Table 3.3).

In order to use this information for forecasting residential energy require-

ments, an ~nventory of housing stock and forecasts of housing needs should be

done. SIMLAB does not have this data nor forecast capability. Hence, MEA derived

all the necessary data and built an end-use residential model for the Copper-

Nickel area. The structure of this model is given in section 4.2•.

Industry Sectors

Late in the project, the industry sectors were redefined from 62 industry

sectors to 53 sectors. This required aggregation on the fuel consumption data
,

and adjustme~ts on the fuel substitution model. Energy use intensities were not

calculated for copper nickel mining and smelting sectors; these are specified for

SJlaAE by the Copper Nickel Study staff.

The·forecasting of fuel demands by various industries requires energy

intensities for a base year. Applied to changes in gross output, these intensities

project industry energy requirements. Adjusunents on energy intensities to account

for price~induced conservation and varying process efficiencies for different fuels

are discussed in section 3.1.

Due to substitutability between natural· gas and. fuel oil and long term shift

to coal for large industries, energy intensities should be derived by dividing the

sum of primary fuels (coal, natural gas, fuel oil) by gross output of SI}rrJill.



, . . .

Table 3.3 Estimated Energy Require~ents Per Household for Various
End Uses in The Residential Sector, Region III

End Uses Natural gas, Fuel Oil Electric
& LPG

Single fp-rrily million BTU ki1oT,latt hrs
Spaceheating 183 24898
Wat.er heating 32 5700
Cooking 9 1476
Others (cfothes drying) 8 996

:Hulti Units

Spaceheating 81 ' /" 12449I
/'

Water heating 14 2523
CookinO' .9 1476

(:) .

Others/ 8 996

. Mobile ha~es

Spacehea.tiug 124 16939
Water he2.ting 22 3878
Cooking 9 1476
Others 8 996

,
/

Source:' J2-n.::~ Peterson, "Residential Energy Prices in Hinnesota",
Minnesota Energy Agency, St. Paul (Draft September 1977).
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Energy consumption totals for these substitutable fuels are given in Table 3.4.

Energy use per dollar output is not presented because reliable consumption estimates

for industries in Douglas County, Wisconsin cannot be produced with present data. In

order to demonstrate the operational status of the fuel substitution computer pro-

gram built into SIMLAB, energy intensities are derived using consumption totals for

Region III and 1976 gross output from SIMLAB. This understates the intensities be-

cause industry fuel consumption in Douglas County, Wisconsin are not included.

Since there are unique uses for propane and electric energy, estimates of current

consumption, energy intensities and forecasts should be determined independently for

these energy forms.

Further adjustments are needed before energy intensities are applicable to fore-

casting. The portion of primary fuels used for self-generation of electricity should

be deducted if additional electric energy will be purchased from electric utilities

in the future. Capital investment and pollution control requirements presently dis-

courage industries from increasing in-plant electric generation facilities. E:~an-

sian of Minnesota Power and Light Company is predicated on increased power purchases

by taconite industries.

Hence,. energy intensities that predict additional energy requirements due to

increased output should exclude the fuels used for electric generation. Electric

intensi~ies are then adjusted upwards to include. self-generated power.

Comparison of Energy Intensities in Ind~stry - Region III
Minnesota and U. S. Averages

Transformation of the 62 industry sectors into 53 sectors of SIMLAB presented

difficulties to MEA. It was not until fuel consumption controls and fuel sub-

stituti~n parameters were estimated that the 53 sector redefinition was communi­

cated to MEA forecasting. Rough adjustments on the fuel substitution model were

~one in order to forecast at the 53 level, but ~lliA feels that.parameters of the

- 3. 11 -
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model should be reestimated using the 53 sector definition ..

Similarly, MEA estimated energy per employee ratios for Region III, state

and national levels using the 62 industry sector definition (Table 3 .. 5).

Employment data for Region III was provided by the Copper Nickel Study staff

using Dun and Bradstreet and ~nnesota Department of Employment Services data.

Sector definitions and methods of estimating employment could cause differences

in energy intensities. However, large differences for the manufacturing sectors

could be due to different ages of plants, production processes and extent of self

gene;ationof electricity. For commercial sectors, space conditioning requirements
.: ,/

vary dramatically according to climate. It appears inadvisable, therefore, to rely

solely ?n energy intensities at the national or state levels in estimating energy

and "fuel use for small areas. Forecasts usin~ adopted energy intensities would be

misleading.

;

:'
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TABLE 3.5

ESTIMATED ENERGY USE PER EMPLOYEE,
COPPER NICKEL AREA, MINNESOTA AND U.S.

-billion"'Btu - ,if - million Btu per employee -

, Copper Nickel Area Energy per Employee Purchased Electricity
Primary Purchased Eruploy- CIN' Minn. U.S. CIN Minn. U.S.
FlleJfL~ E.IC'c.tr:fc_ mf'nt (1976)(197!~) (1974) (1976) (197Ik) (1974)

if;

AGRICULTURE, FORESTRY, FISHERY

1.
2.
3.
4.

Forestry
LO\!Q:inr! camus & logging contrHctor~

Sa\vmills and planing mills
All other agricultural, forestry
and Fishery products & services

27.3
88.8

143.1

175.8 370.2

405 67.4
27 3288.9

310 461.6

295 595.9

----1)5:-2- -
299.7 ----~44~~5

1254.9

MINING and CONSTRUCTION

--r13 1732.3 2991.4 201.9

5.
6.
7.
8.

Iron and Ferroalloy Ores _ 58499.9 16299.5
Copper Ore__~~Tlj.IlZ
Other Nonferrous Hetal Mining
Ai-foiher I'fining find Qu-nrryJng --~----- -23D~q

13383 4371.2 5521.3 1705.9 1217.9 1538.8 538.0

9. c.onstruction 132.2 9.7.' 8425 15.7
.~ ...

386.9~ 1._2 11 _R

HAl\TUFACTURING

10. ,Food find lZindred Products 107.0 96.0 2242 47.7 843.4 512.7 42.8 48.4 83.3
11.· 'Other Lumber and Furnitures' 728.3 190.1 2036 357.7 254.4 171.7 93.4 35.7 '46.2
12. Paper and Allied Products 17059.6 2701.3 3076 5546.0 1655.8 1844.1 878.2 278.4 360.6
13. Printing, Publishing and Allied

Industries 192.0 32.3 1319 145~6 34.7 55.5 24.5 22.9 28.5
If}. ChCmfcalandAffietiProcltlcts-4: 5 ~---182. 9~-- 1~,1 ---~3r'-9----~46-5 .-;i -i893.6-f297-:-:i~--1-i~3.-4~-563.3-----
15. Petroleum Re£ining & ReI. Industries 3225.1 219.4 140 23036.4 10233.3 10130.6 1567.1 676.3 743.6
16. Stone, Clay, Glass & Conrcte Prod. 1208.4 28.6 586 2062.1 1184.7 1942.2 48.8 133.9 157.8
17. Primary Smelting & Refining of Copper 4172.6 339.8
18. Prirr.ary Production of Aluminum 5210.5 9535.8
19. Other Primary }fetal Industries 479.6 35.7 1160 413.4 441.6 1983.3 30.8- 180.8 332,0
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204.7
276.31255.6

1T9-.~---Ll~ 1690 82. 6 145. 3 13 . 0 36. 7 5~ . 4

Rol1in~~Dr~~~~x~~~A~ng~of Copper
Rolling,~DT~HK. &_Extruding _of Alum.

All Other Mnnufacturinr,

Rolling, Drawg. &Extruding of Non­
ferrous Hetals

. Fabricated Hetal Prod-uc tB
,}hc.h -Lnery ~ Exc.ept Ele.c tr1 C'.!ll
Electrical & Electronic Hachinery

23"
24.
25.
26.

20.
21.
22.

Copper Nickel Area Energy per Employee Purchased E1el Lcity
Primary .. Purchased Employ-CIN Hinn. U. S. C!N Minn. U. s.
FU01s ~lectric ment (1976) (1974) (11?4) (!976) (1974) (1974)----------:----------------::--bIllion Btu - if - mi1li.on Btu per employee -

650.0

27. Railroad Transportation 1189.2 43.5 568 2093.7 382.6 76.6 7.7
28. }fotor Freicht Trans. and Warehousing 3007.3 22.4 830 3623.2 3282.4 27.0 5.8
29. Other Transportlltion 20713.9 81.9 1763 117~9.2 4 h 9
30. Communications 60.9 43.3 1407 43.3 8.2 11.1
31. Electric Utilities 51630.9 551.0 1250 0
32. Gas Utilities 25.5 35.3 87 293.1 11.5 j15,7
33. Other Utilities 1002.8 0.9 116 864L~.8 ~

TIUu'JE,," FINANCE AND SERVICES

34. ~~101esale Trnde - Durable Goods 479.9 32.9 2983 160.9 }29.6 11.0 }30.3
35. 1.J1101esale Trade - Nondurabl'c .Goods 128.1 46.3 1677 76.4 27.6
36. nuildlng Materials and HardHare 191.1 8.2 1108 172.5 41.8 7.4 6.5
37. ':Genc-rnIHcrc11Qrldise Stores 347.2 170.0 3764 92.2 11.5 45.2 18.6
38. Food Stores 131.7 150.0 3036 43.4 126.8 49.4 14.?
39. Automotive Dealers 125.5 13.0 1802 69.6 3<).1 7:2 45.2
40. Gasoline Serv1.ce Stations 153.4 22.5 925 165.8 102.1 24.3
41. Apparel and Accessory Stores 142.5 23.2 1376 103.6 ~O.5 16.9 50.1
42. . Furntture and Home Furnishing Stores 198.3 11.2 704 281.7 66.8 15:-9 57.5
43. Eating and Drinking Places 272.3 92.8 6~73 42.7 43.0 14.6
44. Miscellaneous Retail 376.6 49.1 2266 166.2 33.8 21.7 40.0
45. Finance, Insurance, rtnd Real Estate 131.7 65.4 3366 39.1 2/.9 19.4 21.1
46. Hotels, Hotels and Tourists Courts 10/8.3 69.0 2354 458.1 lrrsr:-a 29.3 76.1
47. Camps and Trnilcring Pniks 11.3 1.7 74 152.1 2j.2 23.0 13.4
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Copper Nickel Area Energy per Employee
Primary Purchased Emp1oy- c/N Minn. U.S.
Fuels Electric ment (1976)(1974) (1974)

Purchased ElecL"",,~city

c/N Minn. U.S.
(1976) (1974) (1974)

- billion Btu - 11 - ml-Ilion Btu per employee -
48. Personal Services 824.4 1072 769.0 93 3 0 17 2
49. Business-Services 265.7 12.8 1192 222,9- 37 6 10 7 J2.9
50. Automotive Repair, Service & Garage 112.4 9.7 5[1-0 208« 1 56 8 1R 0 32 a
51. Hiscellaneous Repair Services iii 65.5 10·.4 308 212.7 21.0 33.8 1 J 8

52. )[otion Pictures 16.1 5.2 196 82.1 -60.6 26.5 'HI J
53. ~lt[ittcrs 101.0 5.1 194 520.6 67.9 26.3 18 1
54. Other 1.9 4ft .5 3LI4 5.5 68.9 - ]29.4 13.2
55. Health Services 160.2 53.3 3080 52.0 42.9 ]7.3 19.7
56. Hospitals 348.8 122.6 4588 76.0 188.2 26.7 32 8
57. Educational Services 852.6 225.8 244 3494.3 95.8 925.4 32 8
58. 22.1 22.2 2382 9.3 40.5 9.3 32 8
59. Hembership Organizations 372.3 21't h1?! 28j'~ ]~~~ l~ ~ 40.3
60. State and Local Government Enterprise 82".8 141. 29).~:
61. Federal Covernnlent Enter rise _ 6 6 1 6 6 15.5
62. _ urruny - It us tr es ~~ ~~~

~,~ ,
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4.0 Fuel DemAnd Models

The work agreement with .the State Planning Agency specified the building of

a fuel substitution model for various industries in the region. Consumption con-

troIs, energy intensities and other parameters of the model were to be estimated

for the 62 industry sectors. The model was adjusted to the 53 sector definition and

a ~omputer subroutine to SIMLAB II was prepared. This model forecasts fuel demands

based on SIMLAB industry outputs but further refinements are necessary to cover

all 53 sectors. This will involve substantial work on the 1976 consumption con-

troIs and reestimation of parameters of the fuel substitution model. Presently,

these parameters are determined from survey data organized around the 62 sector

definition.

A residential fuel demand model was built· for the copper nickel area. Datawork

and computer programming were handled entirely by MEA forecasting. This model can be

written into SIMLAB, but transformation of forecast population into number of house-

holds, savings into personal income, etc. are needed to run the residential model.

Fo~ec~sting procedures for gasoline, propane and electric energy demands are out-

lined in this report.

~

4.1 Fuel Substitution Model - Industry Demands for Natural Gas, Fuel Oil and Coal.

The model consists of the following replacement equations:

n
L

j=l
(l-bJ,) Y, ( + G( )

J t-l) t
(1)

subject to n
L d = 1

j=l j(t)

- 4.1 -
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where = demand for fuel of type i, i=l,n,

= market insensitive or lock-on portion of fuel ~
dictated by the present facilities and processes.

A.
J.o

A••
J.J

P.
J

u.
J.

=

=

=

=

=

=

growth of total energy demand due to output
expansion,

allocator of market-sensitive fuel demand to
fuel type i,

constant for fuel type i

response parameter on allocator for fuel type i
due to the effect of price of fuel j,

price of fuel j,

upper bound for fuel allocator, 0 ~ U
i
~ 1.

Equation (1) represents the total demand for fuel type i at time t which depends

on a 'lock-on' and a market sensitive demand. The 'lock-on' demand indicates the

basic non-replaceable fuel requirement and is a technology factor. It may change,

but is,not, at least in the short run, directly responsive to economic changes.
n

The term i: (l-b j ) Yj(t-l) represents the current year total replaceable demand
j=l

for all fuels.

The term G represents the exogenous net growth in total energy demand, deter­
t

mined by changes in (specific) industry output and its energy intensity. The net

growth and existing substitutable components represent the total market-sensitive

demand to be allocated among fuels. The allocator d i is formulated as a function
n

of relative prices among fuels subject to the constraint that L d. (t) = 1. This
j=l J

constraint reduces the number of fuel substitution equations by making one fuel

source fill the energy requirements remaining after demands for all other fuels have

been satisfied. An upper constraint Ui can also be set ~or the allocator d
i

as in

equation (2). In most instances, U
i

is set equal to 1.

The'model cannot handle cases of declines in f~el usage, e.g. slow-down in pro­

duction activity due to shrinking product markets. This is because application of

- 4.2 -



the fuel allocation to negative growth is contradictory. In cases of industry

shrinkage:, fuel demands are reduced proportionately according to output reductions

and previpus year fuel mix.

Parameter Estimation

An estimation procedure is required to derive the 'lock-on' coefficient b
i

and allocator di - Rearranging terms in equation (1):

(4)

Because there is no constant term in equation (4), ordinary least square regressions
I '.

through t~e origin were used for estimation. Only (n-l) equations were needed to

estimate parameters for n substitutable fuels. The dependent variable is Yi(t) and

the i~dependent variables are Yj(t-l)' j=l,n and G(t)- The unknown parameters

(bj and di ) can then be derived from the estimators •

. Source of Data

The MEA; project worksheet accompanying the contract specified a first stage fuel

substitution model built with data from the natural gas curtailment list and second-

ary sources of information_ However, available data were found insufficient for the

62 industry sector detail specified to MEA. Model building was deferred until survey

data were collected.

A fuel use and intentions survey of industries in Region III was conducted in

1978 as part of an economic survey by the University of Minnesota. Tne Survey form

included inquiries on the consumption of natural gas and substitutable fuel in 1976~

and expected fuel requirements from 1979 to 1985 (See Appendix 1). Responses were

mixed and suhstantial editing was required. Useable data were then grouped into

'industrial sectors upon which parameters of the fuel substitution model were es-

timated. A transformation into 53 sectors was attempted viithout reworking the

'"':" 4.3 -



data and running regressions, given the time and manpower constraints of MEA

forecasting. Table 4.1 shows the parameters of the model for the 53 industry

sectors. Appendix 2 presents the regression results on survey data.

Forecasting Uses

In forecasting, estimates of the parameters are used to split primary energy

requirements into" requirements for various fuels, i.e. natural gas, fuel oil and

coal. Industry growth forecasted by SIMLAB translates into additional energy re-

quirements through industry-specific energy intensities (Figure 4.1). These are

combined with substitutable components of current year consumption and allocated

among fuels based on relative fuel prices. Forecast fuel consumption is the sum of

the present "non-substitutable component, and the additional requirements due to

fuel substitution and industry growth. Further, short term price elasticities and

fuel price projections (Appendix 7) are applied to the estimated fuel requirements

in order to account for price-induced conservation in industry. Mandatory conserv-

ation measures can also revise future energy intensities.

Energy intensities are calculated for each forecast year in order to account

for different efficiencies of fuel use (Appendix 3) and secular gains in energy

efficiency wfth price induced-conservation. In addition; fuels used for electric
)

generation are not included in the allocation framework. It was assumed that present

seif-generation facilities will be maintained, coal being its primary fuel. Industry

growth will require additional electric energy which will be purchased from electric

utilities.

The fuel substitution model was written in'to SIMLAB II by MEA Forecasting.

, Industry d~mands for natural gas, fuel oil and coal consistent with output projeet-

ions of sn~ are produced (Table 4.2). However, the quality of the forecast

suffers from inaccuracies in transforming data and parameters from 62 industry

sectors to 53 sectors." Energy intensities may be understated because induitrial
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Table 4.1 Estimated Parameters of the Fuel Substitution
Model, 53 Industry Sector, Copper Nickel Area, 1976.

.·I-----------------~--------------------
~furket AllocatorsLock~On Properties

01 b2
Natural Gas Fuel Oil

dl
Natural Gas

d 2
Fuel Oil

o

0

0

CJ
-

0

0

0

0
0

eJ

0

t)·fC>3 <-1- -
0

0

0

0

t',63S

/)·631;;'
0

6

0

0

0

0

O.£.f30
--

0

/·0 "0 -0 /.0

/.0 /-0 0 /.0 - -
/·0 /.0 0 1_ t:J

t? c;t1f1:, /. (} o·$'..z 7 0.173
/.0 ().~3 <; ()·::Z.J/'o O.WO

/. t) /).639 O':(LlO tJ· :ijJo

/.0 tJ·{:;39 0.:1-'/..0 tJ .:ZOo

I· (7 /.0 0 1·0

/·0 /·0 0 Id>

I· 0 (·0 0 1.0

/.0 t· 0 0 I·~

I \,.0 /.0 0 {.o

I
..

/.0 f.t;J 0.86/ 0·/39
/.0 ;'0 0 (.0

f·O I /.0 0·603 0 ..:197
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consumption in Douglas County, Wisconsin are not included. In addition, low

responses and poor quality of survey data cast some doubt in attaching confidence

intervals to the estimated parameters and forecasts. Sensitivity tests were not

pursued due to these difficulties.

Thus far, the effort demonstrates the feasibility of building an economic-

energy demand model for an economic area. Parameters of the fuel substitution

model can be reestimated for the 53 sectors, revised data inputted into the sub-

routine, and this SIMLAB version rerun to forecast fuel demands. A computer

printout of the fuel substitution subroutine is given in Appendix 4•

.: I

,
/
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Table 4.2A Industry Fuel Demands and Gross Output Projections,
Copper Nickel Area, 1976 .
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Table 4.2B Industry Fuel Demands and Gross Output Projections,
Copper Nickel Area t 1985.
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Table 4.2C Industry Fuel Demands and Gross Output Projections,
Copper Nickel Area, 2000.
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4.2 Residential Fuel Demand Model - household demand for natura~
fuel oil, propane and electricity.

The work agreement did not require a residential, gasoline or electric

demand model. However, an increase in population with taconite expansion and

copper nickel development will require additional housing, i~creased travel de-

mands and other activities that, in turn, will require additional fuels. An end-

use residential model was built by MEA forecasting for the region, requiring data

on present housing distribution, forecast growth in number of households and

settlement concentration with respect to th,e n?tural gas supply network. Only in

this manner will forecast energy demands by the residential sector be specified .
•• ,1

accor~ing to fuel type.

Demographic-economic inputs to the' forecasting program, which should necessarily

come from SIMLAB, are specified in Appendix 5. The State Demographer's forecasts of

household numbers and assumptions on rural-urban distribution of new households were

used to show'that the computer program is operational for attachment to SIMLAB.

Since t~e example forecasts were based on demographic economic growth conditions uot

generated by SIMLAB, they cannot be interpreted as fuel demand forecasts for the area.

Unfortunately, the sn~ baseline forecasts do not include the variables:

(1) Number of households

(2) Total Personal Income (1967 $)

(3) Temporary housing needs for construction crews

Forecasts of population, labor defland and labor earnings could be converted to

the predictor variables required by the residential fuel demand model. MEA does

not take responsibility for this effort; but a computer program listing is included

in this report in case the University decides to attach the residential model into

SIMLAB (Appendix 6).
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Estimates of 1976 housing stock and residential sector fuel demand.
Housing stock by fuel type.

Estimates of 1976 fuel consumption by households in the area were obtained

by projecting 1970 housing types and fuel use to 1976. Rousing types are broken

down into (1) one and two units for single family houses, (2) three and over for

multi-units and (3) mobile or trailer homes. Construction permits provided data

on new housing types, while procedures to adjust for incomplete coverage of housing

permits, renewal rates and conversions were adapted from Office of Local and Urban

Affairs, State Planning Agency, Minnesota Housing Needs, Housing Resources and

Housing Resource Distribution Plans.

Energy requirements for space heating,water heating, 'cooking, clothes drying,

lighting and other uses were estimated for these types of housing units (See Table

4.3). In forecasting, price elasticities and price projections are used to account

for consumer voluntary conservation (Appendix 7).

Specifically, the following procedures were used:

(1) From the 1970 Census of Housing county data, all year-round

structures classified under mobile homes and multiple units

were multiplied by their vacancy rates to estimate occupied

numbers of these housing types (Table 4.4). These occupied

units were subtracted from total occupied u~its to estimate

single family (1 & 2 unit) occupied ,structures in the area

for 1970. The distribution of fuels among o~~er-occupied

units in the various counties were applied to the single

family and mobile home stock. Similar distribution for

renter-occupied units were used for the multi-unit type.

- 4.12



Taole 4.3 Esti~ated Fuel Requirements by the Residential
Sector, Copper Nickel Area 1976

End Use Natural Fuel LPG Elec Others
Gas Oil

(million cubic feet) (million gallons) (million kwhrs) (billion· BTU)

Spaceheating 3765 98, 21 212 423
,',

/J'
485Water Heating 656 4

,;....-

Cooking
~,: 189 1 141

J

Others (clothes, 145 75
drying)

''rotal 4755 98 26 913 423

,
..'
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Table 4.4 Estimated Occupied Housing Units By Type,
Copper Nickel Study Area, 1970

1970 All Year Round Units Vacancy Rate* '. 1970 Occupied Units
'.

~

Single Hulti Mobile .
Family UI\':h1= Homes Totnl

' "

" lv1U HH SF * 'HU 1-ffi T( _a1\.

Aitkin' 4867 139 142 5r48 5% 1% 3605 132 140 3877
i

Carlton 7923 431 356 8710 5% 1% 7352 409 352 8113

Cook 1263 . 54 83 ll}OO 5% 1% 1041 51 82 1174
-

'Itasca 11,105 641 536 12282
"

5% 1% 9610 609 530 10749

Koochiching 5050 635 . 255 5740 5% 1% 4360 603 252 5215

Lake 3899 288 266 4LI 53 5% ; 1% 3415 274 263 3952

St. Louis 61,513 11,289 1945 747/+7 5% 1% 57527 10724 1925 70176

Subtotal 95,620 13,477 3583 112680 86910- 12802 3544 103256
.....

-
Doug1a:s . 12415 2430 621 15Lj 66 5% 1% 11286 2267 615 14168

"".. ;.;,

Total 108035 15907 420/+ 128146 98196 15069 4159 117424

Sources:- U4 S. Bureau of the Census, Census of Housing: 1970 Detailed Housing Characteristics
(Final Report HC(l) 3-25 Minnesota.·' U~ S~~Covernment Printing Office, Washington DC 1972.

- Office of Local and Urban Affairs, State Planning Agency, "Minnesota Housing Needs, Housing
Resources and Housing Resource Distribution Plans" St. Paul, Minnesota 1976.

* Estimated by subtracting occupied' multi-units and mobile homes
from 1970 total occupied units.
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(2) Single family occupied units estimated in 1970 were

adjusted for demolitions, new construction, and con­

versions for the period May 1970 to December 1975.

Demolitions and conversions reduce the ~ousing stock.

Removal rates from the Minnesota Housing Needs 'study were

applied on the stock of single family housing and then

allocated over fuel oil and other (wood, etc.) heated

houses according to their 1970 distribution. The 1970

stock of natural gas, LPG and electric heated homes were

assumed relatively new and therefore kept in the 1976 count

of houses.

Conversions from single family units to apartments were

estimated by taking the Minnesota Housing Need~ Study es­

timates of 1970-75 conversions for Region III (prorated to

include Douglas County), and divided by four on an assumption

that an average of four apartments are partitioned from a

converted single family' unit.

Additions to single family stock were derived from construction

permit data inflated 5% for incomplete coverage of housing per-

mit issuing places and adjusted downwards 2% for non-constr~ction

of permitted units, according to' the M:i.nnesota Housing Needs Study'.

The additional units were distributed among fuels; first to natural

gas according to the percent of population served by gas utility

companies in those counties, and the remainder to fuel oil or

electric according to 1970-75 sales of heating furnaces in the

state.
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It was assumed that new units on LPG would eventually shift

to nat·ural gas or 'tvould have mul tiple uses, on a farm, e.tc._,

to qualify for quantity discounts. Due to its low heat con­

tent, LPG is an expensive space heating fuel and new install­

ations are observed in areas anticipating na~ural gas service.

Further, wood and other fuel were considered supplementary

fuels in new units; oil or electric units installed as backup

systems.

(3) The number of multi-units were reduced for demolitions accord­

ing to the }linnesota Housing Needs Study, and increased for

conversions and new construction between May 1970 and December

1975. The fuel split of 1970 stock, additions and conversions

by fuel type were estimated following similar procedures as for

single family homes above.

(4) The number of mobile homes were reduced from the 1970 count of

occupied units for demolitions,·while additions between May 1970

and December 1975 were adapted from the Minnesota Housing Needs

Study. The split into fuels followed similar procedures as in

single family units.
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Table 4.5 shows estimated number of residential units in the area by housing

type and heating fuel for January 1976. Further. water heating t cooking and

other uses were allocated among units ac~ording to t~:a following:

(1) Eighty-eight percent of all units on natural ga.s usa this

fuel for water heating and other uses (clothes drying). Twalva

percent· of natural gas units were estimated to have electric

ranges, and thia proportion may increase with rising incomes.
I ,

(2) Fuel oil and electric heated units usa electricity for

water heating, cooking and other uses. Units on wood.

coal. and other fuels were also assumed using electricity

for non-space heating uses.

(3) LPG was ass~~ed to provid9 energy for water heating, cooking

and other uses (clothes drying)as well as space heating.
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Table 4.5 Estimated Number of Occupied Residential Units

by Type of Heating Fuel, Copper Nickel Study Area, 1976

Fuel Type Single Multi Mobile Total
Family Units Homes

Natural Gas 16,252 5,917 1,288 23~457

Fuel Oil 67,407 10,027 4,371' 81,805

LPG 9,518 1,270 783 11,571

Electric 5,981 2,511 1,395 9,887

Others 2,177 0 271 2,448

Total 101,335 19,725 8,108 129,168

,
,/
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The rates of renewals and conversions used in estimating 1976 stocks

were assumed to hold also for the forecast period.

Structure of the Residential Fuel Demand Model

The heat requirements for various fuels were applied to the 1976 stock in

order to estimate fuel requirements by the residential sector (Table 4.3). In

forecasting, new buildings were assumed better insulated according to the new

energy building code. Future renewals and conversions were taken entirely from

1976 stock. In addition, fuel specific 'price elasticities estimated for U. S.

Region V by the Department of Energy (in Appendix 7) were applied to translate

fuel requirements into fuel demands for the forecast period.

Fig. 4.2 shows the updating and forecasting procedures of the residential

model. Application of short term price elasticities and price projections convert

fuel ~equirenents into fuel demands for all energy sources except wood, coal, and

misc. fuels. Electric energy demands for space heating and water heating were

forecast by the residential model, while a residential electric demand model pre­

sented in 4.3 below was used to predict electric demands for all other uses.
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Fig. 4.2 Residential Model - Copper-Nickel Area

jFuture Types of new hous~ng (DRI) I

I 1970 Housing Stock 1 1970 Housing Census owner;

occupied, rented heating fuel...... types.

'Construction Permits l(Census)

\,

IRemoval, Conversion rates1976 Housing Stock (SPA) I
LI

......--' "NaturalI f;:~ gas service areas,
/1

.~ .../1 · furnace sales (HEA)
I ,
t '1 Household Projections (SPA) II

V
I
I

[Short term Price Elasticities (DOE)

----I New Building Codes
-I .

[l End-use Energy Intensities I
(l1EA - Minnegasco)

Forecast Hqusing Stock by
type of housing & heating
fuel. -

\./

Forecast
Natura.1 gas
Demands

•

I
Forecast
Fuel Oil
Demands

I
Forecast
LPG
Demands

I
Forecast Non-Space heating,
Electric Non-water he~ting

1----1
Demands Electric demand equation

Forecasts requirement.
for other fuels

(DRI)
(DOE)

(Census) U. S. Bureau of the Census
(SPA) ·Minnesota State Planning Agency
(MEA) Minnesota Energy Agency
(NEA-Hinn-

egasco) Hinnesota Energy Agency Estimates
for the region based on }Knnegasco
Study and degree day differences
Data Resources, Incorporated
U. S.· nepartment of Energy
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Forecasting Uses

The residential model forecasts fuel and space heating electric energy

demand based on housing structure types, energy intensities and consumer re-

sponses to rising prices. Table 4.6 shows fuel demand forecasts for the'residen-

tial sector based on demographic-economic inputs in Appendix 5. The effects of

new building codes and consumer responses to rising fuel prices constrain total

Btu demands under the baseline scenario. Shifts among fuels are evident, as new

units are built in urbanized natural gas service areas. Fuel oil, LPG and elec-

tric units also conserve energy. Such forecasts will change, however, given

alternate predictions on number and location of new housing ~nits. Fuel oil and

electricity demands will rise faster than natural gas should new units be re-

quired in non-urbanized, non-natural gas service areas.

In addition, forecasts without the effects of new building codes or responses

to increasing energy prices show that net conservation savings are not enough to

reduce consumption in the area, given State Demographer household forecasts. Larger

population changes due to rapid resource developments will increase fuel demands

dramatically, offsetting conservation savings from new building codes and rising
~

fuel prices.
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Table 4.6 Fuel Demand Forecasts for the
~~sidential Sector, Copper Nickel Region, 1976-2000

Electric
Year /I Households Natural Gas Fuel Oil LPG space heating Total

(million cubic feet) -(million gallons) (M-kwhrs)
. ~Baseline (new building codes,

price responses)
1976 130,983 4755 98 26 212 915

1980 137,384 5421 96 25 242 970

1985 144,965 6111 93 24 272 1042

1990 .147,667 6277 90 22 271 1095

1995 146,695 6216 86 21 273 1144

2000 145,306 6218 84 20 271 1213

" Business as Usual

1976 4155 98 26 212 915

1980 5465 96 25 244 976

1985 6166 93 24 275 1048

1990 6339 91 23 280 1101

1995 6280 87 21 275 1150

2000 6285 85 20 274 1220

- 4.22 -



• I'

4.3 Electric Energy Demand Models

Minnesota Power and Light Company (MP&L) supplies 84% of all electric energy

sold in Region III. Other suppliers for the area are municipal electric utilities

and Superior Light, Water and Power Company for Douglas County~ Wisconsin. In

estireating forecasting equations for residential, commercial~ industrial and other

sectors, }~&L data were used ·entirely because this utility was able to break down

electric energy sales according to MEA definitions of commercial and industrial.

Other utilities report sales for these categories but their classification system

is based on rate structures. Thus, large comm~rcial customer's appear as indus­
./-'"

trial while small industrial users are classified as commercial. MP&L made a

separate tabulation to provide the. Minnesota Energy Agency with .1960-1976 sales

. according to user class rather than rate structures.

In its 1976 Certificate of Need application for a large electric power gener-

ating facility, MP&L presented user class demand models. Using }~&L consumption
:'

data for the reasons outlined above, }ffiA constructed more detailed demand models

for the same sectors. A discussion and,corrparison of the respective models follows

forea~h user class.

Residential Electric Energy Demand

Farm and nonfarm residential consumption represents only 14% of 1976 electric

energy sales by MP&L. In its Certificate of Need application, this utility used

an annualized growth rate equation to forecast future residential sales:

Ele'i\ ,e =
n

BG
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where Elec ::I electric consumption by the residential
R,t sector at time t

B ::I base year electric consumption by the
residential sector

G == growth rate of residential electric
consumption

n = number of elapsed years betwe'en base
year and forecast year

This equation was fitted to historical data using regression techniques in order to

derive the growth rate (G). In forecasting, base year (B) was pegged at the 1975

level, the growth rate was reduced 1.2 percent for conservation and (n) was varied
I /,

according ,;to the forecast year,. Since the residential sector is a minor portion

of'the'load, errors from this procedure, i .. e. noncontinuation of historic trends,

would not be a 'criticai factor affecting the req~est for need certification of a

large power plant. Residential space heating would be an important addition to

load, but HP&L is not encouraging growth in this end use. The utility justified

its request for certification primarily on projected growth of the mining-taconite,
,/

processing ,industry.

'The MEA fitted a residential electric energy demand equation to 1960-1975

data from MP&L:

**
11.446 (11Y) - .0890 In P + 0.312 In ER,t-l

Rt Rt
**In En = 1.998

.1:'.. , t

(0.974) (5.953)

R2 = 0.976

(.085)

F = 152.667

(.329)

D.W. = 2.157

where E
R,t

= residential electric consumption per
household, year t

= real personal income per household
for region III, year t.

= real marginal price of ~lectricity to the
residential sector, year t
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This equation assumes saturation of electric appliances through long term

diminishing effects of incremental income on consumption. In other words, expon-

ential grQwth of electric consumption occured because rising incomes led to pur-

chases, accumulation and increased usage of electric appliances. As the number of

appliances approach a saturation level, further increases in household income can

have smaller effects on electric consumption.

The adverse effect of rising marginal price on consumption was expected but

the coefficient was not significantly different from zero. There were periods

during the historical series when marginal price of electricity to residential

customers did not rise as fast as inflation. As more current observations accumu-

late, measurements on price effects may become statistically valid.

Previous year electric consumption was included as a predictor variable for

current year demand in recognition of rigidities in tastes and habits as well as

normal replacement of appliances.

The residential model includes electric space heating, water heating, cooking

and other (clothes drying) uses, but uses other than space heating and water heating

appear more discretionary and can be modeled using income, price and previous year's

consumption as determinant (or predictor) variables. Data were available only from

1960 and 1970 housing censuses so that annual extrapolation using compound growth

rates was done only for electric space heating and water heating. Energy require-

ments for these purposes were estimated and subtracted from residential electric energy

demand. Regression was performed on estimated electric consumption exclusive of space

heating and water heating:

1 ** ** E
1In E = -0.062 + 13.897 (l/Yt) + 0.391 In P + 1.291 In

R,t . Rt R,t-l

(1.386) (7.844) (O~337) (0.288)

2 F 15.884 D.W. 1.84R = 0.812 = =
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where =

y =
R,t

p =
R,t

electric consumption per household except space
heating and water heating, year t

real personal income per household in the region~

year t

real marginal price of electricity to the
residential sector in the region~ year t

The response coefficients on real income and marginal price showed the wrong sign.

Linear-log forms were fitted but the signs of the coefficients remained contra-

dietary to consumer behavior. It appears that extrapolations to remove the electric

space heating and water heating components of residential consumption distorted the

relationships. When better estimates of these end uses become available, the model

can be tested appropriately.

Alternatively, the model fitted to total electric consumption was reestimated

without the price variable:

In E
R,t

= **1.572 **- 7.511 **(l/Y ) + 0.544
R,t

F = 226.684

(0.889)

R
2 = 0.970

(4.631) (0.244)

D. w. = 1.878

This equation measures the effect of rising income and consumption rigidities in the

region. In forecasting, the intercept should be adjusted for electric space heating

and water heating for the base year 1976 in order 'to limit forecasts to other end-

uses. The income coefficient may, still overestimate consumer response because the

data used in the regressi?u includes all uses., The space heating and water heating

components are handled systematically by the residential fuel demand model. In

addition, response to rising prices can be included using short term price elastici-

ties estimated for U. S. Region V by the Interface Model of the Department of Energy

(Appendix 7).
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Commercial Sector

/.:'......

MP&L used the same exponential growth rate equation for the commercial

sector as in the residential sector to forecast electric consumption. The 10-year-

averaged growth rate was then reduced 2 percent for corise~~ation.

MEA fitted an equation to electric energy demand by the commercial sector:

In E -09158** + 0.3885** In EHPc t -0.2959 In P **= + 0.7443 In Ec,t , . c,t c,t-l

(0.5093) (0.1214)
I

(0.1197) (0.0859)
,"

RZ'= 0.995 F = 763.768 D. W. = 2.059
/-

where E = Electric consumption by the commercial sector at year t
C,t

~~ = Employment in the commercial sector at year t
c,t

P = Real electric price to the commercial sector at year t.
C,t

The estimated price coefficient was negative, but statistically insignificant.

Strong corr~lation e~isted between the price variable and previous year~ consump-

tion.Dropping the previous year consumption variable yielded positive serial

correlation (D. W. = 1.733). A linear filter was employed by regressing the

residuals against their lagged values. The coefficient (equal to 0.708 on a

regression fit forced through the origin) was used to reformulate the equation:

In E = -3.550** + 1.344** (In ~Wct - 0.071 In EMPct- I )
c,t

(0.946) (0.138)

-0.643** (In Pct - 0.071 In Pet-I) + 0.071 In Ec,t-l

(0.252)

2
R = 0.959 F = 140.544 D. W. 1.883

This function can be used to forecast electric demand by the commercial

sector. Price,effects including short term price induced conservation are

handled ay the model.
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Industrial except Mining and all other categories

.
MP&L neveloped forecasts for these categories

"on a company-by-company basis through personal contacts,

except for three miscellaneous groups. Historical records

have shown that the central and western miscellaneous groups

(of MP&L) are quite stable, therefore, only very nominal

growth has been given to these groups. The northern region

growth rate has been increased to about 1.0% to reflect
j,

t~coni'te industry." (MP&L and UPA, Application for Certif-
-.1

1

~additional growth of facilities to support the expanding
...;...~"

.. ,ri
.~ /'

icate of Need for a Large Electric Generating Facility,

1976).

MEA built an electric energy consumption model for this sector by relating

consumpti~n to employment in selected industries in the area and the ratio of

real l~bor wages to marginal price of electricity:

**'In Const
t

+ 0.254** **= 21.831 + 0.968 **1~ Foodt + 0.277 In Lumb
t

+ 0.491In E
I,t

(4.809) (.165)

R2 = 0.957

(.094)

F = 40.053

(0.332)

D. W. = 3.096

(0.200)

t!..age\
In'--~'

\Pricet
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where E = Electric consumption by the industrial sector except
It mining, year t

Const t = Employment in Construction, year t

Food Employment in Food processing, .year t
t

Lumbt = Employment in Lumber products, year t

~~ Ratio of real labor wage to real marginalPr1ce =
t price of electricity for the industrial

sector, year t

Since consumption is determined by the mix of industries, this form provides a

method of linking differential industry growth to industrial consumption. Real
--',-- ---- - _.~-.-

-...marginal price i~- als~ postu~~ed~o affect indu~trial demand-s- 'bOy "~av of p"1;'i~e~ _~:

induced substitution between energy-using capital and labor. However, the

Durbin Watson statistic (D. W. = 3.096) was high, indicative of serial correlation

problems. Selected industries represent only those with employment growth posi-

tively related to industrial electric consumption. This resulted in incomplete

coverage of the industrial sector. Hence, the objective was limited to estimation

of the effects of changing labor/electric price ratios on industrial electric

F = 40.920

consumption:

** **In E = 0.852 + 0.383
mt

(1.416) (0.241)

R2 = 0.872

~
age ]_ m

In -­
pricem t

D. ~v. = 3 If 350

A linear filter was applied but results were not satisfactory; the price coefficient

changed signs.

The formulation above implies that a 10% increase in the real labor wages-

marginal electric price ratio would cause a 3.8% increase in electric demand by

the industrial sector. Real wages increased while real marginal electric price

fell during the historical period, prompting industries- towards energy-using

capital.
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Iron Mining.
"In 1975, MP&L provided electric service to four taconite

facilities with a total taconite pellet production of 19

million tons ~7% of total). By 1985, MP&L is projecting

sale of electricity to seven taconite plants with a total

production of some 57.4 million tons." (Minnesota Power &

Light Company and United Power Association, Application

for Certificate of Nee~ for a Large Ele~tric, Generating

Facility, October 1976).

In 1976, MP&L supplied 2.5 billion bvhrs or 55% of total electric energy

sales. It is expected that mining companies will purchase all additional

electric power required in new taconite processing plants for the following

reasons:

"because fuel would be more expensive than that obtained

in larger quantities by MP&L; because all of their equip-

ment would be newer and therefore more expensive than MP&L

capacity, part of which is older; because generating units

owned by taconite companies would be of small, uneconomical

size; and because they would necessarily be forced to supply

their own backup, or contract' with I1P&L for backup, since

they couldn't afford to let ,their taconite plants stand idle.

Also, the cost of pollution control equipment on small units

is higher. (Directors decision ,in the matter of the applica-

tion of l1P&L and UPA for Certification of Need for an 800 l1W

electric generating facility, p. 13) April 5, 1977).
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Reserve Mining Company and Erie }lining Company generate some 1243
:...

million ~Jhrs for their use, but

"Reserve has gained approval to dispose of its tailings

at an acceptable on-land site, Hile PosOt 7. Previous

testimony from Mr. Sandbulte indicated that if approval

were to occur, MP&L expected to contract with Reserve

and

for about 35 megawatts".

Gartzke, p.6.).

(Direct testimony of David G.

/.

0, •

I .
",',..

"Mr. Evanson, witness for Reserve Mining Company,

testified that because of the age of their two gener-

ating units (50 and 80 megawatt units), Reserve plans

upon purchasing 80 megawatts ••• in 1978, MP&L and

,/ Reserve will enter into a firm power contract for the

10 megawatts due to load growth and pollution control

facilities on their generating facilities" (Ibid. pp. 6-7).

Erie Mining Company

11 generates its own power at Taconite Harbor. How-

ever, like Reserve, their units are old and are required

to operate at a high capacity factor due to the production

requirements. tt (Ibid. p. 7).

Replacements of self generated power were later excluded in the }IT&L

forecast because

"It is speculative at this time to state with certainty

that the operation and maintenance 'expenses on the old
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units would exceed the cost of purchasing power from

MP&L in the years shown.in the forecast submitted in

the application. Therefore, the 18 megaw~tts in 1985

and the 37 megawatts thereafter have been removed from

the forecast" (Ibid. p. 7).

The application was rejected by the Director of the Minnesota Energy Agency

on April 5, 1977, with noncommittal of mining companies as a primary reason:

"No witness from any mining companies appeared at the

hearing to give testimony Fit~ regard to anticipated

.,p:"-
.•• ,1 ,.f

.:1
plant expansions or new mining operations. These

witnesses would have been the most reliable sources of

information regarding the expansions. Tneir failure

to appear means that only heresay evidence is in the

record to support the proj ected taconite demand •••••n

./ (Directors Decision April 5, 1977 E..E. cit) .

.: Additional hearings were held where representatives of mining companies

presented testimony on their expansion plans and future purchases of power

from }W&L. Based on these testimonies, }~&L revise~ its sales forecasts to

mining companies.

Copper Nickel development is expected to offset future reduction in

energy demand by the declining natural iron ore mining.

"Mr .M2ileolm, Proj ect Manager of t,he MINNAi.'1AX Proj ect,

testified that they were still, in the evaluation phase,

and that the level of production would depend upon re-

suIts' of their studies~ The power requirements, depend-

ing on the production sides as testified no by Mr. Nalcolm,

range from 90 megawatts to 160 megawatts. The simple aver-

age of the end points of this range would be 125 megawatts.
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Mr. Malcolm testified that the production, facilities

could be completed by 1985." (Direct testimony by

David G. Gartzke ~ cit, p. 8.).

In this study, MEA forecasts electric demand by iron mlning companies

based on industry growth, improvements in energy use and retirements of company-

owned generators.

(I) Scenario 1 is a high growth condition where }~&L forecasts were

adopted for expanding iron mining companies. Erie and Reserve are assumed to

retire all generating facilities.

(2) Scenario 2 revises the electric energy intensities based on the

-(1970-75) observation that energy intensities decline with higher levels of pro-

duction. A curve fitted to 1970-75 electric energy intensity data of mining

companies shows significant effects of the production level on energy inten-

sity (Fig. 4.3). The plot shows significant returns to scale above 6

million tons production. The future electric intensities were averaged over

three si~e pla~ts and applied to additional production from expansion plans:

Electric Intensity Taconite Production
(Kwhr/ton) (million tons/year)

(a) 117.132 below 6

(b) 91.068 6-9

(c) 87.711 10 and above

Production rose rapidly in 1973 resulting in reduc"ed electric consumption 'per ton

production. In forecasting, the lowest electric intensities of each mining
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company during the 1970-75 period were assumed for existing plants. Pro­

duction expansions plus rising electric prices could result in reduced elec­

tric intensities. Erie and Reserve electric power purchases were adapted from

MP&L forecasts.

Between 1986 and 2000, electric energy intensities are maintained at 1985

levels. Thus, additional electric purchases will increase only as fast as out­

put growth. The growth of steel demand (and taconite production) is forecast

at 1.6% per year after 1985. (Direct Testimony of Horace T. Resso, p. 5.).

(3) Scenario 3 was derived fromMP&L revised forecasts on coinci­

dent demand for winter seasonal period.

Table 4.7 shows MP&L forecasts of electric purchases by iron mining compan­

ies. Estimates for 1985 are lower than MP&L if efficiency improvements were

instituted by mining companies (Scenario 2). On the other hand, forecasts 'viII

be substantially larger than MP&L if Reserve and Erie decide to retire their

old generating plants (Scenario 1). Also, ~P&L is allowing for 125 MW power for

copper nickel development, generating some 931 million kwhrs per year (Scenario 3).
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Table 4.7 Forecasts of Iron Mining Electric Energy Demand,
Copper Nickel Area (million kwhrs).

1976 1980 1935 1990 1995 2000
Scenario 1

Taconite Companies 5663.0 7077.0 7661.6 8294.4 8979.6
Reserve-Silver Bay 595.7 1228.1 1330.1 1440.0 1558 .. g
Reserve-Babbitt 74.5 74.5 80.6 87.3 94.5
Erie 0 134.0 298.2 322.9 349.6
Tote1 2500.8 6333.2 8513.6 9370.5 10144.6 10982.6
Copper Nickel

Scenario 2

Taconite Companies 4958.8 5737.5 6211.4 6724.5 7280.0
Rese~le-Silver Bay 595.7 595.7 675.7 762.2 855.9
Reser7e-Babbitt 74.5 74.5 80.6 87.3 94.5
Erie 0 0 0 0 0
T0tal 2500.8 5629.0 6'407.7 6967.7 7574.0 8230.4
Copper Nickel

Scenario 3 (HP&L)

1985* 1986* *1976 1980 1987

Taconite Companies 2500.8 5663.0 7077.0 8235.0 8235.0
Reserve-Silver Bay 595.7 595.7 595.7 595.7
Reserve-Babbitt 74.5 74.5 74.5 74.5
Erie 0 0 0 0
Total 2500.8 6333.2 7747.2 8905.2 8905.2
Copper Nic.kel 0 930.8 930.8 930.8
Total 2500.8 6333.2 8678.0 9836.0 9836.0

* Converted to electric energy from }~~ winter demand (MP&L revised) using sales to
demand ratio in the }~&L and UPA-Application for Certificate of Need for_ a
Large Electric PO~ver Generating Facility, Oct.. 1976.
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Forecasting Uses

Para~ot~rs of electric energy demand equations in this section can be used

to relate future demands to personal income, industry output and energy prices.

It is recommended that these equations be incorporated into SIMLAB in order to

augment the procedure of applying energy intensities.

Figure 4'.4 shows a flow chart of an electric energy demand model for the

region that can be written into SIMLAB. The residential electric demand model

shows the relation of household income to 'electric demands for non-space heating

an~;non-water heating uses. A residential fuel demand model discussed above
.~ t~ ,

predicts electric requirements for space heating and water heating.

The commercial model links employment and electric price to energy demand.

The estimated parameter for marginal electric price and labor wages in the in-

dustry sector except mining can be used to translate additional energy require-
I

/
ments, due to industry growth, into industry demands for electric energy. Thus.

the forecasting procedure may apply electric energy intensities to forecast

industry output and the resulting requirements adjusted for specified changes

in labor wage and electric prices.

The discussion on iron mining electric consumption deals with actual i~-

dustry.expansion plans and returns to scale relationships between production and

electric energy use. Electric energy intensities corrected for scale e'conomies'

may be applied to forecast mining out for SIMLAB.
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Table 4~4 Electric Energy Demand For
The Copper Nickel 'Area
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l •• 4 Gasoline Demand Hodel

Demand for gasoline by private automobiles was modeled based on estimates

of neces~ary travel and recreation-related activities.' Buses, trucks and other

end-uses a~cuunt for 9% of gasoline consumption in the area. Growth of these

modes are linked directly to forecast output of transportation industry sectors.

Modelling gasoline demand at the regional level was heavily constrained by

available data on both historic consumption and predictor variables. State con-

sumption data are available monthly since 1972 but county data are available only

on an annual consumption basis. The monthly distribution for the state was used to

derive average automobile consumption between January and March, when recreation-

type driving was assumed minimal. Divided by total number of cars, this estimated

.average consumption per car for non-recreational (vacation) ,type travel. This

ratio appeared stable, perhaps due to offsetting effects of increasing numbers of

fuel efficient cars and higher average miles travelled.

'')

The number of cars in Region III was multiplied by the state estimate of con-

sumption per car for non-recreational travel. Subtracting this product from total

gasoline consumption by private automobiles in the area yielded estimates of gaso-

line consumption for recreational type activitx

The data generated was used to estimate,for the region, consumption functions

of the type:

Non-recreational gasoline consumption

" * *In C = -4.354 + 0.375 1nRE
R Nt . t

+ 0.850** 1n C
R Nt

(0.124)(3.046)

R2 = 0.972

(0.259)

F = 171.766 D. W. = 2.553

where C
R Nt = Estimated non-recreational travel divided by

region population, year t

E·
R t = Employment in the region, year t
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Figure 4.5 GASOLINE DEMAND MODEL FOR
THE COPPER NICKEL AREA
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Price of gasoline was dropped from the equation because of wrong sign

of the coefficient. This coefficient was not signiffcantly different from

zero. Also serial correlation was a problem, but adding a linear filter did

not substantially improve on the Durbin-Watson 'statistic.

Recreation related gasoline consumption

A ** **l~ ?Vt = -3.472 + 0.743 ,ln Yst

(0.426) (0.532) R
2 = 0.946' F = 194.970 D. W. 2.19

C
where R Vt =

/'

.' 1"1

y
s t

I /,

estimated consumption related to recreation activity
in the area, divided by state population, year t

= per capita income in the state, year t

Price of gasoline and unemployment levels in the state were included and then

dropped from the equation because of w~ong sign and statistically insignificant

coefficients, respectively. Since state population was found strongly correlated
,,

with persoria1 income, consumption was converted to a (state) per capita basis.

Forecasting Uses

'Consumption for commuting, shopping and other non-recreation activity can be
-1l.

related to economic conditions in the region (Fig. 4.5). Price elasticities

~pplied to this end-use will account for consumer responses to rising gasoline

prices. For vacation type activities, per capita personal income in the state may

be used as a predictor variable. The region is a tourist-recreational area for the

Twin Cities and non-region III population. For trucks and other transportation use

of gasoline, energy use per dollar output can he adjusted for price effects and

, nultiplied, by forecast gross output from SIMLAB.

An alternative approach that extends the econometric method by decomposing

furth~r the structure of the model can be tested with more data at the state and

regional level. This approach is outlined in Appendix'S.
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Presently, a gasoline model for the state forecasts vehicle miles and car

registrations. Monthly data are yet insufficient to differentiate between

necessary travel and recreation-related travel.
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ATTACHMENT 1

An Agreement
Beb'/een

The 11innesota State Planning Agency (SPA)
and the

'·11 nnesota Energy Agency (r'1EA.)

Relative to the Regional Copper-Nickel
Environmental Impact Study

For the Purpose of Developing Energy
Coefficients and Examinihg Fuel Substitutirin
PossibJlities for the Copper-Nickel Region

A. Energy Studies (per attached r~EQ Project worksheet)

1. The MEA will develop a set of energy and fuel use coefficients
for major users and industries in the Copper-Nicke1 area for a
1974 base year.. .

2. The MEA \~il1 develop a fuel substitution model for large indus­
trlal users in the region.

3. The NEA will cooperate \'lith the Regional Copper-Nickel Staff
in providing or collecting additional information, data or
technical personnel, upon request of MSpA.

,B. Transfer of Monies

1. The nSPr\ agrees to transfer to ['iEA the sum of fou, thousand
sixty-b';o dollars ($4062) for the above activities ..

2." The MEA agrees to establish a special account for these monies
and shall keep such records as will fully disclose the amounts
and disposition of the above funds~ The procedure developed
must provide for the accurate and timely recording of the receipt
of funds, expenditures and unexpended balances. Upon completion
of the activities listed under paragraph A of this agreement,
~1EA ·shall submit to SPA a complete accounting of the cost
incurred to complete 'these activities and transfer back to SPA
the unexpended balance; if any.

c. Contract Agent

The Executive Dir'ector of the Regional Copper":Nickel Study,
Robert Poppe, is the contract agent for SPA under thi~ agreement.



In witness thereof, the SPA and MEA have caused this' agreement to be
duly executed in their behalf this day of July, 1977.

APPROVED:

Date

Date
2·/J": 77

, t --St," tJ)J~(~~
~ichard c. Brubacher
·1./ COinmissioner of Administration

Date

Approved as to Form and Execution:
\'Vil!iam E. Dorigan

Spect:r l.-ssiSia-rrt l.tto:,ney G2nt;;ral

Date



.. TITLE:

Energy Coefficients and Fuel Substitution Possibilities Copper Nickel Area
T ABSTRACT

In order to project fuel demands in the copper ~ickel region, n bnseline energy
! a~ fuel consuQption cop.trol totals specific by ~ajor consuoers and industry will be required.
! In addition) natio~ : ~olicies affecting fuel prices and end uses will induce fuel shifts

among large users. Hence, it will be necessary to esti~ate fuel shift capab~lities and
intentio~s o~ different industries in the area.

;>itOJE.CT GOAL STATe,lENT

To develop a set of energy and fuel use coefficients for major users and
industries in the copper nickel area for a 1974 base year.

To develop a' fuel substitution reod.el for large industrial users in the area.
To cooperate with HLQC in providing or collecting additional informition,

data or technical personnel, upon request'of rffiQC.

":EPORTS TO as:. PRODUCED

TASK
DESCRIPTION

EXPECTED CO.\1?LETION DATE

1 .. 0 IDeveloP energy and fuel coefficients for maior
indt:stries
Access REIS data for supplier information

. 1.11 Nat~r~l gas consumption data from gas curtailoent,
. thy firm

~12!~;a~~ral~2s cata frOB Census, FEA, other sources by
indt.:stry

1.2 Fuel oil consuBPtion data from Census, FEA, other
sources) by industry

1.~ Coal consumption data from BO~f. Census, FEA~ other

1.4
sou::'ces
Elcct~ic ener£y consucDtion data fran utilities

72bulate. cross check and verify fuel consumption·

i 1 6

I '1
I 2 0
i

data fro~ all sources
D?rjye enerey ~nd fuel coefficient·s, cross check \Jit:...:..h=-- ...-~_1"'---....;;...:.---+_._--..::::::----

In2tional and other studies. . 1
DevpJon flIP] stlbstitl,tiOD code1 f~~u~la~j~o~r~~i~n~d~u~5~t~r~i~e~s~ ~~~~~~~_~__~=--~I .

Ip ~v; P~{ TIP tl'ra1 ~e.-Ur to.iloen t"-,,l!:::...:i~s~t~,-2;..F~E'£cA~--=E~P~C~A~__..:.-j~__. r--=-_t- +- _
industry studies on fuel substitution possibiliti~s

'----!-C....;j,....O'"~c:l.._~,..':..u..rn'rl~,c:~O~)~Ll!.,..a~..[t-~;·-'.nlllrll- +-__---:.__-t__--r -f ~

! 2.11
l
Develo p first stage fuel substitution rnodel.fr0~ I.

1- c- e C 1) n r:Lu:.J:-.-.SO u.r.c..c.s, Cj t J. t p r:: o.d.e.L..-.e-t~y i.e.ld illg--L_
i [industry cnpabilities 2.t national level ·1.
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:21IACQUire list cif large industrial fires froQ U.~~. J I ..
I }~F-A.r-fJ t c 1._" .,--_-+-..J'''--_I- --+ _

I 2.22lchccz \;ith HEQC on list of firms to be surveyed. ' 1
1

1
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DEPARTMENT E_n_e_r_g_y _

AO~IN I~Q':>(P.EV\ 4/77)

~~:>~ ATTACIlHENT 2 STATE OF MINNESOTA C/)! <-

Office Memorandum

TO

FRO:\j

... :: Roy Tull, Don Newell
.. '. .. -- .. - .-,

DATE:~

PHONE: -

,SUBJECT: . Data file from fuel survey of industrial-commercial firms in
. N E Hinnesota. _.~'

--

After yesterday's meeting it appeared that substantial work has
to be done on the data file before we' can use it to build the fuel
substitution model. We would defer running our statistical packages
until your group has completed the modifications and editing of the

.' files.
": ..

Since your group conducted the survey and transferred the in­
formation into a data file, your staff are in the best .position to
make all corrections or completions on the file.

Please immediately notify Ed·~..Tin l;-7hen the data problems he in-,­
dicated to your group has been corrected. We are already past the
deadline for our first draft report to"the copper-nickel project.

cc: Hark Polich



ATTACHMENT 3.1 (

Meeting of August 29, 1977

Participants: Roy Tull, Don Newell, Mark Donaldson, Ernie Venegas,
Edwin Wong, Wilbur Maki

.::- -
c.6_~'/-(,,{..JL/

The purpose of this meeting was to resolve several questions surrounding
the proposed Region III survey. The following resolutions resulted.

1. The economic portion of the East Range survey will accompany
the energy questionnaire. Thus, Ithe:,Region III survey will be
ess~ially the same as the East Range survey.

L''"'
,,'j'"

:2 ..The survey sample will be stratified at the 62 sector (Copper­
Nickel Study classification system) level. The sample will be
drawn on a random basis from the industry firms until the minimum
number of employees have been drawn to meet the 95% ( + .05) con­
fidence internal requirements. This list will then be-submitted
to the Energy Agency who will then determine if enough firms have
been selected to meet their minimum date requirements. If the
ori gi na1 samp1e does not meet thes.e requ i rements, they wi 11 identi fy
the deficient sectors and additional firms (if available) will be
~lected.

3. -The base year selected for both the economic and energy questionnaires
is 1976.

4. The Energy·Agency will identify, by sector, those industries
which will receive the short form (quetions 1,2, and 3 through
1980) of the energy questionnaire, and those who will receive
th~ long form, (questions 1, 2, 3, and 4 through 1985).

If there are any additions to or misunderstandings about these resolutions,
·please contact Don Newell at Copper-Nickel.



Phone; 612-378-7770

October 4, 1977

ATTACHMENT 3.2

RTATE OF MINNESOTA

ENVIRONMENTAL QUALITY COUNCIL
Copper-Nickel Project

138 Hennepin Square Building
2021 East Hennepin Avenue
Minneapolis, Minn. 55413

Dr. Ernesto Venegas
}tinnesota Energy Agency
740 American Center Bldg.
160 East Kellogg Boulevard
St. Paul; MN 55101

Dear Ernie:

Enclosed you will find a summary of our Region III and Douglas County,
Wisconsin sample as it was produced for us by Minnesota Analysis and Planning
System (~L\PS) from their Dunn and Bradstreet listing. As I understand it,
you will review the sample with regard to your data needs and indicate if
and in \vhich sectors the sample may be insufficient. Could you also indicate
which sectors whould receive the "long" form of the energy questionnaire and
which sectors should receive the shorter form.

The East Range survey will be mailed out this week and we hope to mail the
Region III survey in about t'\vO weeks so it is necessary to get' your response
quite quickly. ~ve plan to mail a letter notifying the firms of the survey
about one~veek in advance of the survey mailing. We will follow-up the
the survey mailing with reminder postcards after two weeks and a second survey
a week later if there is still no response.

If you have any questions, let me know. Hope to hear from you soon.

Mark Donaldson
Economic Planner

;

cc: Roy Tull

,MD/JJ

Enclosure

"AN EQUAL OPPORTUNITY EMPLOYER"



SECTOR

ATTACHMENT 3.3

REGION III SN1PLE

NUMBER OF EMPLOYEES
IN S~·iPLE

NUHBER OF FIRHS
IN SA}1:PLE

1. Tiuber Production

2. Ti.:nber Operations

3.

4.

5.

7.

. .
All other Agricultural,
For2stry 2nd Fishery
Products and Services

Iron and Ferro AlIa Ores

Other Xonferrous ~etal

Mining

23

202

174

151

1400

19

4

46

20

33

.1

2

-- -]

8. All 0 ther }lining and
Quarrying

9. Construction

10. Food and Kindred Products

11. 0 ther Lu.,,--:,o2r 3.c..d Furniture

12. P2per and Allied Products

13. Printing, Publishing, and
Allied II.i(:us t r-i es

14. Che~ical ~nd Allied
Products

15. Petroleum Refining and
Rel~ted Industries

16. St,--"'n;~, Cl2.Y,~ Cl;lss, and
C. c.-': L'.;te P'~,::.:l_~,~tS

19 . i~; ':C"': t: ~: r L.cl"LI >~e tal
I:,(~1Js t r i28

23. Fnbricated Xetal Products

24. :>\::hi:~2ry, E:-::cept Elect­
rical

25. Electrical and Electronic
Hachinery

26. All other ~~.:2.i:1ufacturing

2]. Railro.:td 'rr:'ns~l)rtrttion

28. Motor Freisht Transport-
ation and \';Lll'c~housing

29. Othe r T}:,·· ~ .:r', C t.'l. t: ion

30. r.:);.·,~-:i',l L\:,J.l:,~\n...

31. Fl CJ:. tc 1'_,: r:l, i 1. Ll:i.r'.s

12. G~s G~iliti2s

83

502

428

294

862

305

130

165

182

365

757

359

261

217

/.69

215

31

12

56

12

12

2

,," 9

10

3

20

2

19

9

5

8

2

43

15

26

11

3



fP"_

SECTOR NUNBER OF EHPLOYEES
IN SAI1PLE

Nill·illER OF Frill-IS
IN SAHPLE

33. Other Utilities

34. 1-:11olesale Trade, Durable
Goods

35. \'lholesale Trade, Non­
durable Goods

36. Buil¢ing Ma~erials'2nd

HardT....Tare

37. General Nerchandise Stores

38. Food Stores

39. Automotive Dealers

40. Gasoline Service Stations

41 j Apparel and Accessory Stores

42. Furniture and. Home Furnish~~

ings Stores

43. Eating and Drinking Places

4'4 • ~fis cel1;-:.n l2 0 ,J S Rc t ail

45. Finance, Insurance, and
Real Estate

44

340

313

285

346

323

314 I

265

287

269

358

332

308

7

4S

44

48

25

38

41

54

40

30

32

69

67

52. Xotion Picutres

54. Outfitters

320 54

53 18

260 36

248 52

213 47

214 61

32 8

226 32

30 12

366 23

435 2

2000 1

275 37

375 25

333 iO

".-
~~tels and Tourist
Rou:ning 2nd Boarding

\ (

60. ;\.'.'L.

46. EI)tel s,
Courts,
Houses

51. ~iscellaneous Repair Services

55. Health S~rvices

56. Eospit.::lls

57. Education Services

53. O~12r ~Eus~~ent and Recreat­
ion Services

47 • C,aI!1p's and Trailering Parks

48. Personal Services

49. Business Serv4:es

50. Auto~otive Repair, Services,
"::'~H..i Gar;:gcs

·59.
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APPENDICES

lA Fuel Use Survey Questionnaire for the Commercial Sector.

lB Fuel Use Survey Questionnaire for the Industr{al Sector.

2 Regression Estimates of the Fuel Substitution Model for

53 Sectors.

3 Industrial Furnace Efficiency.

4 Fuel Substitution Computer Subroutine Attached to SIMLAB.

5 Data Requirements of the Residential Model.

6 Residential Fuel Demand Model for Region.III and Douglas

County, Wisconsin.

7 Fuel Price Projections and Elasticities.

8 ·An Alternative Approach to Gasoline Forecasting.
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APPENDIX lA

II

.' ENERGY QUESTIONNAIRE I (CO~lliERCIAL SECTORS)
i ij

, "

1. How much energy did you use
in 1976? Please report, by energy
type, the total dollars you spent
and the total energy used in 1976.

J'.: ,.

2. Please indicate your best estimate
of the percentage of energy require­
ments, by year, supplied by each
indicated energy. type. For example,
if in 1976 and 1977 you expect 33%
p~ your total indicated fuel use to
be supplied by natural gas, 33% by
coal, and 34% by fuel oil, the first
two lines in the table would look
like the following example: .

NAT. FUEL
GAS COAL OIL LPG TOTAL

1976 33 33 34 0 100.
197? 33 33 34 0 100.

TOTAL TOTAL
DOLLARS milTS

ENERGY TYPE SPENT USED

Electricity
Purchased kt..7h
Natural
Gas MCF

Fuel Oil Gal

LPG Lbs
,"

Coal Tons

Wood I Cords

NATURAL FUEL
YE...>\.~ GAS COAL OIL LPG TOTAL

1977

1978

1979

I 1980

3. Please indicate your planned con­
sumption of electricity based on 1976
levels (1976=100). For example, if
you foresee a 10% increase in electricity
purchased in 1977 over 1976 the first two
lines should look like the following

jamp1e:
ELECTRICITY
PURCHASED

1976
100.

1977 110.

I ELECTRICITY
YEAR PURCHASED

1976 100

1977

1978

1979
....

-

1980



I -.,..
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ENERGY QUESTIONNAIRE II (INDUST~IAL SECTORS)

I - l
-I

~

ElectriCity
Furch2sed kwh
Natural I IGas }1CF

'Fuel Oil ~ I Gal

I
--

LPG Lbs

Coal j Tons

Wood Cords

~. Ho~ much energy did you use
~n 19761' Please report, by energy
typ2, th2 total dollars you spent
and the total energy used in 1976.

ENERGY TYPE

TaT.A~

nOLLARS
SPENT

TOTAL
UNITS
USED

-TOTALlLPG
NATURA.L I· FUEL!

YElill GAS COAL OIL I
~-~I-~

1977 100.

I I I I

I 1978 100.

1979 I
..... I 100.J'

I I
I

-

1980 100.

1981 I I J 100.

1982 I I I I 100.

1983T-·-- T I
~----

• 100 .

198-:-]

.- .....,

~
t 10O~

r I I
1985 I . I

100.!

EXA..MPLE

1. Please indicate your best esti- I
mate of the percentage of total energy •
require~ents, by year~ supplied by each
indicat~d e~ergy type. For example 7

if in 1976 and 1977 you expect 33%
of your total fuel use to be supplied
by natural gas, 33% by coal, and 34%
~y fuel oil, the first two lines in
the table ~ould look like the follow-
ing exa~p1e: .

[ I N.~::. ICOAL I
FUEL

ILPG -~G•.",~ OIL

~97:l 33 I
33 34 0 100.

H33 M33 34 0

3. Please indicate your planned con­
sumption of electricity based on 1976 IYEA-I(

E!..ECT?... l c::Ii
PURCHASED
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APPENDIX 2

REGRESSION ESTIMATES OF THE FUEL SUBSTITUTION HODEL FOR 53 SECTORS

SECTORS 1 2 3 4

5- .83 ;.01 .83 .88
(.10 ) (.3) (.2)

10 .43 .003 .24 .24 .98
(.07) (. 06:) (.04 ) (.006)

/" . .200 .98j,

(.006)

15-- r .76 a .6:0 .76.: ~

(.06) (0 ) (.47)..;'';.1. ..

16,17,18 .02 .756 .13 .93
(.005) (.06) (. 09)

21 .54 .22 .43 .81
(. 07) (. 06) (.07)

23 i .97 -.4 .72 .99,
(. 02) (. 05) (.02)

38· 1 a 1 1

- 41 .01 1 .9995 .99

~
(.02) (.005) (.013 )

42 .998 -.07 1.06 .99
(. 77) (.04) (.014)

43,44 .97 .94 .94 .85
( .132) (.25 ) (.25 )

47 1 -.003 .14 .99
(.002) (.003) (.06 )

49 .98 -.03 .198 .99
(.01) (.03 ) (. 73)

Standard errors in parenthesis
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A second regression equation is needed in order to
is actually used as an alternate fuel. When thereI ' ~

:H\
,,~ ~
. ~

;
'. ~

":~ t
.;; U ',I
:~; i \\
.~ ~
.~t ~

esti~ate d2 ~hen~coal (indexed 3)~E 1

ar2 3 competlng Tuels: ~

. .,;i ~
- ..:~.

d3 = 1 - d1 - dZ'; / " 'J ~

~Ihen there are only tl'/O fuel s, (natura1 gas and fU~l oil, indexed 1 and 2 respect- -< I
ively) only 1 equation is needed: j,,: .. tt

o' I
°i
~. §
'., I

"

-J



APPENDIX 3

INDUSTRIAL FURNACE EFFICIENCY

Natural Gas -

Light Oil (1 & 2) ­

Heavy Oil (4, 5, 6) ­

Coal -

74-78%

77-81%

78-82%

75-78%

Based on minimum excess air in existing plants. Lower numbers

indicate average plants. Maximum numbers indicate well maintained

plants.

Source: Minnesota Energy Agency, Conservation Division,

Technical Services.



APPENDIX 4

. FUEL 'SUHSTITUTTON CO~rPUTER 'SUBROUTINE: AT.rTACHED· TO 'S'IMLAB

.····LNH, F=EDt'10D
FUEL:309
.IDENT FUEL809 MMe. 78/09/09.
+/ +... THIS MODSET PUT FUEL MODULE INTO SIMLAB2.
+DEC:K :S: I !'12P
+1 U780807.42 (4)

CDMMON/FUEL/YT(56),AA(55,3),DDUM(55,3),YB(56,3),PRICE(3),
lPRATE (:3) ,f: (55, 3>, It (55, 3) ,EIDDL (55) ..

~I 61

+1 2(10 .... ,

~

+ FUEL MODULE CALLED.
+
+1 U780807.142 (640)

COt·ir·10t·i,..··FUEL.·..·\'T (5f,) , AA (55, :::) , DDUl'l (55, 3) , 'iB (56, :::) , PR I C:E C::) ,
lPRATE(3),B(55,3),D(55,3),EIDDL(55)

P F.: AT E ( 1) =1. D:::
Pr.~8TE (2) = 1(06 '
PEI,I.! It'iIi 1

, PPATE C:::) = 1 .. 06
'CALL GETPF(5HTAPE1,6HEDFUEL,O,O)
ItO :::: 2 2 I = 1 , t'1 I :S:
F.: EAIt ( 1 , ) ,'1, ('r' B ( I , .J) , .J=1 , ::::)

322 CONTINUE .
I! 0 :32 1 I = 1 , t'1 1:S:
F.: E AII ( 1 , ) t'~, (B (I , .J) , .J= 1 , :3::' , (II ( r, J 1) , .J 1= 1 , 3)

:~:c~ 1 CCH'1T I i'~UE

-l} 1 U7:::: Ci,:: 14. 47
IF(I.EQ.l0) CALL DVERLAY(6HSIMLAB,11B,12B)

+1 5525..
.....

OVERLAY(SIMLAB,11,12)
PPOGPA~1 'BA:S:E 1 (I

,CDi'lt'10H/t-iAt'IE 1/ I t'iDUSr-1 (67) ,nAt-iE (26) , t'1Ht'iER, nAI-i~R 1
CO:'1i'101'1/A O./A\', A')" 1 , A\'2, DUi'1t'1\' (1) , 1:1:: (12) , Ie (60) , I counT, I DATA (60) ,

+ IDEBUG,IFDPM,IFUTURE(20),IHELP,INI,IPRINT,IYB,
+ I .... E, I 'y'EA~', I I",', 1'1A:~'r.:: 1, t'10DT I t'l~ ~ t'lPP I t'tT, tt IS, ,'1 I :~:t'11 ,
+ r-11 'S: P 1 , no C , f'10 CF' 1 , T, T1, T2 , T:~: ~ T4 , T5 ; T6 :' PHR1.1.1 P1...1 <55)

COMMON/Al/EXPD?T(55),GRDWTHP(S,55) ,PEGMKS(55),REGMKSP(S5),
+. 'REGMKM1(~5),USGD(55),USGOT,T5M(55),T6M(5~),T7M(55)

COi'U'10t'1/A2/CAPO I P (55) :' CAPPAR (55) , EI t'~'",IU I (55) , EI N\"F'H C:,S) ,
+ It'i'·... Lt·1A, It'j'·/f'lAT (55,55'), Itil,,·'Lt'lC, DICAP (55) ,PAeA? (55),

, + PC:HCOF.~ (55) , R r.n".·'D I (55') ,F.' I n'·/F'H (55') , OHR 1.lIPI...1 (55) , AIII~JdF'r~,i~55) .. , _
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+
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-$0

,.::Qr'11'10 r~,/Ft~~:;> B-r ~1f=: H--( 5 5 ~t-;-F:-f-~r'Tt=:-'H? (55) , E: I r-il=' t-t T ;ELrf ~~: I t'1 .:: 5 5) '~ ELri ·S: or,dt'i (55) ,
E>::O()FD (55) , E>::OGFDR (55) , E;:'::OC~OTT, E>::OI30UT (55) , E::-:;POPTT"
FD(55),FDT,FGOVE(S5),FGDVEP(55) ,FGOVET,GPCF(55) ,
GPC FT , LELFt :S: In.::55) , LELA.:: 0 1'1 (.55> , F' CE (55::' ,P CE :~: U E: T , peET ,
SGOVE(55),SGOVER(55),$GOVET,T5TM,T6TM~T7TM,T8TM

COr'1i·10r·~./A4,""AcnETB I (55) , 1:U:S: I ~1C (55) , :E:U:S: I nCT, E:U:~:TA>::, I:U:S:TA>::P (55) ,
DEPROI(5~),DEPPPA(55),DIT,DITM1,EARtl(5~),EARNT,

EAPPI.,W (55) , EAF:P'-'WR (5, 55) , Ef'1PCD~1 (55) , E~IPCO~lP (55) ,
EMPCOMT,IMPDRT(55),IMPORTT,PCEIMP,PCER,PCHECR(5S),
PCHITP(55),PIDITR,PIEARNR,PIT,PITM1,PROPINR,
F.~EG I ~iPR (55) , TI'1A::';; (55) , TRAHF'\'R, unCOr'1F'P, 1,/pl_AId::';: (55)

. ClJi'/r·10l"'i.·-·-A5.····Et·1PLO\' (,55> ~ Et'1PLO\'D (1 0) ~ Et'l:='LD\':~: (1 0) , Et'1PLO'lT, Et'iPr11 T,
Et·lPI.dFD (55) , Et'1PI.rJFDT, FCEt'1P, FCE"1PP, Ft'iEt'lP, HI.,JO~~K, HI.,JDP~::R,

HRWPW(55),HRWPWP(,55),HRWPY(55),OCUP(65,9),DGFDDIS(3),
DUTPHW(55),DUTPHWR(S,,55),DUTPWk(55),RFCEMP,
RHWDRK,RSGEMP,SGEMP,SGEMPR,UNEMP(10),UNEMPT,
lJJI<I.dP·l (55) , I.t.ll(hiPYR (55) , T::::I'1 (55)

COMMDN/A6/LBFAGEG(12),LBFDCUP(10),LBFT _
COMMDN/A7/ACFEPTY(4,67),CDMIN(10),COMINP(10),CDMOUT(lO),

CDMDUTR(10),CDRTMVF(67),CORTMVM(67),
DEATHRF(67) ,DEATHRM(67) ,FERTILY(67),INMIGF(67),
INMIGM(67),INMIGDC(10),INMIGR(lO),MFBIRTR,NEMDEPR,
NMIGDIR(2,67),NMIGDIS(2,67),DTMIGOC(lO),DTMIGR(lO),
DUTMIGF(67),DUTMIGM(67),PDPF(67),POPFT,PDPM(67),

:1 PDPMT,PDPT,POPTM1,RCDMINP(10),RCOMOTP(10),REMDEPR,
. RMIGDIP(2,67),RMIGDIS(2,67),RNEMDEP,RREMDEP

CDMMDN/A8/LEMAT(55,55),X(55),XD(55),XDTDT,XLTDT~XM1(55),

XS(55),XSTOT,XTDT,XTDTMl
CDMMDN/A9/CHANGA(10),CHANGE(10),DUM(3,10),RIA(3,lO),

T1M(SS) ,T2M(55) ,T3M(55) ,TITM,T2TM,T3TM,
LFPARF(12),LFPARM(12),LFPARFR(12),LFPARMR(12)

RERL LBFMG,LBFFG .
REAL LBFT,IMPDRTT,NBUSINC,INVLMC,INVLMA
F: =: ALLELA::;./1 n, LELA:~: 0 ~~, I n'./ r'l PtT , j-1 E r'1 DEF' P , 1'1 F I: I PTF.:
REAL NMIGDIS,NMIGDIR,INMIGM,INMIGF,LBFOCUP,INMIGDC,LBFAGEG
REAL LEMAT,LFPARM,LFPARMR,LFPARF,LFPARFR,IMPDRT,INMIGR
INTEGER AY1,AY2,AY

'COMMDN/FUEL/YT(56),AA(S5,3),DDUM(S5,3),YB(56,3)~PRICE(3),

lPRATE(3),B(S5,3),D(S5,3),EIDDL(S5)
IF(IYEAR.GT.1975)GDTD 336
F'PIt'iT 337

337 FD2MAT(//+ FUEL SUBSTITUTION MODEL STARTS FROM YEAR 1976.• ,
1/5X,+NO OUTPUT IS GENERATED .•)

GOTD :~:::::;::::

:~::~:6 CD;'iT I nUE
F'S: I i'iT ::: 05, I \'EAR

305 FDRMAT(lHl,//50(lH-),//5X,+TABLE 10. FUEL CDNSUMPTIDN+,
·1+ BY FUEL TYPE BY SECTDR+,5X,I4,

2//10X,+SECTDR+,10X,+NATURAL GAS+,5X,+FUEL DIL+,5X,
3+COAL+,//SO(lH-)//)

II 0 ::::::: 4 I =1 ~ n I :~:

P F.: I t·-\ T ::: (I 4, I , I r-i II U:S: t-i (I) , ( ..... I: ( I , -J) ,.J= 1 , ::::::. , E I DOL ( I) , (D ( I , .J) , --'= 1 , ::::) , >=: (I )
:3 (I 4 F 0 ~: 1'1 AT (I 5, 1 ::.:: , A1 (I , 3 FlO. 2, F'3 • 4 , ~: F5 • :3 , FlO. 1)
:334 conT I t'nJE

PRINT 332, (YB(NISP1,~),J=1,3)
332 FORMAT(. TDTAL~,lOX,3Fl0.2)

::;:3:::: C:Dr1T I r·.~UE

Et'iD
-ta-------..-
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'"~
.. I U7:3 0 :=: 14. :~: 12

IF(I.EQ.l0) CALL OVERLAY (6HSIMLAB, 12B,12B)
.-> I 6503
-9..
'I(>

0\·1 EPLFt'y' (::=;: I ~1LAB, 12;t ·12)
PP01:J~~Ar1 'BA::;:::=;: 1 (I

CDMMDN/NAME1/INDUSN(67),NAME(26),NAMER~NRMERl

COMMON/AO/AY,AY1,AY2,DUMMY(1),IB(12),IC(60),ICDUNT,IDRTA(60),
+, IDEBUG,IFDRM,IFUTURE(20),IHELP,INI,IPRINT,IYB,
+ IYE,IYEAR,IV,MASK1,MODTIME,MPRINT,NIS,NISM1,
+ NISP1,NDC,NOCP1,T,Tl,T2,T3~T4,T5,T6,RHRWPW(55)

COMMDN/Rl/EXPDRT(5S),GRDWTHP(S,SS),REGMKS(55),REGMKSR(55),
+ REGMKM1(55),USGOC5S),USGOT,TSM(55),T6M(55),T7M(55)

CDMMON/A2/CAPDIR(55) ,CAPPAR(55),EINVDI (SS),EINVPA(55) ,
+ INVLMA,INVMAT(55,5S),INVLMC,DICAP(55),PACAP(5S),
+ PCHCDR (55) ,R I t-i\,iO I (55) , RI ~il',·'F'A (55) , OHF.:I.t.IPbJ (55) , AI)!~::I.dP··( (55)

COMMON/A3/BINCH(55),BINCHR(55),BINCHT,ELASIN(SS),ELASOWN(5S),
+ EXOGFD(55),EXDGFDR(5S),EXOGOTT,EXDGDUT(S5),EXPDRTT,
+ FD(55) ,FDT,FGOVE(5S),FGDVER(SS) ,FGOVET,GPCF(5S) ,
+ GPCFT,LELASIN(55),LELRSDN(55)~PCE(55),PCESUBT,PCET,

+ SGOVE(55),SGOVER(55),SGDVET,T5TM,T6TM,T7TM,T8TM
COMMDN/A4/ACNETBI (55),BUSINC(5S) ,BUSINCT,BUSTAX,BUSTAXP(55),

+ DEPRDI (5S) ,DEPRPA(5S) ,DIT,DITM1,EARN(5S),EARNT,
+ EA?PWK(5S) ,EARPWKR(S,55) ,EMPCOM(55),EMPCOMR(55),
+ EMPCOMT,IMPDRT(55),IMPDRTT,PCEIMP,PCER,PCHECR(55),
+ PCHITR(55),PIDITR,PIEARNR,PIT,PITM1,PROPINR,
+ REGIMPR(55),TMAX(55),TRANPYR,UNCDMPR,VALADR(55)

COMMON/AS/EMPLOY (55) ,EMPLDYD(10) ,EMPLOYS(10) ,EMPLDYT,EMPMIT,
+ EMPWF~(55),EMPWFDT,FCEMP,FCEMPR,FMEMP,HWORK,HYDRKR,

+ HRWPW(55),HRWPWR(55),HRWPY(5S),DCUP(65,9),DGFDDIS(3),
+ DUTPHW(55),OUTPHWR(S,SS),OUTPWK(55),RFCEMP,
+ RHWORK,RSGEMP,SGEMP,SGEMPR,UNEMP(10),UNEMPT,
+ . ... .,_.'__ . I.I.H(I.,JP.Y.!:S,5:01d~~.I.tJP'·(?"!:55~~ __~]"s:J'1.~::;5X __ .. ._.. ._._~_. ~ _



COMMDN/A6/LBFAGEG(12)~LBFDCUR(10 ,LEFT ,
CDl'lt'1Dt-Li"'A7/ACFERT'y' (4, 67) , COl'; I ~1 (1 (I ,COI'1 I hR (1 0> , CDi'10UT ( 1 0) ,

CDMOUTP(10),CDRTMVF(67 ,COPTMVM(67),
DEATHPF (67), DEHTHRt'1 (67 ,FERTIL\' (67), rnt'lIGF (67),
I rH'; I 1~I'i (67) , I nt'1 I Goe (10) , I rH" I I~P (1 0> , t'lFB I RTF~, t-iEt'1DEPR,
NMIGDIP(2,67),NMIGDIS(2,67),OTMIGOC(10),DTMIGP(10),
OUTMIGF(67),DUTMIGM(67),PDPFC67),POPFT,PDPM(67),
PDPMT,POPT,PDPTM1,RCDMINPCI0),RCOMDTP(10),REMDEPR,
PMIGDIR(2,67),RMIGDIS(2,67),RNEMDEP,RREMDEP

CDMMON/A8/LEMAT(55,55) ,X(5S) ,XD(55),XDTDT,XLTOT,XM1(55),
XS(55),XSTOT,XTOT,XTOTMl

COMMON/A9/CHANGA(10),CHRNGE(lO),DUM(3,10),RIA(3,10),
T1M(SS),T2M(55),'T3M(55),T1TM,T2TM,TjTM,
LFPARF(12),LFPARM(12).,LFPARFR(12),LFPARMR(12)

-PEAL LBFMG,LBFFG
REAL LBFT,IMPORTT,NBUSINC,INVLMC,INVLMA
REAL LELASIN,LELASDN,INVMAT,NEMDEPR,MFBIRTR
REAL NMIGDIS,NMIGDIR,INMIGM,INMIGF,LBFOCUR,INMIGOC,LBFAGEG
PEAL LEMAT,LFPARM,LFPARMR,LFPARF,LFPARFR,IMPDRT,INMIGR
INTEGER AY1,AY2,AY

CDMMDN/FUEL/YT(56),AA(55,3),DDUM(55,3),YB(56,3),PRICE(3),
IPRATE(3),B(55,3),D(55,3),EIDDL(55)

IF(IYEA?GT.1975)GDTD 336
PF: It-iT :::::::7

337 FDRMAT(//+ FUEL SUBSTITUTION MODEL STARTS FROM YEAR 1976.+,
1/5X,+ND OUTPUT IS GENERATED .•)

GOTD ::::3::::
~:'~:6 ClJr-iT I l"iUE

PF.: I t'iT 305, I'lEAR
305 FORMAT(lHl,//50(lH-),//5X,.TABLE 10. FUEL CONSUMPTION.,

1+ BY FUEL TYPE BY SECTDp·,5X,I4,
2//10X,+SECTDp·,10X,+NATURAL GAS+,5X,+FUEL DIL+,5X,
3+COAL+,//50(lH-)//)

DO 334 1=1, t-iI:S:
P R I nT :::: 04, I , I "1 DUSN (I) , ('.... 1:: (I , J) ,.J=1, :::) , E I II 0 L ( I) , (II ( I , .J) , .J=1, ;:::) , ~-:: (I)

304 FDRMAT(I5,lX,Al0,3Fl0.2,F9.4,3F5.3,F10.1)
:3~~:4 J::Ot'iT I r-i'_JE

P PInT ::::32, (\' B (N I :S: F' 1 , J) , J = 1 , :::)
332 FORMAT(. TDTAL+,10X,3Fl0.2)

:::::::::::: COr-1T I t'iUE
EnD

.0­

•
.0-

.-
•
~

+y~++?~••+.++++.+••~•••~•••••••••++.+.+.+••+•••+•••+++••
- .........._---_ ......._.---,-_._-~-_._- -- --....".---- . -- '---' ._~._~,..--



,. '- ....' "- ..-.... '........ .. ' ...., '~ -.., .: ..,: ~.~.-'.

~I '3995
O'·/ERLA'y' ($ I T'1LRB, 21 , (I)

PROGPAi'1 FUEL

J: ,.

+

+
+
+

+
+

CDr'1t'10~i./~~A/"1E 1....· I ~iIiIJ:~li (67) , nAf'iE (26) , nfH'1ER, j-iRt'1ER 1
CDMMDN/AO/AY,AY1,AY2,DUMMY(1),IB(12)~IC(60),ICOUNT,IDATA(60),

I II EI: U13, I FOP M:, I FUTURE(2 0::' , I HELF', I n I , I F'R I ~1 T, 1'lB,
I'l'E, I \' EAR ~ 1"/)1 t'1 Fr::;: K1 , I'i 0 IiT I t'1 E, HP RI 1-1 T, n1:::;: , n I SI'll ,
nI :~: F' 1 , no[ , j'10 CP1, T, T1, T2 , T:~;, T4 , T5 , T6 , F: H~' II) PI,d .:: 55)

CDi'H'10n ..... A1/'E>::P 0 F:T (55) , 1:;F.~OI,dTH~~ (5, 55) , Rt:J:+rl<S (55) , F.:E(;:·H<:~:R (55) ,
REGMKM1(5S),USGO(S5),USGOT,TSM(S5),T6M(55),T7M(5S)

COMMON/A2/CAPDIR(55),CAPPAP(55),EINVOI(55),EINVPA(55),
I t'1'v'LI'1A, I ~~'./t'1AT (55, 55) , I i·i'·/Li'1C, 0 I CAP (55) , PACAP (55) ,
PCHCDR(5S),RINVOI(55),RINVPA(55)~DHRWPW(55),AWKWPY(55)

COMMDN/A3/BINCH(55),BINCHP(55),BINCHT,ELASIN(55),ELASOWN(5S),
EXDGFD(55) ,EXOGFnp(S5) ,EXDGDTT,EXDGDUT(55) ,EXPDRTT,
FD(55),FDT~FGDVE(55),FGOVER(55),FGOVET,GPCF(55),

GPCFT,LELASIN(55),LELASDN(55),PCE(55),PCESUBT,PCET,
SGDVE(55),SGDVER(5S),SGOVET,T5TM,T6TM,T7TM,T8TM

CDMMDN/A4/ACN~TBI(55),BUSINC(55),BUSINCT,BUSTAX,BUSTAXR(55),

DEPRDI(SS),DEPRPAC55),DIT,DITM1,EARN(5S),EARNT,
EARPWK(55),EARPWKR(S,55),EMPCDM(55),EMPCDMP(55),
EMPCDMT,IMPDRT(SS),IMPORTT,PCEIMP,PCER,PCHECR(55),
PCHITR(55),PIIIITR,PIEARNR,PIT,PITM1,PROPINR,
REGIMPR(55),TMAX(55),TRRNPYR~UNCDMPR,VALADR(55)

CDMMON/AS/EMPLDY(55),EMPLDYD(10),EMPLDYSC10),EMPLDYT,EMPMIT,
EMPWFD(S5),EMPWFDT,FCEMP,FCEMPR,FMEMP,HWDRK,HWORKR,
HRWPW(55),HRWPWR(55),HPWPY(55),DCUP(65,9),OGFDIIIS(3),
OUTPHW(S5),DUTPHWR(S,55),OUTPWK(55),RFCEMP,
RHWDRK,RSGEMP,SGEMP,SGEMPP,UNEMP(10),UNEMPT,
WKWPY(55),WKWPYR(55)~T8M(55) .

CDMMON/A6/LEFAGEG(12),LBFDCUR(10),LBFT
CO~'~:'10n""A7'~'~CFEF:T'l(4,67) ,COI'1 I 1'1 (1 0) ~ CDf'1 I l"iR (10) ,COi'10UT (1 CO ,

·CDMDUTR(10),CDRTMVF(67),CORTMVM(67),
DEATHRF(67),DEATHRM(67),FERTILY(67),INMIGF(67),
INMIGM(67),INMIGDC(10),INMIGR(10),MFBIRTR,NEMDEPR,
NMIGDIR(2,67),NMIGDIS(2,67),OTMIGDC(10),DTMIGR(10),
OUTMIGF(67),DUTMIGM(67) ,PDPF(67) ,PDPFT,POPM(67) ,
POPMT,PDPT,POPTM1,RCOMINP(10) ,RCDMOTR(10) ,REMDEPR,
RMIGDIP(2,67),RMIGDIS(2,67),RNEMDEP,RREMDEP

CDMMON/A8/LEMAT(55,55),X(5S),XD(55),XDTOT,XLTDT,XM1(55),
XS(55),XSTOT,XTDT,XTDTMl

CDMMDN/A9/CHANGA(10),CHRNGE(10),DUM(3,10),RIA(3,10),
TIM(55),T2M(55),T3M(55),TITM,T2TM,T3TM,
LFPARF(12),LFPARM(12),LFPAPFR(12),LFPARMR(12)

CDMMON/FUEL/YT(56),AA(55,3),DDUM(55,3),YB(S6,3),PRICE(3),
lPRATE(3),B(55,3),D(55,3),EIIIDL(55)

+
+
+
+
+

+
+
+
+
+
+
+

+

+
+
+
+

+
+

+
+
.+

. I'

+
+

F.:EAL LBFi11:;, LE:FFG
REAL LBFT,IMPORTT,NBUSINC,INVLMC,INVLMA
REAL LELASIN,LELASDN,INVMAT,NEMDEPR,MFBIRTR
REAL NMIGDIS,NMIGDIR,INMIGM,INMIGF~LBFDCUR,INMI60C,LBFAGEG

F.: EALLE1-1 AT ~ LFF' AR~1 , LFPAF.~ ~i R, LFPA F: F, LFF' APFR, I t'1 P0 F~ T,InI'll GR
INTEGEP AY1,AY2,RY .

.-.

DIM~NSIDN YN(56),GF(56),YF(56,3),ELRST(3~3),DWNEL(3)~CDNVF(3)

DATA ELRST/-.0797,.424,.313,.Ol,-.952,.0923,.0023,.0288~-.797/

ItATAO Id;-1 E: L/ -. (I (I :~: , -. (I (I :~: , -. 00:~:./

DATA CONVF/.74,.78,.75/
C••• GETF'F DATA FILE EDFUEL

IF(IYEAR.LT~1976) GO TO 330
IF(IYE~R.GT.1976) GOTO 501
Del 301 I.='l .. nIS
'r'T .:: I) = 'r' E: <I , 1::' + '/B <I , 2) +\' E: ( I , ::::: ') .



k~ . _., .~ •• ~ ... ..__ .. ... _

C BASE ....·EAP. E~~ERGY IriTEl'iS IT'y' PER IIOLLAR OUTPUT DOES nOT InCLUDE
C ELECTRICITY SELF-GENERATION.
C

501
c

IF(I.EO.5)YT(I)=YT(I)-23200.0
IF(I.EO.17)YT(I)=YT(I)-6606.0
IF(I.EO.28)YT(I)=YT(I)-9925.0
I F ('y'T ( I::' • LT. (I. ) 'y' T ( I ) =I) •

EIDOL(I)=(I.
. I F C:< <I) .. 1'1 E. 0.) E I II 0L (I) ='y' T ( I) / ::.:: ( I ::.

~: (11 cor-iT I r"iUE
GO TO :::::30
Cor-iTI j"JU:!:

C SUBTRACT TOTAL IN SECTORS 5,17 AND 28
C

IF(IYEAP.GT.1977)GOTO 601
YB(S,1)=YB(S,1)-5723.0
Y:B ( 17, 1) =\'.E: ( 17, 1) -3'301 .. I)

Eo 0 1 C:D~1T I r-iUE
YB(S,3)=YB(S,3)-23200.0
IF(YB(5,3).LT.O.)YB(S,3)=O.

. I '~r' B (1 7 , :::) = YB ( 17 , 3) - 66 0is.. I)

IF C{:B (1 7,3) • L T .. 1) .. ::. 'lE: (1 7 , ~:) =o.
YB(28,3)=YB(28,3)-9925.0

.IF(YB(28,3).LT.O.)YB(28,3)=O.
DO 302 1=1, ~1 I::=;:

~b~ YN(I)=X(I)+EIDDL(I)
DO 331 -J=1,:~:

331 YB(NISP1,J)=O.
c

II0 4 1 1 I = 1 1 NI ::;:
DO 411 ,J=r~3
YB(I,J::'=YB(I,J)+CDNVF(J)

4 11 conT I t-HJE
c
C CALL E1·/S:UE::5:
C SUBROUTINE EVSUBS
c SHIFTS TO FUEL OIL.••.•.
a:: .

lID 5'3 1=1 ~ t··iI :5:
"('T (I) = \'B ( I , 1) +'y':B .:: I , 2) +Y:B .:: I , 3::-
IF(YT(I).EQ.O.) GOTD 59
CONVAV=(YB(I,1)+CONVF'::1)+YB(I,2)+CONVF(2)+YB(I,3).CDNVF(3»)/YTtI)
YN(I)=YN(I)+CDNVAV

59 COt-iT I t-iUE
IF(IYEAR.NE.1977) GOlD 18
IIO 11 1 I =1 , NI S
'y'T ( I) = Y.B (I , 1) +YE: ( I , 2) + ..... B (I , :::;)
IIO 2 12 .J == 1 , :~:

IF(YT(I).EQ.O.) GDTD 297
YF(I,J)=YB(I,,J)/YT(I)
GOTD 212

297 YF(I,1)=YF(I,2)=YF<I,3)=O
212 COhTlf'"iUE

IF(YT(I).EQ.O.) GOTD 69
GF (I).=I).
I F C.... T (I) • nE. 0.::- GF .:: I) =('i n ( I ) - 'y' T ( I ) ) ./ \'T (I)
GOTD 111

69 GF (I) =0.
111 ~:gn1 I t"'1U~ _:_ . '.__ ._ .
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~ I ';'995

D'·lERLA'y' ($ I j'1LAB, 21 , 0>
PRDGRA~1 FUEL

+

+

+

+
+

+
+

+
+
+
+
+

+
+
+
+

+
+
+
+
+
+
+

COl" 1'1 0 ~i'/ ~1 A1"1 E 1/' I ~~DUS j'1 (67::' , nAr·1 E (26) , 1'1 At'1 ER ;t j'1 R1'1 ER 1
COMMDN/AO/AY,AY1,AY2,DUMMY(1),IB(12),IC(60),ICDUNT,IDATA(60),

IDEBUG,IFDRM,IFUTURE(20),IHELP,INI,IPRINT,IYB,
I ..... E, I \' EAR, I V, t'1 Ft :~: ~:: 1 , 1'10 II T I 1'1 E, 1-1 P R I nT, n I::;: , t'i I :S:I'll ,
nI :~: F' 1 , HOC, no CP 1 , T, T 1 , T2 • T:3, T4, T5 , T6 , F~ H~' IdF' I.t.! .:: 55)

CO ,'H'l 0 ,'1 ..'''' A 1/E>::F'D~:T (55) , 1~F.:Ol.dTHF.: c:;, 55) , F.~t:J;r'j'l<:~: (55) , PE(Jl'1~:::5:R (55) ,
REGMKMI (55),USGO(55) ,USGOT,T5M(55) ,T6M(5$> ,T7M(55)

COMMON/A2/CAPDIR(S5),CAPPAP(5S),EINVOI(55),EINVPA(55),
INVLMA,INVMRT(55,55),INVLMC,OICAP(55),PACAP(55),
PCHCDP(55) ,RINVOI (55) ,RINVPA(55) iOHPWPW(5S) ,AWKWPY(55)

COMMDN/A3/BINCH(55),BINCHR.(55),BINCHT,ELRSIN(55),ELASDWN(55),
EXOGFD(55)~EXDGFDR(55),EXDGOTT,EXDGOUT(55),EXPDRTT,

FD(55),FDT,FGDVE(55),FGDVER(55),FGOVET,GPCF(55),
GPCFT,LELASIN(S5),LELASON(55),PCE(55),PCESUBT,PCET,
SGDVE(55),SGDVER(55),SGDVET,T5TM,T6TM,T7TM,T8TM

CDMMON/A4/ACN~TBI(55),BUSINC(55),BUSINCT,BUSTAX,BUSTAXR(55),
. DEPRDI(55),DEPRPA(55),DIT,DITM1,EARN(55),EARNT,

,/0. EARPWK(55),EARPWKR(S,55) ,EMPCDM(55) ,EMPCOMR(55) ,
EMPCDMT,IMPORT(55),IMPDRTT,PCEIMP,PCER,PCHECP(55),
PCHITP(5S),PIDITR,PIEARNR,PIT,PITM1,PRDPINR,
REGIMPR(55),TMAX(55),TRANPYR,UNCDMPR,VALADR(55)

CDMMDN/A5/EMPLDY(55),EMPLOYD(10),'EMPLOYS(10),EMPLDYT,EMPM1T,
EMPWFD(55),EMPWFDT,FCEMP,FCEMPR,FMEMP,HWDRK,HWDRKR,
HRWPW(55),HRWPWP(55),HPWPY(55),DCUP(65,9),DGFDDIS(3),
DUTPHW(5S),DUTPHWP(S,55),DUTPWK(55),RFCEMP,
RHWDRK,RSGEMP,SGEMP,SGEMPR,UNEMP(10),UNEMPT,
WKWPY(55),WKWPYR(55),T8M(55)

CDMMDN/A6/Lr~AGEG(12),LBFOCUR(10),LBFT

C0 ~,~ iti 0 r-i ..... A7 ..~:'"f! CFEPT Y (4 , 67) , CD 1'1 I t-i ( 1 (I) , CO ['1 I nR ( 1 0') , C: 0 1'1 0 UT ( 1 0) ,
-COMDUTR(10),CDRTMVF(67),CO?TMVM(67),
DEATHRF(67),DEATHRM(67),FERTILY(67),INMIGF(67),
INMIGM(67),INMIGOC(10),INMIGR(10),MFBIRTR,NEMDEPR,
NMIGDIR(2,67),NMIGDIS(2,67),OTMIGDC(10),OTMIGR(10),
DUTMIGF(67),DUTMIGM(67),PDPF(67),PDPFT,PDPM(67),
POPMT,PDPT,POPTM1,RCOMINP(10) ,RCOMDTP(10) ,REMDEPR,
RMIGDIR(2,67),RMIGDIS(2,67),RNEMDEP,RREMDEP

COMMON/A8/LEMAT(55,55),X(55),XD(55),XDTDT,XLTDT,XM1(55),
XS(5S),XSTDT,XTOT,XTDTMl

CDMMON/A9/CHANGA(10),CHRNGE(10),DUM(3,10),RIA(3,10),
+ TIM(55),T2M(55),T3M(55),TITM,T2TM,T3TM,
+ LFPARF(12) ,LFPARM(12) ,LFPAPFR(12) ,LFPARMR(12)

COMMDN/FUEL/YT(56),AA(55,3),DDUM(55,3),YB(56,3),PRICE(3),
lPRATE(3),B(55,3),D(55,3),EIDDL(55)

+
+
.+

.. I'

+
+

REAL LBFMG,LBFFG
REAL LBFT,IMPORTT,NBUSINC,INVLMC,INVLMA'
REAL LE LA:~: I ~1:t LELA:S: 0 n, I n1" ,1 1'1 AT, t-1 EI'i Ii EF' R , I') F 1:: I RTR
REAL NMIGDIS,NMIGDIR,INMIGM,INMIGF,LBFDCUR,INMIGOC,LBFAGEG
PEAL' LEt'1AT, LFF'AR~h LFPAP~lR, LFPAPF, LFPAPFR, I t'1PORT, I rU'iI GR
I nTEGEPA ''f' 1 , A'1" 2, A'-j.' .

DIMENSION YN(56),GF(56),YF(56,3),ELAST(3,3),OWNEL(3),CONVF(3)
DATA ELRST/-.0797,.424,.313,.Ol,-.952,.0923,.0023,.0288,-.797/
ItATAO 1.,l,.4 E: L/ -. (I (1:3, -. (I (I :~: , -. 0 (I :~: .....

IniTA Cot-i 1",1 F/ • 74 ~ . 7::::, • 75.····
C••• I3ETF'F DF.1TA FILE EDFUEL

IF(IYEAR.LT.1976) GO TO 330
I F ( I ..,.. E i=i;;~ • GT • 1 ':'1 (6) GOT 0 5 (I 1
D0 :~: I) 1 I ='1 .. N I S
'y'T ,.. T "t ::::: "J,t 1:1 ,.. T _ 1 ", -L. I,••' '1:' I" T _ .=, <"t .J- ' ....' '"[" I" T _ "7' -'1 .



,"-;-~ -- D:J 828--' r= 1 , ,1 r S' - -"," ..•' --- "'-.~~-------_.,-- -- "-- ....-""-' ,- ..'. --- ,. " --' .... -.

II 0 ::: 2'3 oj = 1 , :~:

DDUM(I,J)=D(I,J)+ 0005
G::: ( I) = I~ F ( I) + ( 1 .. -:B I,.J» + 'r' F ( I , .J::'
I F (t:3 F ( I) .. LT. (I::' (3 F I:;' = I) •

:::29 con T I 1'1U~

:::2:::: CO:"~T I ~iUE
Ii iJ 1 (I I =1 , n I ::;:
IID 1 1 ...1= 1 , :3
UBounD=1
IF (D (I , J) .. EO .. I) .. ) GDTD 13
I~(D(I,J).EQ.UBOUND.DR.D(I,J).EQ.l.)GOTD 137
IF(GF(I).LE.O.) GOTD 137
PFACT=O.
I! LJ 12 i< = 1 , ~3

12 PFACT=FFACT+ELAST(J,K).ALOG(PRICE(K)
DDUM(I,J)=(B(I,J).'r'~(I,J)+D(I,J).GF(I»/GF(I)/(UBOUND-D(I,J»

1.····D (I , ,J) .USOUI'1D
IF(DDUM(I,J).GT.50.) DDUM(I,J)=50.
AA(I,J)=ALOG(UBOUND/D(I,J)-l.)+DDUM(I,J).PFACT
GOTD 11

1 :~: AA (I , ...U := 0 •
GOTD 11

137 AA(I,J)=D(I~J)

11 CONTI i"iUE
1 I) canT I ~iUE
1 :=: CONT I NUE

I:: ••••• lit • • • • • • • • • • os • • .. • • • • • • • • • ..... • ' • • • • • • • • • • .

DO 2 1 I =1 , I'i I ::;:
GF (1) =0 ..
I F ('r'T ( I:;' .. t·~ E.. I).) 13F (I) =(..,.. N( I ) - YT ( I ::. ) ./ '-r'T ( I )
II0 12 :::: .J=1 , :3
G~ .:: 1") =13F ( I) + (1 • -:B ( I , --'::. ) ..'"(' F .:: I , ...1)

I F (I~F ( I::' • LT. 0.) 13 F ( I ) = I) •

128 COhT I t'1U=:
Gr'1::;:=·.... '·i (I) -'iT (1)

no 22 .J= 1 ~:3

G,.jS =6,'1 S + ( 1 • - B ( I , J) ) • 'l B ( I , .J)
IF(13MS .. LT .. O.) GMS=O.

22 COt-iT I ~iUE
Dsur'1= I)
II 0 2:3 .J= 1 , :3
IF(13MS~LE.O .. ) 130TD 56
UBour-~Ii=1 •
IF(D(I,~).EQ.O .. DR.D(I,J).EQ.l •• DR.D(I,J).EQ.UBOUND) GOTD 23
PFHCT=O
ItO 25 r<=l,;3

25 PFACT=PFRCT+ELAST(J,K)+ALDG(PRICE(K»
D(I,,J)=UBDUND/(1.+EXP(AA(I,J)-DDUM(I,J)+PFACT»
I F (.J • nE:.. 1) II :S: U,'1 = II ::: U1'1 +Ii ( I , .J)

2:3 conTI ~1UE
IF(DSUM.EQ .. O.) GDTD 56
DC! 57, .-'=2,:3
D(I,J)=D(I,~)+(l.-D(I,l»/DSUM

57 COt-iT I r-iUE
~6 DO 26 .J::: 1 , :3

II I II I = D .:. I " .j ')

IF (I.3t·1:::.LT. 0.) DIDI='r'F(I,.J)
YB(I,J):::B(I,J)~YB(I,J)+DIDI.GMS

.26 conT I t-iUE



YT ( I::' = 'lr-i ( I)
DO 2:57 .J= 1 , :3
IF(YT(I).EQ.O.) GOTD 2945
YF(I~J)=YB(I,J)/YT(I)

GOTO 2:57

21 C(Jr~T I r"iUC:
C F.~ ETU ;:.1'1
C:. END
C

110 41 2 1=1, n I:::;:
110 41 2 .J= 1 , :.::
YB(I,J)=YB(I,J)/CONVF(J)

412 COj"iT I r-HJE
c:
C

Iil] 303 1=1, r:iI:::;:
DO :'::07 .-'=1,:3
YB(I,J)=YB(I,J)+(1.+0WNEL(J)+PRRTE(J»
YB(NISP1,J)=YB(NISPl,J)+YB(I,J)

:.:: C7 cerrT I nUE
TE:'1~IOp=\'B(I;r 1) +'iB (1,2) +'lB (1,3)
E!DC~ (1) =0.
IF (>:: (I) .I-i~. 0.) EIIlDL (1) =TEi·;POP.····;:-:; (I)

f _ _ .... _ ' .. ~..,.. .... ' ........... ~"""_--. .- .. _.• ".. ~~ ......__

c
C ADD ON ELECTRICITY SELF-GENERATION ON SECTORS 5,17,28
C
C

YB(S,3)=YB(5,3)+23200.0
YB(17,3)=YB(17,3)+6606.0
.YB(28,3)=YB(~8,3)+9925.0

YB(NISP1,3)=YB(NISP1,3)+23200.+6606.+9925.
r'-'

DJ :::: 2 4 J = 1 , 3
PF: I C~ (.J) =PF: I C:E (.J) .PRATE '(.J)

:33 I) cor-iT I t-ilJE
Ei"iD

ED I Et1COUnTEF.:ED.
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APPENDIX 5

DATA REQUIRE~rnNTS FOR THE P~SIDENTIAL MODEL

DESCRIPTION SOURCE/PREFERRED
I SOURCE

120:.DATA H7~16252.~5917.,1288 67402,,10029.,4371.,9518.,1270.,783.,
121t5981.,25 1.,1395.,2177.,0.,271.,,101335.,19725.,8108./

NtUA~ ~ H-oL-lSE I+OLDS' IN "rtf: R£4"ION U'17l,)

NA:ru.R}.L GA.S

C;t)J~'-' rAMI l.y
MIA..LU_ ~rr

~oe.~ Ho~S

'F1,.,t-tL OiL

-SUJC:3~ r-A.M\LY

MlA.l.Tl- ~rr

MOS,It..e" AOMtS

LP GA.~

M~ ESrIMA1tS/ !+OLlS'E Itt-i.!)

'Su-RVE.y

~EA E!..T"...cA-r-cS/ ~~Ef+Of..b
S!LRVE"Y

~~ fg'}4;'\f:S/ /tt)usr:-.-.O\b
~t.l.R."6Y

~A ~nMAT€S / H-oU.SUtot"P
Sl.l~\I~Y

""~ r;'S"nM~/l{Ol-tSE"f+Ct.D
5Ltltv~y

lv\~A ~T1MA.-r:5/ 'r':!:;LttE~:nJ>
. . Sll.~vel

£30 DATA HH/130983., 132555 + ,134146 + ,135755 • ., 137384 + ,138868. ,140368 + ,,141883,;
131+ 143416.,144965.,145501.,146040.,146580.,147122.,147667.,147472.,147277
132+ 147083.,146889.,146695.,146416.,146138.,,145860.,145583.,145306./

11\£ FWuIO~ £: \'17f. - '2000)



iOTAL P~ONA.\" INCO ~t~ FOIUCA.STS

l==OR.. T"H~ A£C:4\oN (. ~\\LL10N IQ"7.$) lc{ 7~Q..OCO)

PROPort.T10 tV of f'JS\O S\N6t4 l=-A.MlI..Y (.l.~rr~

11) "f!)TA.L NEW U-l\?\T'.$ Cttl?'- - 2.000)

e~oPott\IO~ OF NEW MU-Ln l ...n~!rS

TD 10Th\.. NB1-'J u.,,HTI. C\0..(b- .2..000)

160 DATA ADDC3/25*0.1

U.S. B\..lMAI.l / <;J:~l-~B
o~ Gc.o~~\e,...

AN~y.sE~

170 DATA EI/6]3.,81.,124.5} ·4898.,12449.,16939.,32.,14.,22.,5700.,2523.,3878
171+8.8,8.8, .8,1476.,1476.,1476.,8.4,8.4,8.4,996+,996.,996.1

~PA.U-- t-\EhTtNG. ~tVt1R.&y .:t::1JTt~~l.ne:..s (MILLION roruf-UHT')

S\N&\..~ FAN\lY
MV-I.:rr - UJ0tT

M0!3ILe ~OMe$

ELBqp."Ic.. S?.6.~. l-+t~\I~C... .:nJ\GtJ~\T\t:.s. CKWH/I..ltytr)

~\NbU; ~t\M\\..Y

Mw..T.r-\A~ri

""tll)l~ H-oM~

W,a,nR ,.H?At\'lJc.. J:l\.)1C~~t'ntS

ELEc.TP.\~ wA.lER. ~""'Tlrvc.. ..r:-t-->T£t-J<;llll;'~, .

ME"A/ MtA.

ME/\/Me'A



175 DATA EFF/-,.17,. - .17,. - + 1],. -~ 228" -.228,. -. 22§,. 1 + 6,. 2 + 1 , 1 .O,,! ~ 4,1 .4., 1 .. 1/
1 - 1 ..

g'+-ORr n~M P R.I t.£ ~SII (!..\ TI E,S

t:=og SPACJO. I+EA.i'IN6

SIr-J&\..G FA·l'·PLy \).NIlS

MLll,T\ - U.~\T~

MbBtU; l\OM~5

,.
.: ,..

SH-Op:;r TE1J.M Pr<.l~ ~T1CIT\E.s

1=Op.. 0"f1-{ Ell w;.e-S

c::.\N~.,.\..G' F~MtLY W\)\T)

M\.\..L-T\ - ~lTS

~r:1 u~ucy ..:r.MPR.oV6Mf: ~TS ON spA.CBHV\n~

Du.6 w B~L{)ljVG c...ooes

~~ 51~~~S FA~\\"'Y I.A.tJlTS

ti~ t.4 \..\..\..n -~ tT.S

MO~lL.-\7 \-WMB5

tFi= \C.A~ tvcy .:t-M~Rove ME: t-J IS "{\J tv bJ..\.r

W~~ \-\-~PirlJ0(\ ~IT~

~IN6~ :F~l'-(\L~ ~(TS

""'~T\ • \..qv t "I.)

MO~,u:: \-TO~S



-I ....

• 199C •••••• 1976 CONTROLS •••••• -/
200 NYEAR=1976

"201 HURB=.65
202 HUNG=.613
203 POILEL=.70
205 HUOIL=(l.-HUNG)*POILEL
206 HRNG=.070
207 HROIL=(l.-HRNG)*POILEL
210 REMOV1=.0059
211 REMOV2=.Ol17
213 REMOV3=.0392
220 . f\·CONV1:"~. 0918
221 PCONV2=4.
226 ~Cl1=PC21=PC31=.88

,
I

l2c"""Mov3 . ReMDvAl.. R.ATFS Fo~ fv1 DBI~ J+o~e.S

SPA. / su.~v~

.sPAI s u~v~y

~A.I S tLR.\Jo/

SPI'c./ SURvey

PQ..oPOQ.TIC'~ &1: t-J~ k>,t.;ruML GAS U-})ITS

w rrn GAS RAfV6£oS

227 XOELH=O.5108

X'OtL~ N~~A L loGl><R..ITH M of '£175" a€'t--TTUC- E:\JEl26.'j

ao~S~PT'DN pc;R.. Horiset!-oL,D TOP- l\JDN-

sp~ 1\~"1106 NON- wAlrR \+£~THJ6 uses
I



APPENDIX 6

RESIDENTIAL FUEL DEMAND MODEL FOR

REGION III AND DOUGLAS COUNTY, WISCONSIN

78.·..·1 I) .····24 . 1 I) • :36 . ~:7 .
PF.'DGRRt·1 EI·."PES:Ct~

10 PPOGRAM EVRESCN(INPUT,DUTPUT)
lIC••.... COPPER NICKEL RESIDENTIAL MODEL ...•..
10D DIMENSION H7(3,6),HS(3,6),HH(25),YT(2S),ADDC3(25),PADD1(25),PADD2(25)
101+ ,DEM(3,6),PFS(3,S),EI(3,8),EFF(3,4)
120 DATA H7/16252.,5917.,1288.,67407.,l0029.,4371.,9518.,1270.,783.~

121+5981.,2511.,1395.,2177.,0.,271.,101335.,19725.,8108./
130 D~TA HH/130983.,132555.,134146.,135755.,137384.,138868.,140368.,141883.,
131+ 143416.,144965.,145501.,146040.,146580.,147122.,147667.,147472.,147277.~

132+ 147083.,146889.,146695.,146416~,146138.,145860.,145583.,145306./

140 DATA YT/I056.8,1087.5,1119.0,1151.4,1184.8,1214.4,1244.8,1275.9,1307.8~

141+1340.5,1374.0~1408.4,1443.6~1479.6,1516.6,1554.6,1593.4,1633.2,1674.1,

142+1715.9,1758.8-1802.8,1847.9,1894.1,1941.4/
150 DATA PRDD1/.65,.64,.63,.60,.59,.56,.55,.53,.51,.51,.51,.51~.52,.53~.54,

151 +1 :)+. ~,4/

153+1 C!.;t.. 27.·..·
160 DATA ADDC3/25+0./
170 DATA EI/183.,81.,124.5~24898.,12449.,16939.,32.,14.,22.,5700.,2523.,3878.,

171+8.8,8.8,8.8,1476.,1476.,1476.,8.4,8.4,8.4,996.,996.,996./
175 DATA EFF/-.17,-.17,-.17,-.228,-.22S,-.22S,1.6,2.1,1.0,l.4,1.4,1.4/
1 '35 F' P I "1 T 1 '36
196 196 FDRMAT(2/,5X,+RESIDENTIAL FUEL DEMAND MDDEL--CUNI AREA (MER-FDRE~

197+, +C:A:S:T I r-H3) +)

1 9::::C ••••••
199C.....• 1976 CONTROLS •.•••.
c' (I I) r-r( EAP=1 '376
2:01 HU~:B=. 65
2 02 HUHI~=. 61 ::::
20:::: F'DILEL=.70
205 HUOIL=(1.-HUnG::a..;.,PDILEL
2 06 H~'rH3=. 07 (I

207 HPOIL=(l.-HRNB)+POILEL
2 1 (I F.' E r'l 0 ..... 1=. (I I) 5 '3
211 REMDV2=.0117
? ~: F.'EilO",·':~:=. O:~:92

,=" .i PC 0 r"~ '.,,' 1=. (I '3 1 ::::
c'21 pcon'",12=4.

'c26 PC11=PC21=PC31=."88
2'~7 ::-::O"ELH= O. 51 O:~:
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2 Q gC .. ~ ...- .. • EFFC..... I 1"1PPD","Et'tENTS O~1 t'-lEIr.I S:TOCt:: F1t'1D PP. ICE EFFEC:TS: on Ei< I ST I nG ....
... I~ 0 ~~: 1) 5 I =-1 , ::::
303 DO 305 J=3,4
305 305 EFF(I~J)=1 .. -(EFF(I,J)/100.)
309C •.. PRICE EFFECTS ON NEW STOCK ...
310 DO 315 1=1,:3
311 EFF(I,1)=1.+(EFF(I,1)+.0335)
315 315 EFF(I~2)=1.+(EFF(I,2)•. 033S)
f: 0 I) II [1 S 1:1 5 J = 1 , ::::
801 DO 805 J=1,6
805 805 HS(I,J)=H7(I,J)
809C ••. REPLRCEMENTS EXCEPT N.GAS,LPG,ELEC. UP TO·1984 •••
810 PFRT1=HSC1,6)-HS{1,1)-HS{1,3J-HS{1,4)
811 PFRT2=HS(2,6)-HS(2,1)-HS(2,3)-HS(2,4)
812 PFPT3=HS(3~6)-HS(3,1)-HS(3,3)-HS{3,4)

815 DO 817 1=1,3
817 817 PFS(I,1)=PFS(I,3)=PFS{I,4)=O.
820 DO 83D J=2,S
822 IF(J.EQ.3.0R.J .. EQ.4)60 TO 830
82& PFS(l,J)~HS(l,J)/PFRTl

827 PFS(2,J)=HS(2,J)/PFRT2
828 PFS(3,J)=H~(3~J)/PFRT3

830 830 CONTINUE
900 SUMHNG=SUMHDL=SUMHEL=O.
901 :5:ur'1\llr~c;=:::;·ur'lhiEL=O.

902 SUMCNG=SUMCEL=O.
903 SUMONG=SUMOEL=O.

999C •..•.. ANNUAi LOOPS ..•.•.
1 (I (I I) 1 (I (I I) F' r;:~ I t'1 T- 1 I) 1 (I , t·-! \' EAR
1010 1010 FORMATc3/,2X,IS)
1049C HOUSING STOCK BY TYPE, FUEL
1 05 oe.. PEt'lD',.,'AL::;: ....
1051 DO 1055 1=1,3
1052 DO 1055 J=1,6
1055 105~ DEM(I,J)=O.
1060 DEM1=HS(1,6)+REMDVl
1065 DEf'l'::=HS (2, IS) .F'E~lD'.,"2

1070 DEM3=HS(3,6).PEMDV3
1080 DO 1100 J=1,5
1081 IF(NYEAR.NE.1985)GO TO 1085
1082 DO 108~ 1=1,3
1083 DO 1084 k=1,5
1084 10a~ PFS(I,K)=HS(I,K)/HS(I,6)
1085 1085 D~M(1,J)=DEM1.PFS(1,J)

1086 DEM(2,J)=DEM2+PFS(2,J)
1 I)9 (I DE Pi (:::: , .j) =IiEt'13 ~ F' F S (:::: , .J)

1095 DO 1100 1=1,3
1100 1100 DEM(I,6)=DEM(1~6)+DEM(I,J)

"~19c. • .. . • .. AII II I TID t·ts: FIt'1 D CO t·i'·... EP:::;: I 0 t·rs:. • • • .. •
~_OO ADD=HH(~iYEAP-1975)-HS(1,6)-HS(2,6)-HS(3,6)

2 I)2 I) A U [! 1=(A nD+ F' A It It 1 (, H..... E ~~F' - 1 '3? ~l) ) +IiE /-1 ( 1 , 6 ')
2025 ADD2=(ADD.PADD2(NYEAR-1975»+DEM(2~6)

2030 ADD3=ADD+DEM(1,6)+DEM(2~6)+DEM(3,6~-ADD1-ADD2+RDDC3(NYEFlR-1975)



-- -2-100c .... c:On\"EP::;:IO~r~:...--
.- i (I CO 1'-1\·'2= (ADD 1 +ADII2+R-DD:3-ADDC:::::: (tr.... EAP-1975» -.pc:Ot-l'...'1~. /::::.

~_20 CONV1=CONV2/PCOHV2
21 :~: 0 HDII:3 =8DII:::: - COt''!'",' 2 +C 0 nl

",' 1

3000C SPACEHEATING NEEDS ....•.
3100 DO 3120 J=t,5
:::: 105 H7 (' 1 , .J) =H7 .:. 1 , .J) - IIE~1 (,1 , __I) - (cOr'1 l,,"l ~PF:~: (1 , .J) ::.
3105 HS(1,J)=HS(1,J)-DEMt1,J)-(CONV1+PFS(1,J»
:=: 1 I) 7 H? (2, __') =H7 (2 , .J) - IIE j'l (, 2 :r .J) + .:. CON V2 -..p F :~: (2,.J )
3108 HS(2,J)=HS(2,J)-DEM(2:rJ)+(CONV2~PFS(2,J)
3110 H7(3,~)=H7(3,J)-DEM(3,J)

3 1 15 H~:'; :::: , .J':' = H::;: (: :~: , .J) - II Er'l (3 , .J)

3120 3120 CONTINUE
:=:21 [I PFtD[Ji'H3= (HU~'B"HUf'1t3) +-( (1 .. -HURB) +HF~N6)
::::215 PAI/DOL= (HUF':E:-'t-tUO I L) + ( (1 . -HURB) -+HRD I L)
3220 PADDEL=l.-PADDNG-PRDDOL
3231 HStl,1)=HS(1,1)+(ADD1+PADDNG)
3222 HS(1~2)=HS(1,2)+(AIID1.PADDDL)

:32::::3 H::;: (1 , 4) =I-+~:;: (1 ,4) +(ADD l*PA-DIIEL)
3234 HS(2,1)=HS(2,1)+(RDD2+PRDDNG)
::::2::::5 HS: (2, 2) =H:~: (2,2) + (ADD2+PFrDDOL)
3236 HS(2,4)=HS(2,4)+(ADD2+PADDEL)
3237 HS(3,1)=HS(3,1)+(ADD3+PADDNG)
3238 HS(3,2)=HS(3,2)+(ADD3+PADDDL)
3239 HSC3,4)=HS(3,4)+(ADD3+PADDEL)
3241 HS(1,6)=HS(2,6)=HS(3,6)=O.
32~2 H?(1,6)=H7(2~6)=H7(3,6)=O.

3245 DO 3250 1=1,3
3241 DO 3250 J=1,5
3248 HS(I,6)=HS(I~6)+HS(I,J)

3250 3250 H7(I,6)=H7CI,6)+H7(I,J)
3251C CUMULATE ADDITIONS AFTER 1975, .
3255 SUMHNG=SUMHNG+(ADD1.PADDNG~EI(1,1).EFF(1,3»

3256 SUMHNG=SUMHNG+(ADD2+PADDNG+EI(2,1).EFF(2,3»
3257 SUMHNG=SUMHNG+(ADD3+PADDNS+EI(3,1).EFF(3,3»
3258 SUMHOL=SUMHOL+(ADDl.PADDOL+EI(1,1)+EFF(1,3»
:3259 ::;:Ui'1HOL=::;:ur'1HOL+ (ADD2""PADDOL -$-E I (2, 1) ..-EFF (2,:3)
::::2e,O ::;:Ui'1HuL=::;:U,-,l>-jLJL+ (ADD3+PFtItDDL +E I (:3, 1) -.Ef F (3,3)
3265 SUMHEL=SUMHEL+(ADD1+PADDEL+E-!(1,2»
3266 SUMHEL=SUMHEL+(~DD2.PADDEL.EI(2,2»

3267 SUr'lHEL=SUI'1HEL+ q=tDD:::: ...PADDEL +-E. I (:3,2) )
3268 XHNG=XHOL=XHLP=O.
3270 XHEL=XHOT=O.
3271 DO 3280 1=1,3
3272 XHNG=XHNG+(H7(I,1)+EI(I,1)+EFF(I,1»
3273 XHOL=XHDL+(H7(I,2)+EICI,1).EFF(I,1»
3274 XHLP=XHLP+(H7(I,3).EI(I~1).EFF(I,1»

3275 XHEL=XHEL+(H?(I,4).~~(I,2).EFF(I,1))

::: 6 :=: (I 32:=: (I ;< HOT =::< HOT + (H7 ( I , 5:) • E I <: I , 1) -$- EFF (I , 1) ::.
:::: 2 ~=: ":' ::< H)-1 I':;=::< H t--I G+:S U1'1 HHG
:~~t ::~:HOL=::<HOL "~:S~I_lt'1HOL

:::: 2 ::: 7 ::< HE L. = >:: HE L +S: Ut" HE: L



t·

729~C••••.• WHT~R H~~rln~•• n~••••••
::; ;1 :S:Ur'11.'lnl~=::;:Ut11.t1tH:;+ ':.R[lD l ...PAIIDr"1!:;+E I (1,:3) +EFF (1 ,4) )
:3:::; ..::2 :s:ur'll.. II·H~=:~:Ut'11.tIf·-jG+ (AD D2.PADD~iG.EI (2,3> +EFF (2 ~ 4) )
3333 :~:Uf'11\lljl~=::;:Ut'11.,IHI~+(RDD::::+PADD~1G.=I (3~ 3) -}EFF (3~ 4)::'
3340 :S:Ur'lIdEL=:S:Ut~hIEL+ (RDD 1+': 1. -PRIiD~-II':;> "*'E I (1 ,4) ...:.-EFF .:: 1,,4)
:3:341 SUr,j1dEL=::;:Uf'11•.IEL+ (AIID2+ (1. -·PRItDr"tt::;'>.-EI (2,4> +EFF (2~ 4)
:3::::42 :::;:ur·11.tlt:"L=:::;:Ur'll,IEL+ (ADD:3-+--( 1. -PADII t'i I':;) +EI (3,4) -+EFF (:3, 4»
335 I) ::<ldr·-jI':;=>::I.,.ILF'=::<I,IIEL= o.
7355 DO 3360 I=1~3

:::::357 ::·::l.tlr·H':;-=::-:;I..ln5+(H7 (I, 1) +EI (1,3) +EFF (1,2»
3~:5:=: ::-::hILF'::=;:<I..JLP+ (H7 .:. I ,3) +E I (, I , :3) +E.FF (I, 2) ":I
3:;:5'==, ::-::I,:EL=;::;ldEL+ (" (H7 .: I, 2) +H? .:: I ~ 4) +H7 (I , ~I) >+E I .:: I, 4)....EFF (1 ,2) )
33>0 3360 CONTINUE
337 I) ;:-:;I,lt·,I:,=>:;\.t.I(tl::T+::;:Ur·ll.d"-!I::;
3:371 ;:'::1..1EL=>:;II.lEL+S:Ut'11.,JEL
39'39C. .. • . .• [:001< I r'll::i... I"-IG .
40 (I I) =SUr'lCr'H:;=S:U!"lCtiG+ (ADD 1""PAD IH"it3+PC 11"'E I (1 ,,5) -tEFF (1,4) )
4001 SUMCNG=SUMCNG+(ADD2.PADDNG+PC21+EI(2,5)+EFF(2,4»
4002 :~Ui"1CI:1G=::;:Uf'lC:~i6+(ADD3~RDDr·il.:i+PC31~EI(:::::,5) -.EFF (3, 4»
4 05 S:Ui'1CEL=:S:t.Jf',CEL+·{ADD 1..-.:.1 • -F'ADDJ"U3) ....( 1 • -PC: 11) ""E I (1 , E.) +EFF (1,4) )

. I

4006 SUMCEL=SUMCEL+(ADD2.(1.-PADDN6).{1.-PC21).EI(2,6)"'EFF(2,4»
, 4 0 07 :~:U~'1CEL=:~:UI"CEL+ (ADD::::""':. 1 • -F'ADDr-if;) -!/r( 1 .. -PC::::: 1) +E I (:3, 6) ~EFF (::::,4) )
4020 XCNG=XCLP=XCEL=O ..
4021 XCNG=XCNG+(H?(1~1).PC11.EI'::1,5)+EFF(1,2»

4022 XCNG=/CNG+(H7(2,1).PC21+EI(2,5)+EFF(2,2»
4025 XCNG=XCNG+{H7(3,1).PC31+EI(3,5)+EFF(3,2»
4 027 DO 4 U:::: 0 I :;:: 1 , ::::
4028 XCLP=XCLP+(H7(I,3)+EI(I,5)+EFF(I,2»
4029 XCEL=XCEL+~~H7(I,2)+H7{I,4)+H7(I~5).EI(I,6).EFF(I,2»

4030 4030 CONTINUE .
4031 XCEL=XCEL+{H7{1,1)+(1 .. -PCll)+EI(1,6)+EFF(1,2)
4032 XCEL=XCEL+(H7(2,1)+cl.-PC21)+EI(2,6)+EFF(2,2»
4033 XCEL=XCEL+(H7(3,1).Cl.-PC31)+EI(3,6)+EFF(3,2»
4035 XCNG=SUMCNG+XCNG
4 036 ::<CEL=:~:UI'1CEL+::<CEL
4100C .... OTHER USES ...
4200 sur'10i'-1G=SUt'10r--t6+ (RDD1+PADDI'H3+EI (.1,7) +EFF (1,4»
42 I) 1 :s:ur'lQ~'-lI~=:::;:Ur'lOr-H3+ (ADD2.PADD~-lG~E I (2, 7) ~EFF (2, 4})

42 02 :S:Uf'1iJ>11~=::;:Ur'10r-ti:,+t:.HItD3+PADDnG~EI (3, 7> ~EFF (3,4) ::.
4R05 SUMOEL=SUMOEL+(ADD1.(1.-PADDNG)+EI(1,S)+EFF(1,4»
·4206C .... 1HESE GO TOCOMMER ... SUMOEL=SUMDEL+(ADD2.(1.-PADDNG)+EI·(2~8)+EFF(2,4»
4207C SUMOEL=SUMOEL+(ADD3.{1.-PADDNG)+EI(3,S)+EFF(:3,4»
4210 XDNG=XDL?=XDEL=O.
4215C DO 4230 1=1,3
4217 1=1
4220 XONG=XONG+(H7(I,1)+EI(I,7)+EFF(I,2»
4225 XOLP=XOLP+(H7(],3)+EI(I,7)+EFF(I,2))
42"26C >::OEL=;:<O~L+ ( .:.H7 .:. I , 2) +H7 (I ,4.) +H7 (I , 5) ") +E I (I , :::) ~EFF (I ,2)")
42:=: (I 42:~: I) c:or··rr I t'iUE
42:::: ~I ;:.:: 0 nI:=:s: Ur" 0 1'11::;'+::~; 0 r"~ i::r
4216 XOEL=SUMDEL+XOEL



,...' t

429?C RESIDENTIAL ELECTRIC EQUATION FOR OTHER USES .
4300 XDELH=1.16392-(7.511/{YTCNYEAP-1975)+1000/HH(NYEAP-1975»)+(.544+XDELH)
4301 XOEL=EXP(XOELH)+(HH(NYEAR-1975»/1000.
44'37 F'R I fiT 5 (I 1
4493 501 FDRMAT(. NATURAL GAS FUEL OIL LPG ELEC OTHER+,
4500++ TOTAL+)
4501 PRINT 4502, (HS(1,J)~J=1,6)
4502 ~502 FOPMAT{1X~.SINGLE FAMILY+,6F8.)
45 0::: F? I nT 45 (14, {H:::;: (2 :t .j> ,.J=1 , 6:;'
45 04 4~1 (14 FORl'lFtT (1 >::, ""'1ULTI Ur'i ITS+-, 2;':;, 6F8. )
4505 FF.' I I"-iT 4506, (H:::;: C3, .J) , .J= 1 ,6)
4506 4505 FORMAT(1X,+MOBILE+,7X,6F8.)
4510 PRINT 4520,HS(1,1)+HS(2,1)+HS(3,1),HS(1,2)+HS(2,2)+HS(3,2),HS(1,3)+
4511+~S(2,3)+HS(3,3),HS(1,4)+HS(2,4)+HS(3,4),HS(1,5)+HS(2,5)+HS(3,S),

4512+HS(1,6)+HS(2,S)+HS(3,6)
4520 4::,20 FORMAT (1:;':;, +TOTAL+,.8>:;, 6F8.)
4S'3'3C •• '" '" • II>

. 4793C: •••••• EFFC·.... Ir'lF'RO',/Et'1Et'iTS ON ~~E\.t.1 STOCI< At'~D PRICE EFFEC:T::;: ON E::~:I:S:TING ....
4800 IFtNYEAR.GT.1995)6D TO 4841
4801 EFF(1,3)=EFF(1,3)+.984
4802 EFF(2,3)=EFF(2,3) •. 979
803 EFF(3,3)=EFF(3,3)+.990
4804 E~F(1,4)=EFF(1,4)•• 986
$805 EFF(2,4)=EFF(3~4)=EFF(1,4)

T810e ... PRICE EFFECTS ON EXISTING STOCK ...
4820 ·DD 4825 1=1,3 ~

4821 EFF(I,1)=EFF(I,1) •• 994
4825 4:=:25 EFF (I ,2) =EFF (I , 2) .'. 992 II
484 OC. • • • •• TOTRL:::;: ••••••
4841 4841 XTNG=(XHNG+XWNG+XCNG+XONG)/1000. ~.J..
4842 XTOL=XHOL/13869(1. ~~

484::;: ::·::TLP= (;:'::HLF'+::-::I.I.lLP+;:':;CLP) /92 (I I) o. r.~.. )t'
4844 XTEL=(XHEL+XWEL)/1000000.
4845 XTEL=XTEL+XOEL
4:=:46 :::;1 DT=;:<HOT/ 1 0 I) I). }. .-

4 ::: ~i (I c. . . . ~ ;/ > .~:~
;i'4:=:51 PP. I t'~T 4:=:52, ::<Hr·1(;.····1 0 (I I). , >::HOL ..···13::::6'3 (I. ,::<HLP ..... 92 00 (I. :t ::<HEL.·..·1 000 I) (I I) '" ,::-::HD"fj:-r-)~~ o.
4'-'1::"'-' 4'-';:::-'-' FOrtM - T .'. 1" · ·-·F'H-'-·EHEH-TI jJI- I-H- .-. 0 I L LP ELEI-' OTHEL I::"F - ... . .. ."O·_IC '='·_'C /"';. HI...... ' j':" ;:;. _. ·1.::r .::r .;:;., , , _., r-::+, ._1 :=:... /.~_.

4860 PRINT 4861,XTNG,XTOL,XTLP,XTEL,XTDT 1:_.:.
4861 4861 FDRMAT(lX,.TOTAL+,29X,5F8.)·
4900 IF(NYEAR.EQ.2000)GO TO 5000 ~~

49 I) 1 t·1·....EAR=NYERF~+ 1 ~... :
4902 (;0 TO 1000 I··'"
5 (I (I I) 5 I) (I (I :S: TOP
~I I) (I 1 E t'i [I...:....:..=:.--_----------""----------------



Il,

'''1r1'., '
I·r
~
,~.

5'15.

220.
927.

21.

21.

. 26.

ELEC OTHER TOTAL
E,~=~4E· .. 2112. 1 0426:3.
2::::~: CI •. 0 21 :=::=:E.•
1540. 216. 7'397.

1 1216 .. 2:~:2:=:. 1:34146.

402'3. q'7 21 ~...-.t-.
_" I .. . c..cc,.

::;:7E,5.
4755.

?=,.-:.
J '_'._1.

LPG
'351 ::::.
1270.

11571 •

FUEL OIL LPG ELEC OTHER TOTAL
6745:3 .. '351:3 ;, 62::::9. 2155. 1 02424.
1 040::::. 1270. 2617. (I 20471 .
4193. 7~=::::: • 1447. ·-.c ..-. ::::090.'::'~'c. •

::::205'3. 11571 . 1 035::::. 240:=:. 1 :309:::5.

FUEL OIL LPG ELEC: OTHER TOTRL
67442. 1351 ::::. •- c:::- .- -:- 21 :34 • 1 03345.1:•._1'::• .- ..

1 0752. 1270. 2724. I] 21 1 ::~2.

::::'3'37. ?1-'·-' 1491 2::::4. :=: (!2:=:.." .=....:.. .
:::::2191 . 11571 . 1 0782. 2:~:E.:=:• 1:32555.

FUEL OIL
67420.
11090.

LOG OFF 10.43.04.
SPU 1.481 UNTS.

'------------------_._----.... - ,--

1977

SPACEHERTING GAS,OIL,LP~ELEC,OTHER

TOTAL

nRTUPRL I:::;A:~:

SINGLE FAMILY 17684.
MULTI UNITS 6437.
MOBILE 1523.
TOTAL 25644.

RESIDENTIAL FUEL DEMAND MODEL--CUNI AREA (MER-FORECASTING)

SPACEHEATING 6AS,OIL~LP,ELEC,OTHER

TOTRL

_... -

1976
t'-iATURAL GA:S:

SINGLE FAMILY 17004.
MULTI UNITS 6176.
MOBILE 1415.
TOTAL 24595.

tiHTUF.'AL GA:S:
SINGLE FAMILY 18366.
MULTI UNITS· 6696.
MOBILE 1643.
TOTAL 26705.

pun,E=4

78..... 10/24. 10.42.04.
MNF PROGRAM EVPESCN

PC

SPRCEHEATING GAS,OIL,LP,~LEC,OTHEP

S TOT +TERMINATED.
READY.
B"r'E

ZEA6905
p' \H022



APPENDIX 7- --
Fuel Price Projections and El~8ticities

TABLE 64

REAL GROWTH RATES
(Do Not Include Inflation)

Natural Gas Fuel Oil LPG Electricity'

Residenti21 5.1% 1.6% 2.4% 2 ~et
.-.1/0

Commercial 5.6% 1.7% 2.5% 2.5%
Industrial 6.3% 1.7% 2.5% 2.5%
Transportation

Source: Fed::nal Register, Vol. 42, No. 125, June 29, 1977, p. 33171. (For FEA Region V)

1Bas~d on coal growth rates in above source.

2rl1innesota Energy Ag:!ncy.

Coat Gusoline2

2.5%
2.5%

TABLE 65

SHORT-RUN PRICE ELAST1CITIES FOR REGION 5, FEDERAL ENERGY ADMINISTRATION
1976

-0.229 I

.~ ~. -_O_.1_48_J

Electricity
N2tural Gas
Distillate Fuel Oil
ResiduJl Fuel Oil
'Uquefied Petroleum Gas
Gasoline
Jet Fuel ,/

Residential

-0.126
-0.180
-0.165'

-f,.442

, Commercial

-0.247
-0.282
-0.339
-0.216

Industrial

-0.106
-0.166
-0.209
-0.130
-0.162

Transportation

-0.372
. -0.114

Source:, Computer OUTput of FEA Regional Demand Interface Modal, January 6, 1977.

TABLE '66

DEMAND CROSS PRICE ELASTICITIES FOR SPECIFIC FUELS, COMMERCIAL AND
INDUSTRIAL SECTOR, REGION 5

FEDERAL ENERGY ADMINISTRATION, 1976

FUEL DEMAND

Natural Distilla te Residual
. Prices Electric Gas Fuel Oil Fuel Oil LPG Coal

Commercial Sector

E!2c:ric -0.247 0.092 0.118 0.035 0.0
Natl:rcl Gas 0.047 -0.282 0.044 0.013 0.0
Distillate Fuel Oil 0.023 0.017 -0.339 0.006 0.0
Residual Fuel Oil 0.015 0.011 0.014 -0.216 0.0

Industrial Sector

El2c~ric -0.106 0.086 0.088 0.044 0.062 0.123
Natural Gas 0.034 -0.166 0.046 0.023 0.032 0.064
Dist:lla~e Fuel Oil 0.005 0.006 -0.209 0.003 0.004 0.009
Re5id:J3! Fuel Oil ' 0.004 0.006 0.006 -0.130 0.004 0.008
Uc;~~ified Petroleum'

Ga:; (LPG) 0.003 0.004 0.005 0.002 '-0.162 0.006
Coal 0.011 0.014 0.015 0.007 0.010 -0.261

Sour~G: Com;.;uter Output of FEA Rflgional Demand Interface rV1od~l. Jan. 6,1977.
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APPENDIX 8

An Alternative Approach to Gasoline Forecasting

An alternative forecasting approach that extends the econometric method by

decomposing further the structure of the model can be tested with more 'data at the

st~te and regional level. Gasoline consumption is the product of average vehicle

fuel economy (}~G )
t

=

'.
Since fuel economies (and vehicle miles travelled) differ substantially between

small and large cars:
.-

Ct
Vt ~st R

Lt J=
+ MPG

LtMPGst

where

..
:'

V
t

= miles travelled per car

Rst,RLt = total nUBber of small and large cars, respectively

average miles per gallon of small and large cars,
respectively

and Vt can be differentiated into recreation related and non-recreation related

activities:

where

~ R
Lt J~t == V st +

Nt '1PG MPGLt1 st

V ~Rst R JC
Vt = + Lt

Vt HPG HPGLtst

CNt = Estimated consu~ption for non-recreational
activities

C
Vt == Estimated consumption for 'recreationa! related

activities.



Estimates of V. , and VVt are obtained for the state by deriving the
Nt

proportion of gasoline consumption used for non-recreation activities, i.e.

gasoline consumption during the months of January to April. Estimates of the

small car-large car breakdown of the automobile stock were made using new car

registrations, and thirteen year average car life. Also) national NPG data for

these two car types are adapted. Thus, a historical series can be construc.ted

for the state:

= +

klerage vehicle miles for non-recreational activity can. be related to:

where EHP
t

= employment

PG = price of gasoline
t

Applying state esti1I1...ates of Vvr
t

and split of car stoc.ks between small and
.1.1

large cars, ~asoline consumption in the region for non-recreational activities

can be determined. The recreational related consumption is obtained as a residual

(total regional consumption minus. non-recreational es.timates.) and related to

state'economic conditions:

C
R Vt

=f'ry, UN ,PG ; POP , ~ J
l:t S,t S,t s,t R vt-l

"In forecasting, V
Nt

can be forecast independently' for the region or state

estimates can be adapted. Adjustments should be made for future changes in

regional .employment and the price of gasoline.

Additional equations are needed to forecast the· desired stock of cars and the

split of new cars into small (fuel efficient) cars and'large cars. The desired

stock of cars:



.".

) ..

pn
R (t)

where R = total number of cars in the region at time t
R t

RYt = personal income in the region at -·time t

PG = price of gasoline in the region at time t
R t

R
U = unemployment rate in the Region at time tt

and the choice of new car types:

_d_i_t _ =f[yR• t • i:J
dit

plus the constant:
dit + d2t = 1.0

where

new R.r

are used to derive desired total numbers of small cars and large cars:

= (l-Di)R. + d. ~..~J.t-.-l l.t. 1J-

subscript i = I or 2 to designate small or large cars, respectively

D
i

= proportion of R
it

that is to be~replaced at time t

d. = allocation constant of the total new cars for type i
1-

Gt'~desired growth of car stock

The net additions to. s,tock (G
t

) represents the difference between e."{isting stock and

desired total stock for the next period. Replacements are assumed equal to the

number of depreciated cars so that stock differences between two periods represent net

grow~h in car numbers.



I •

Forecasts of desired miles of travel for nen-recreational activities,
i

split of t~t~l number of cars a~cording to small car-large car categories and

fuel economy (p~G) targets of the automobile industry are combined to predict

gasoline consumption for non-recreational activities:

c v· R R R
R Nt· R Nt

R st R t R st

'" + T'\

HPG HPG
s st s Lt

.*
wheee V

r
.:t'. R Nt

= forecasted miles travelled for non-recreational activities
per car in the region

R
R t

= forecasted total numberof cars in the region

R
R st

= forecasted total nu~ber of small cars in the region

Added to forecasts of recreation type travel from the econometric model, total con-

s~~pticn for the region can be projected.

= estimated fuel economy for small and large cars

'i

/
J

l

f

(+ C
R Vt

C
R Nt

=C
R t




