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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 M6431, 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
roa
for major users and industrieé in the copper-nickel
e 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 persommel
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 MEQC 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 fuél use coeffiqients. These fuel use coefficients
and fuel substitution felationships could then be used by MEQC to tie SIMLAB pro-

jections of industry outputs to future fuel demands.



The Copper—Nickgl Study Area was defined as Minnesota Economic Development
Region 3, plus Douglas County, Wisconsin. A 62—secto; grouping for industries
was épecified to MEA by the Regional Copper—Nigkel Study Staff, to coincide with
SIMLAB-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
daéa sources available to MEA. Results of direct inquiries to industries and
energy suppliers, and Qf a fuel use survey concei&ed and carried out jointly by

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

!

estimates compiled on the MEA data base. "

4
i

2
" 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 %ritten by MEA as a computer subroutine for SIMLAB.

‘in accordance with objective 3 of the agfeement, residential, gasoline, and
electric energy demand models were built by MEA. A structural approach was used
because enefgy intensities are hardly applicable for these end uses and fuel types.
In addiﬁion, 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, électric power generation,
and other large industries. The possibility for alternate energy sources and

processes such as coal gasification and peat gasification are also explored 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 SIMLAB late in
the project. The fuel substitution model has been gstimated using survey data
on 62 industry sectors. Transformation into 53 séctors 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 survey 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 substifution model
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 ITIY 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 IIT 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 using all data available to MEA. It will require considerable
programming work to incorporate these forecasting procedures into SIMLAB. Pre-

dictor variables 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 SIMILAB 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 data for Region III. Fore-
casting models built thus far will be consolidated into a reglonal 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
td a 2-digit Standard Industrial Classification (SIC) code. Food processing
industries will be specified at the 3-digit level while energy industries will

be linkecd 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.
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1.0 1Introduction

1.1 Background for the Study

Socioeconomic impact assessment of copper nickel development in Northeast
Minnesota is organized around a cdmputer simulaﬁion model built at the University
of Minnesota. SIMLAB II, the demographic—economic‘model of the study area,
forecasts the level of economic aétivity 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 nigkel development. In order to predict
impacts on fuel demands, this model re@uireé aéset of base year cbnsumption

patternﬁ,“energy use ihtéhéipig§:\and fuel substitution possibilities.

fhe Minﬁesota Energy Agency (MEA) executed an agreement with the Minnesota
State Planning Agency (SPA) for specific work in energy (Attachment 1). This
effort was intended to provide SIMLAR with daga inputs and submodels for
forecasting demands for various fuels in the area. Discussions on forecasting
methods, lé%els of detail, and incorporation of the fuel substitution model into
STMLAB Qére held among the MEA forecasting group, the Socio-Eccnomic Impact

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

Department of* Agricultural Economics Staff of the University of Minnesota.

MEA is interested in building fuel demand forecas;ing submodels into STMLARB.
Methods for regionalization of fuel demands can be devised in an area where economic
data are ﬁot Qery restrictive., In addition, the state model can be verified upon
completion of economic and energy forecasts for all régions. However, inadequate
verification of responses from the fuel consumption survey, changes in industry
-sectors of SIMLAB later in the project, and programming difficulties in
incorporating the fuel substitution computer model into SIMLAB deléyed the project
apd limited the scope of this report to the specific requirements of the work

agfeement. The MEA Forecasting group does not have the responsibility for

- 1.1 -
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building operational fuel submodels into SIMLAB, but specifies in this report

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

area.

1.2 Objectives of the Study

>VAThe work agreement specifies thfee goals of the project
(1) To develop a set of.energy and fuel use coefficients
| for major users and indﬁstries in the coéper nickel
area for a 1974 base year. ’
.(2) To develop a fuel substitution ;odel for large
VA F;f - 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 work agreement was first revised by moving the base year from 1974 to
1976. Surﬁéy 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 andvinvolved significant editing work for MEA Forecasting
(Attachment 2). A 62 order industry breakdown specified for the project
(Attachment 3) was later revised into the 53 sectors of SIMLAB nécessitating

reaggregation of industry sectors for the fuel substitution model.

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

report, upon the request of MEQC. The 1978 Energy Conservation and Policy Report
~of MEA, natural gas curtailment list and pﬁher MEA sources were used to project

long term supply for traditional fuels.

-1 7 -



1.3 Organization of the Report

Section 2 deals with the long term supply outlook for traditiomal 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 intensities (BTU/employee) of primary fuels are compared
with statewide and natiénal 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 im Douglas County, Wisconsin, into 62 or 53 industry sectors.

.Section 4 shows the strgcture, estimation methods and forecasting procedures
of the fuél substitution model. Also, fuel demand forecasts are presentzed 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, Wiscomnsin, 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.

- 1. 7 -



2.0 Fuel Supply Outlook

'

2.1 Statewide o E

The decline of natural gas supplies is the most crucial energy problem facing
Minnesota today. Natural gas supplies transpoffed to the state have declined
since 1972. Northerm 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 1995.3;The remaining 7 percent of natural
gas §up?1iés to the state come from Canada. These supplies should begin to
decliﬁ;‘in 1984 and reach zero by 1992. WNew supplies can be expected from Alaska
as early as 1982 and will remain fairly constant through 1995. Another potential
source of gés is a proposed peat gasification plant in 1984. This remains highly
‘uncertain, however, due to environmental consideratioms.

’
’

The oQgrall picture for nmatural gas is a 5-10 percent annual decline in
supplieé starting in 1980. This decline could be delayed until 1985 with the

‘successful completion of a small scale peat gasification plant.

A deciining 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 curtailments in the near future.

As natural gas curtailments continue, demand for petroleum products will
increase. Long~term availability of petroleum as a substitute fuel for curtailed

gas remains highly uncertain.

- 2.1~



Petroleum products made from crude oil totaled approximately 45 percent

of the state's energy needs in 1976. Minnesota can expect 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
!

’
S

Minnesotg's refining requirements in 1977. New supply routes for crude oil
must be 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 o0il 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 froﬁ 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 altermative 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 declime in 1986.
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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 natufal 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
énd 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 switch 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 towards newly planned
or constructed generating plants, it seems unlikely that this many plants could

be built.

To avert tﬁis 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 envirommental 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 additioﬁai coal fired po&ef plants.

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

and the unéertainties surrounding doubliﬁg or tripling~coél use, -conservation



and alternative energy sources remain as ﬁﬁe 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. Althougﬁ“conservation programs exist today,
there is still a potential for greater energy savings. These savings could be
aéh;eved if prices, government support and consumer cooperaiion are all aligned

to bring about an effective conservation program.

The altermative enérgy sources that need to be developed include solar,
wind, wood, agricultural wastes, wetland plants, urban solid wastes and peat.
Most of these are technologically feasible today. Institutional and economic

o
problems remain the major obstacles to rapid commercialization.

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

problems should be developed. There must be dramatic improvements on the

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

’
7

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 effért, a supply and demand balance
for fuels could be managed over the long term without several ecomnomic 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. Co;l is used almost'exclusively for electricity generation by
the ﬁeserve and Erie Mining Companies. Future scarcities of natural gas and

dramatic changes in price ratios among alternative fuels will require substitution

- 2.4 -
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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
largeiinvestments in coal transportation facilities, conversion of taconite

plants to enable coal burning, and pollution abatement equipment.

- The lumber and forest products iﬁdustry faces restraints to‘growth similar
to the taconite industry. Thelproblem does not 1ie<with wood and lumber, as
these industries are labor intensive., Pulp and paper, however, utilizes the bulk
of the industry's energy, and Qill be'most';ffécted. As the industry is curtail-
ed iromJnatural gas (which accounts for 80 percent of total fuel use) it probably
wiliV;;;k 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 aélmore energy-intensive electrical equipment is installed. The pulp
and papér industry is currently struggling with this while it is stressing con-

‘'servation to stay ahead of declining supplies and rising fuel prices.

- 2.5 -



2.2 Region IIT - 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 ﬁaturally 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
I

value of 1000 Btu per cubic foot.

A

At

;A:éixegt pipeline system exists between t£e gas well and the user of natural
gas. -This system requires careful controi to insure that pfessures and flows are
maintained. At times of lower demand, natural gas can be stored underground as
,liqﬁid natural gas (LNG) in cryogenic containers. During the winter, this stored
gas i1s then fed into the distribution system'at times of peak demand. Propane from

s

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,
N _
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

Harbors and one extending northwest to Hibbing and Virginia.

Inter-City Minnesota Pipelines, LTD and Great 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 cormer of the staée

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

serves Grand Rapids and Cloquet.

- 2.6 -
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Fig., 2.1 Natural Gas, Petroleum, and Coal Supply Network, Copper Nickel Area
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Fig. 2.2 TELECTRIC ENERGY SUPPLY NETWORK, COPPLER NICKEL AREA
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Natural gas is distributed to all counfies in Region IIT except Aitkin
and Cook ‘(breakdown of sales shown in Figure 2.3). Peobles Natural Gas is the
largest distributor, accounting for 28,838 billion Btu (53.5 percent). Peoples
receives all of its gas from Northern. The secbnd 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 thé total gas consumed in 1976 was distributed by the following four
municipals; Duluth (9.8 percent), Hibbing'(O.S percent), Two Harbors (0.8 per-

cent) and Virginia (0.7 percent). !

g

C ' ~,Ré§ion IITI consumed 53,906 billion Btu of natural gas in 1976, which was
//13.75 ﬁercent of the State total. The two most energy intensive resource related

/ﬁ$iﬁdﬁétries, iron ore mining and the pulp and paper industry, accounted for

9470
el

/;“;) 30,894 billion Btu (57 percent). )

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

The tﬁird largést consumer was the residential sector with 4048 billion Btu
.(8 percent). The remaining gas was coﬁsumed 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 declihe 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 projectéd Alaskan supplies beginning in 1982) and Canada.

Region IIT is in a slightly different situation due to increased dependence

on Canadian Gas -- 21.5 percent compared to 7 percent for the state. MNatural gas



Source
Pipelines

NORTHERN
NATURAL
GAS CO.

42,310

5290

420

379
416

28,838

Figure 2.3

(10% Bru)

Distributor

REGION TII NATURAL GAS SALES, 1976

' DULUTH

DULUTH _}’

| Two Harbors | 420 0.8
[Virgiaia ] 379 0.7

S Point of Delivery

5290 9.8

[ Wibbing ] 416 0.8

Inter-City
Minnesota
Pipelines Ltd
7,215
Great Lakes
Gas Trans

4,381

Source:

GAS LID., INC.

18,563

5290
V;”—_-—_—~“”“f"j”"ii&é_ﬂé?ﬁbrs 420
I Virginia 379 5
_ L Hibbing 416
PEOPLES TACONITE
NATURAL GAS 28,838 MINING
(Division of
Northern Natural
Gas)
\\
3056 o
' . Range Towns
~._2_2=,(_)_8 except-Cloquet
_ | ‘ 2703 ‘ -
INTER~CITY o3 T —— Cloquet

4,147 Grand Rapids
7,215 {International
Falls

REIS, Federal Power Commission Form 2 (1976),
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30,894 57.3

2208 4,1

2,937 5.4
4,147 7.7
7,215  13.4

Total 53,906 100%



curtailments to the Reglon will oceur in two stages. The fixst began in 1973
when Northern served notice to large industrial users that they would soon be
curtailed ° -as. Gas consumption in Region III dropped 7.5 percent from 1974

to 1976, approximately the same as the state decline.

Prom 1976 to 1977, however, régional gas consumption dropped almost 7 percent
and is projected to continﬁe decliﬁimg 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‘1982. Within the industrial sector,
taconite and iron mining will feel the bigge;t curtailmentvof 50 percent by 1982.
Inltﬁéfshqrt run, this gas shortage will be ﬁade up by fuel oil, while in the long
run; the taconite firms may switch to coal or coal gasification. The electric
utilities are almost completely curtailed andlhave successfully switched to coal.
Other sectoré that can anticipate-problems include the lumber sector, petroleum
refining, stone, 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 supplies could drop to zero by 1992.

For the two towns in Region III served solely byvCanadian 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 fér electrical gemeration

and may be replaceable by coal. The power plants could also be closed
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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 curtaiiment could be that the residential
and commercial sectors may be cut off around 1990. These customers may be fofced
to switch to an alternate fuel if domestic gas does not replace Canadian supplies.
Coal gasification plants ana peat éas from the proposed peat gasification plant

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

I

Potgntial Gas Sources
f:\Aiéhough Minnesota's traditiomal sources of natu%ﬁl gas are declining, thfee
newwgas éo;rces 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

amdunt of Alaskan gas was Ilncluded in the supply picture for the Region. The

s
s

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

~and higher if Minnesota receives 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 ﬁtu/cu.ft.)'that must be used

at the location where it is generated 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 plaﬁt with the aid of a grant from the
-federal go&ernment. This demonstration plant, scheduled for completion in 1981
or 1982, could supply up to one-third of Erie's fuel requirements for pelletizing

(almost 2 trillion de). If the project 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 Mimnesota, Duluth. This gas will be used primarily

for space heating.

The third potential source of new gas is from the peatlands in northerm
Minnesota. Minnesota has an estimated 7.% m%llion acres of peat land containing
some 16.1 billion toms of peat (at 35 percenf‘moisture) with an estimated heating
vaigéwgf.ﬁpoo Btu/1b. If 10 percent of peatllands wefe developed for energy,
the.;mOunt 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 need to be answered.
4

Minﬁégasco plans to build a demonstration plant by 1985 that would produce
28 billion cubic feet per vear.' 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
0il Cémpany in Wrenshall (23,500 barrels/day) énd Murphy 0il Company in Superior,
Wisconsin (45,400 barrels/day). These two refineries were completely Supplied by
Canadian crude oil in i976 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

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

o

finery at Wrenshall.
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Petroleum products not refined locally enter Mimnesota through product pipe-

lines connecting out-of-state refineries to Minnesota distributors. Minnesota 1is

served by two pipeline systems: the Williams Pipeline Coﬁpany and an Amoco 0il

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 TIllinois.

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 IIT, 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)
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Coal consumption by present users in the Region is projected to double
by 1985 and triple by 1995. Tons burned will increasé‘from 4 million in 1976
to 10 million in 1985 and 14 million im 1995. .The major increaseé will be

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

‘This increased coal use will reéuire additional railroad facilities and
barge traffic. In order for this increase to occur, many environmmental and

economic questions need to be resolved.

Electric Energy
-Jlﬁfl976 there were 29 electric power plants in the Region with a ﬁotal
capacity of 1,296,000 kw. These plants genefated 7.02 billion kwh of electricity.

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

Capacity (KW) Generation (KWH)
Steam Electric 1,176,550 6,668,371
éydro 101,110 338,743
Internal Combustion 18,573 | 9,147 _
1,295,933 7,016,261

Most ofﬁthe electricity (95.1 pe;cent) was generated by steam electric plants
while internal combustion and hydro plants accounted for 0.1 percent and 4.8
pefcent respectively., In 1976, 97 percent of the eleétricitf generated by
steam electric plants waé produced from coal. With the exception of the steam
electric generating plants of paper companies, natural gas is used primarily for
flame sﬁabilization. Similarily, oil is used primarily for peaking purposes

~with the exception 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 électricity generation. They include
two MP&L plants - Clay Boswell (3,296,637,000 kwh) and Syl 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.

v
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3.0 Fuel Consumption estimates for 1976 and Fuel Coefficlents for Maior Users

Consumption data for 1976 were obtained from energy suppliers in the form
of standard reports to federal and state agencies., Direct inquirles by MEA

verified and supplemented the data set.

3.1 Sources of Energy Data

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

Most of the data in this report were qbtained from the Regional Energy Inform-
ation System (REIS). The REIS consists of/twé data bases which contain annual
and qq@rt;¥ly data from Minnesota's natural gas, electricity and primary petroleum
supéiiers} " Included in the data bases are transmission and distributiom of energy;

energy production and storage, and large customer statistics.

The energy transmission and distribution data provide a series of pictures
about the flow 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 summaries
on the amoung of electricity generated by each of Minnespta'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 ratings of.all individual generat-
ing units., Similar data is collected for substitute natural gas facilities and
petroleuﬁ refineries, as well as storage facility infcrmation on the latter two

energy types.

The large customer statistics include: all electtic.consumers who use over
600,000 Kwh per year as well as many émaller users down to 9,000 Kwh per year;
natural gas customers who consume more than 200 MCF on aApeak day and 6000 MCF
.per year, as well as small volume interruptible usersg ;nd all large petroleum

wholesale purchase customers.



Fuel Use Survey

Fuel use questionnaires were included in an ecbnom%c survey conducted by the
University of Minnesota. Inquiries dealt with currentwfuel consumption and fuel
shift intentions of various industries in the érea (Appendix 1). However, the
quality of responses and coverage did not allow‘estimation of industry consumption

totals from survey results alonme.

Natural gas and electriéity consumption totals were determined using REIS for
control totals and a combinmation of REIS and survey data to apportion consumption

by industry sector. ; )

Fe

e

”To;él 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 ghe uti;}ties 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 lérger 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,Acustomers were assigned to 62
industry 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. Aftér this

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

commercial sector by employment.

Ndrthwest Petroleum Association Yearbook - Fuel 0il

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

Petroleum Association Yearbook. The original source was the‘Pet;oleum Tax Division
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of the‘Minnesota Department of Revenue. Only monthly state totals are available
from Petrpleum Tax Division since 1973, so that 1976 estimates for the area were
derived by applying 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 Regiom. The remaining fuel oil was allocated to the
62 industry sectors, 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 ratiq'by total employment in the industry sector.
Since 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 o0il. 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 regiom

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 growth rate. The total was then separated

according to motor freight transportation and all other uses.

Propane Dealers

P:opané was more difficult to trace than either fuel oil or gasoline.A No
county or reglonal estimates were available for control totals. Therefore, a
] ?hone sﬁrﬁey'of'all Region III propane dealers was,ponduétedt 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. Coal consumers

were then assigned to the 62 sectors.

Wisconsin Energy Use by County - Douglas County, Wisconsin
The Wisconsin Office of State Planning and Fnergy 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 consumption estimates by major end user in the Copper
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 fgr Douglas County, Wisconsin, was not warranted'by the quality and

quantity. of fuel data controls, and the lack of detailed employment data for

~ Douglas County.
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Table 3.1 Fuel Use Estimates by Major End-Use,

Copper Nickel Study Area, 1976.

Natural Gas Fuel 0il LPG Gasoline - Coal Electric
(billion BTU)

Northeast Minnesota L
Residential 4,048 12,745, - 2002 120,693 - 2,804
Commercial 2,127 4,615 570 80 1,597
Industrial 46,300 16,512 245 30,107 20,410
Electric Generation 896 2,434 12 48,301 551
Transportation 102 2,039 57 2,019 - 148
Others™ 433 A 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
Comnmercial 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 2,197 > 33 3,122
Commercial 2,439 B 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 consumptio

appears overstated because residential units on natural gas for Douglas

County sum to only 127 of Northeast Minnesota.

increased by the amocunt of the overestimate.

-305—
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Table 3.2 Estimated Tuel Use by 62 Industry Sectors,
Northeast Minnesota, 1976. ~

Natural : Fuel Gaso-=
Gas Coal 0il -~ Propane - line ' Electricity

- (billion BTU) -

AGRICULTURE, FORESTRY, FISHERY

1. = Torestry . 24.9 2.4 0
2. Loppdny camps & logging contractors .9 87.9 2.3
3. Sawmills and planing mills 18.7 123.4 1.0 ' 13.8
4, All other agricultural, forestry ~

and Fishery products & services 43.9 20.3 111.6 370.2

MINING and CONSTRUCTION

5. Iron and Ferroalloy Ores 30,894.0 17,477.0 10,079.2 49,7 16,299.5

6. Copper Ore Mining

7. Other Wonferrous Metal Mining

8. All Other Mining and Quarrying 230.4

9. Construction 2.2 . - 100.3 29.7 9.7
MANUFACTURING

10. ‘Food and Kindred Products 100.2 6.8 96.0

11,  Other Lumber and Furnitures ' 573.3 153.6 1.4 R 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 y : 32.3

14, Chemical and Allled Products 4.5 182.9

15, Petroleum Refining & Rel. Industries 264.1 2,948.3 12.7 219.4

16. Stone, Clay, Glass & Conrete Prod. 711.5 496.0 0.9 “98.6

17. Primary Smelting & Refining of Copper T

18, Primary Productilon of Aluminum

19, Other Primary Metal Tndustries 12.1 467.5 35.7
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20.
21,
22.

23.

24,7

25'

26..

27.
28.
29'

- 30.

31.
32.
33.

34.
35,
. 36.
37.
38.

39.

40,
41,
42,
43,
Lt
45,
46,
47 .

Natural Tuel Gaso-
Gas Coal 01l Propane line Electricity
Rolling. Drawg. & Extruding of Copper
Rolling, Drawg. & Extruding of Alum.
Rolling, Drawg. & Extruding of Non-
ferrous Metals
Fabricated Metal Products 109.8 9,925.0 551.3 176.7
Machinery, Except Electrical 79,4 55 7 28 . 4
- Electrical & Electronic Machinery 1.5 .7
All Other Manufacturing 43.9 95,7 21.9
Railroad Transportation 74.6 1,114.6 43.5
Motor Freight Trana. and Warehousing 6.7 924.4 57.2 2,019 22.4
Other Transportation 20.9 20,693 81.9
Communications 43.2 17.7 43.3
Llectric Utilicies 895.5 48,301.0 2,434.4 551.0
Gag Utilities 13.2 12.3 35.3
Other Utilities 419.8 583.0 .9
TRADE, TINANCE AND SPERVICES
Wholesale Trade — Durable Coods 21.9 4£25.6 32.4 32.9
Wholesale Trade - Nondurable Coods 2.2 125.9 46.3
Buildinpg Materjals and Hardware 13.4 84.7 93.0 R 2
~ General Merchandise Stores 79.6 110.9 _156.7 170.0
Focd Stores 17.5 47 .4 66.8 150.0
Automotive Dealers 20.8 104.7 13.0
Gasoline Service Statioms 6.2 131.5 15.7 22.5
Apparel and Accessory Stores 142.5 23.2
Turniture and Home Furnishing Stores 7.9 190.4 11.2
Lating and Drinking Places 46.0 226.3 92.8
Miscellaneous Retail 32.2 321.2 23.2 49.1
Finance, Insurance, and Real Lstate 32.6 99.1 65.4
jotels, Motels and Tourilsts Courts 61.0 920.4 96.9 69.0
Camps and Trailering Parks 10.0 0.6 i 1.7




Natural ) Fuel Gaso-

Gas Coal 0i1 Propane line Electricity

48,  Personal Services . . 257.3 527.1

49, Pusiness -Services 32.2 190.8 42.7 12.8
50. - Automctive Repailr, Service & Garage 9.6 102.8 ’ 9.7
51. ~ Miscellaneous Repalr Services 32.3 14.6 18.6 10.4
52, Motion Pictures 16.1 : 5.9
53. Outfitters 59.4 18.8 22.8 5.1
54, Other 1.4 .5 . 44,5
55. . Health Services 77.1 83.1 53.3
56. lospitals . 317.0 31.8 127.¢6
57. Fducational Services 612.2 79,7 160.7 225.8
58. Spoedial Sexsiiices 22.1 : 22.2
59. Membership Orpanizations 30.3 342.0 ; 21.5
60. State and Local GCovernment Enterprise 56.1 26.7 141.¢€
61. Federal Covernment FEnterprise 69.3 327.3 166.6
62. Dummy Industries A
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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 this 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 inventory of housing stock and forecasts of housing needs should be
done. SIMLAB does not have this data mnor forecast capability. Hence, MEA derived
all the necessary data and built an end-use ;ésidential 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 frbm 62 industry
sectors to 53 sectors. This required aggregation on the fuel consumption data
and adjustmepts on th; fuel substitution model., Energy use intensities were not
calculated for copper nickel mining and smelting sectors; these are specified for

SIMLAB 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
projecﬁ industry energy requirements. Adjustments on energy intenmsities 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 andAfuél 0il and long term shift

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

sum of primary fuels (coal, natural gas, fuel 0il) by gross output of SIMLAB.



Table 3.3 Estimated Eunergy Requirements Per Household for Various
Fnd Uses in The Residential Sector,Regiom IIIL

End Uses Natural gas, Fuel 0il Electric
& LPG
Single family million BTU kilowatt hrs
Spaceheating ; 183 24898
Water heating - 32 ‘ 5700
Cooking : o 9 1476
Others (clothes drying) 8 998

Multi Units

Spaceheating , 8L 12449
Water heating , 14 2523
Cooking ' : 9 . 1476
Others 8 ' 996

1] .

"Mcbile homes . . ‘ '
Spaceheating 124 ' 16939
Water heating 22 ' 3878
Cooking - 9 A 1476

Others : 8 . - 996

s
’

Source:’ Janaﬁ Peterson, "Residential Energy Prices in Minmesota",
Minnesota Energy Agency, St. Paul (Draft September 1977).
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Energy counsumption totals for these substitutable fuels are given in Table 3.4,

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

L

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 IIT 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 forvself-generation of electricity should
be deducted if additional electric enérgy will be purchased from electric utilities
in tﬁe future. Capital investment and pollution control requirements presently dis-
courage industries from increasing in-plant electricvgenaration facilities. Expan-
sion 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

intensities are then adjusted upwards to include.self-generated power.

Comparison of Energy Intensities in Tndustry - Region ITT
Minnesota and U. S. Averages

Trauniformation of the 62 industry sectors into 53 sectors of SIMLAB presented
difficulties ﬁo MEA. It was not until fuel consﬁmption cqntrols and fuel sub-
étitutiqn pafameters were estimated that the 53 sector redéfinition was communi-
cated to MEA forecasting. Rough adjustments on the fuel substitution model were

ddne in ordér>to forecast at the 53 level, but MEA feels that parameters of the
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o 1, ‘ Table 3.4 FEnergy Consumptfon FEstimated for STMLAR IT
INDUSTRY & DEFINITION 53 Industvv Sectors, Copper WNickel Area, 1976,
. e ;162 SECTORS
;-53 SECTOL}-SL I Natural Nat.Gas Fuel Purchas
e ’ Gas,Fuel Propane Purchased 0il & Coal & Self-
N - 01l & Coal . Electric Except Elec Generat
:-_:3___ | s O o o o ot e s m e Cen Pouwer
o L - (billion BTU) -
1 LIVEsTock
2 QInER A ]
3 PLATLAME A | , S
b AGL FORFIS g 642 111.6 370.2 ) 377
5 _IRON CoF _ 15 S8,450.2 49.7 16,299.5 35,251.4 23,95
6 CTrZp -mc70 ({7 A
7 COrPtr URE g .
8 yiC.PPE¥QAP
9 iCLOPERUG N
L 30 RONmETALMNT 18 230.4 230.%
11 G, chHEFPE ]
12 CUMNSTRUCTN \,9 102.5 29.7 9.7 102.5 :
13 CUGKINLPD 110 100.2 6.8 96.0 100.2 T
14 APPancL ; - :
~—15. LuGeIikGg  {1,2,3 255.8 3.4 16.1 255.8 B
16 ‘-'?f}CjPHOU 11 726.9 1.4 190.1 776.9 T
11 PrPERPROD. 112 17,031.1 28.5 2,701.3  10,424.3 488"
© 18 FRINTING 13 192.0 32.3 192.0 3
—-15 _CHEMICALS 14 4.5 182.9 4.5 187 .
~ 20 FraicHIi - ,
—2)___FcTihclely 15 3,212.4 12,7 219.4 3,212.4 21¢ .
__22_ FPUHNSERPLAS :
o~ _2_.3__;_5_19;;L§CL;\Y 16 1,207.5 0.9 28.6 1,207.5 28
oA 24 _IHCLHETAL
. _25 Cdr‘rr-r"x'l'rT L5
26 _ CGPFCPhuLL 0 A
T 27 OTHEAMETAL §8,19,21,22 479.6 35.7 479.6 35
23 vETEL FRB b3 10,586.1 176.7 661.1 3,450
T 29 ULCHINcAY | 04 135.1 28.4 - 135.1 2§
39 ELECMACH p5 1.5 .7 1.5
U310 RISCHEANUE - 96 139.6 — 21.9 139.6 7T
732 THANSEXC ba — 20.9 81.9 20.9 8
. 337 RAIL iRan 7 1,189.2 43.5  1,189.2 4
- 3% LOQCAL TraN ,
T3S JRUCKTPAn 18 931.1 57.2 22.4 "931.1 2
36 Mﬁ TRAN | .
T3V COTEONICET 80 43.2 17.7 43.3 43.2 47
35 ELTCTRICAL {31 51,630.9 551.0  51,630.9 557
39T _GFS SCRTIC |32 13.2 12.3 . - 35.3 13.2 37
C 40 wWATEZa 33 1,002.8 6.9  1,002.8 3
£1 wiCLE SALE (34,35 575.6 32.4 79.2 575.6
__PETAIL 36-44 1,583.2 355.4 . 540.0  1,583.2 5.
43 *F. {, | )45 131.7  65.4. 131.7 &
&4 PrAL EST, Y
"S__ nCTELS {46-43 1,816.64 97.6 70.7____1.816.4 7
a6 Buss Servy 19 223.0 42.7 12.8 223.0 . 1
T AT CRP mEPuyR dsg 51 159.3 18.6 20,1 159.3 5
o A8 pMUSEErNY - i52-54 96.2 22.8 - 54.8 96.2 5
i) 49 FEUTCAL 20 155259 1,756.0 ' T 445.8  1,756.0 W
Su__FcU. 6ovy 6l 396.6 166.6 396.6 16
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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 Stﬁdy staff
using Dun and Bradstreet and Minnesota 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 ageskof plants, p¥oduction processes and extent of self

generation of electricity. For commercial sectors, space conditioning requirements

i
v

vary dramatically according to climate. It appears inadvisable, therefore, to rely
solely on energy intensities at the national or state levels in estimating energy
and fuel use for small areas. Forecasts using adopted emergy intensities would be

‘misleading.
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TABLE 3.5 ,
ESTIMATED ENERGY USE PER EMPLOYEE,
COPPER NICKEL ARLA, MINNESOTA AND U.S.

»Copﬁer Nickel Area Energy per Employee  Purchased Electricity

Primary Purchased Fmploy- C/N  Minn. U.S. C/N Minn. U.S.
Fuels — Electric — ment, (1976)(1974) _(1974) (197A) (1974)  (1974)
~-billion Btu - # ' - million Btu per employee —
_ AGRICULTURE, FORESTRY, FISHERY :

1. Forestry 27.3 405 67.4
2. Logging camps & logging contractors 88.8 2.3 27 3288.9 85.2
3. Sawmills and planing mills 143.1 13.8 310 461.6 299.7 44,5
4, All other agrdicultural, forestry

and Fishery products & services 175.8  370.2 295  595.9 1254.9

MINING and CONSTRUCTION
5. Iron and Ferroalloy Ores 58499.9 16299.5 13383 4371.2 5521.3 1705.9 1217.9 1538.8 538.0
6. Copper Ore Mining
7. Other Neorferrous Metal Mining
8. All Other Mining and Quarrying 230.4 133 1732.3 2991.4 701.9
9. Construction 132.2 9.7.: 8425 15,7 __'386.9 1.2 118

MANUTFACTURING
io. - Tood and Xindred Producltg 107.0 96.0 2242 47 .7 843.4 512.7 42.8 48, 4 83.3
11.. Other Lumber and Furniltures: 728.3 190.1 2036  357.7  254.4  171.7 93.4 35.7 46,2
12. Papcr and Alliled Products ) I7059.6 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
14.  Chemical and Allied Products 45 182.9 141 31.9  465.2 2893.6 1297.2 113.4  563,3
15. Petroleum Refining & Rel. Industries 3275.1 219.4 140 23036.4 10233,3 10130.6 1567.1 676.3 743,6
16. Stone, Clay, Glass & Conrete Prod, 1208.4 28.6 586 2062.1 1184.7 1942.2 48.8 133.9 157.8
17. Primary Smelting & Refininpg of Copper 4172.6 339.8
18. Primary Production of Aluminum 5210.5 9535.8
19, Other Primary Metal Industriles 479,06 35.7 1160  413.4  441.6 1983.3 30.8 180.8 332.0
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R

Copper Nickel Area Energy per Employee Purchased Elet lcity
Primary Purchased Employ-C/N Minn. U.S. c/N Minn. ~  U.S.
Tucls Electric ment  (1976) (1974) (1974) (1976) (1974) (1974)
-blllion Btu - i - million Btu per employee -
20. - Rolling, Drawg. & Extruding of Copper 650,0 2047
21, Rolling, Drawg. & Extruding of Alum, 1255.6 276.3
22, Rolling, Drawg. & Extruding of Non-
ferrous Metals 293.6 : 142.7
23, -Tabricated Metal Products 10586.1 176.7 999 10596.7 206.9 176.9 3.0 54.8
24, Machinery, Ixcept Electrical 135.1 28.4 1221 110.6 130.8 23.2 6.4 42.4
25. FElectrical & Electronic Machinery 1.5 0.7 214 7.0 93.8 3.3 33.4 47,7
26. All Other Manufacturj_ng 139.6 21.9 1690 82.6 145.3 13.0 36.7 53.4
27. Railroad Transportation 1189.2 43,5 568 2093.7 382.6 76.6 7.7
28, Motor Freight Trans. and Warehousing  -YY7.3 ceab 83U 5623.2 3282.4 2/7.0 5.8
29, Other Transportation 20713.9 81,9 1763 11749.2 13299.0 LG 4 6.9
30. Commmunications 60.9 43.3 1407 43.3 1A2.0 108 8.2 11.3
31. Llectric Utilities 51630.9 551.0 1250 41304,7 ) 440) 8 ) b
32.  Gas Utilities 25.5 35.3 87 293.1 7163.7  405.7 11,5 l15.7
33, Other Utilities 1002.8 0.9 116 8644.8 J 7.8 )
TRADE, TINANCE _AND SERVICES
34, Wholesale Trade — Durable CGoods 479.9 32.9 2983  160.9 128.6 11.0 130.3
35, Wholesale Trade — Nondurahle Coods 128.1 46.3 1677 76.4 J 27.6 J
36. Puilding Materials and lardware 191.1 8.2 1108  172.5 41.8 7.4 6.5
37. "'General'Merchandise Stores 347.2 170.0 3764 92.2 11.5 45,2 18.6
38, Tood Stores 131.7 150.0 3036 43.4 126.8 49.4 14.2
39, Automotive Dealers 125.5 13.0 1802 69.6 39.1 7.2 45,2
40. Gasoline Service Stations 153.4 22,5 925  165.8 102.1 24.3
41. Apparel and A_CCQSSOI‘Y Stores 142.5 23.2 1376 103-6 1(0.5 16.9 50.1
42,  Furnlture and lome Furnishing Stores 198.3 1.2 704 281.7 66.8 15.9 57.5
43,  Tating and Drinking Places /2.3 92.8 6373 42.7 43,0 14,6
L, Miscellaneous Retail 376.6 459.1 2266 166.2 33.8 21.7 40.0
45, Finance, Insurance, and Real Dstate 11,7 65.4 33606 39.1 27.9 19.% 21.1
46, Hotels, Motels and Tourlsts Courts 1u/7o.5 63.0 2354 458.1 T10Y.8 79.3 761
47' Camps and Trailcring Pafks 11..3 1.7 74 152-7 23.2 23.0 13.&
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Copper Nickel Area ‘ Enefgy per Emplovyee Purchased Fleci.«city
Primary Purchased Employ- C/N Minn., U.S. C/N Minn, U.S.
Fuels Electric ment  (1976) (1974) (1974) (1976) (1974) (1974)

- billion Btu -  § ~ million Btu per cmployee -

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 12.9
50. Automotive Repailr, Service & Garage 112.4 9.7 540 208,1 - 56.8 18.0 32 0
51. Miscellaneous Repalr Services 65.5 ' 10.4 308 _ 212.7 21.0 13.8 11 8
52. Motion Pictures » " 16.1 5.2 196 82.1 60.6 26.5 341
53. ' Outiitters 101.0 5.1 194 520.6 67.9 ___26.3 181
4. DiTer 1.9 .5 344 5.5 68,9 129,4 38.2
55. Health Services : 160.2 53.3 3080 52.0 42,9 17.3 8.7
56, Hospitals 348.8 122.6 4588 76.0 188.2 20.7 3z2.8
57, Educational Services 852.6 225.8 244 3494.13 95.8 925.4 32 .8
58, ' 22.1 22.2 2382 9.3 40.5 9.3 _ 32.8

9. Membership Organizations 372.3 21, 321 281.8 117 .8 166 40,3
20. State andpLocgi Government Interprise 82.8 141.6 21954 3.4 68,8 6,4

61. Federal Covernment Enterprise 396.6 166.6 15,5
62. TDumuy Industrics 0.4 A

~
NI
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4.0 TFuel Demsnd 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-
trols, 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 computer subroutine to SIMLAB II was prepared. fhis 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-
trols 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. Data work
and computer programming were handled entire}y 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.
Forecasting procedures for gasoline, propane and electric energy demands are out-
lined in this report.

@ .
4.1 TFuel Substitution Model - Industry Demands for Natural Gas, Fuel 0il and Coal.

The model consists of the following replacement equations:

n
_ Yi(‘t) =b; Yice1y T dice) 321 (1-b,) Yeen + %o (1)
U
i(e) = L . 2)
1+ exp(h; + jzl Ascey 1 By |
- subject to ;
d = ,
=1 30 b @
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where = demand for fuel of type i, i=1,n,

bi = market insensitive or lock-on portioﬁ of fuel X
dictated by the present facilities and processes.

G(t) = growth of total energy demand due to output
expansion,

dy = allocator of market-sensitive fuel demand to
fuel type 1,

Aio = constant for fuel type 1

A, = response ﬁarameter on allocator fsr fuel type 1
13 due to the effect of price of fuel j,

Pj = price of fuel j,

Ui = upper bound for fuel allocator, 0 f_Ui 5-1f

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 techmnology factor. It may change,

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

The term I (1-b.) Y

‘ . J
j=1

for all fuels.

3(t-1) represents the current year total replaceable demand

. The term G represents the exogenous net growth in total energy demand, deter-
mined by éhanges 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 dy is formulated as a function
of relative prices among fuels subject to the constraiﬁt that j§1 dj (t) = 1. This
constraint reduceé the number of fuel substitution equations b? making one fuel
source}fill the energy requirements remaining after demands for all other fuels ha&e
been'satisfied. An upper constraint Ui'can also be set for the allocator d; as in
equation (2). In most instances, Ui is set equal to 1.

The model cannot handle cases of declines in fuel 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

LA
fae

and previous year fuel mix.

Parameter Estimation

An estimation procedure is required to derive the 'lock-on' coefficient bi
and allocator di' Rearranging terms in equation (1):
Y., . =d.,.. +b, (I- . - :
1i(t) dl(t) + bi (1 Ai(t)) Yl(t—l) + I di(t) (1 bj) Yj(t—l) + di(t) G(t) (4)

3l

{
Because there is no constant term in equation (4), ordinary least square regressions
!

through the origin were used for estimation. Only (n-1) equations were needed to
‘estimaté,parameters for n substitutable fuels. The dependent variable is Yi(t) and

the iqdependent variables are Yj(t-l)’ j=1,n and G(t)' The unknown parameters

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

. Source of Data

The MEA' project worksheet accémpanying the contract specified a first stage fuel
substitgtioﬁ model built with data from the natural gas curtallment 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 Univeréity of Minnesota. The Survey form
included inquiries omn 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 substantial editing was required. Useable data were then grouped into
dindustrial sectors upon which parameters of the fuel subsﬁitution model were es-—

timated. A transformation into 53 sectors was attempted without reworking the
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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 énergy intensities (Figure 4.1). These are
combined with substitutable components of current year consumption and allocated
among fﬁels based on relative fuel prices. Forecast fuel consumption is the sum of
the present non-substitutable component, and the additionalA:equirements due to
fuel substitution and industry growth. Further, short term price elasticities and
fuei price projections (Appendix 7);are applied to the estimated fuel requirements
in order to account for price-induced conser?ation 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 yfih price induced-conservation. Imn addition, fuels used for electric
generation are not included in the allocation framework. It was assumed that present
self-generation facilities will be maintained, coal beiug its’primary fuel. Industry
growtﬁ will require additional electric energy which will be purchased from electric

utilities.

The fuel substitution model was written into SIMLAB II by MEA Forecasting.
" Industry demands for natural gas, fuel oil and coal consistent with output project-
ions of SIMLAB are produced (Tablé 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 industrial
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Table 4.1 Estimated Parameters of the Fuel Substitution

i : 53 SECTORS. Model, 53 Industry Sector, Coppel" Nickel Area, 1976.
e ~- Lock-~On Properties Market Allocators
2 b1 37 b3 I &5 d;
- Tt [Natural Gas | Fuel 0il Coal Natural Gas| Fuel 0il Coal
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2 0OThER AG, o /o o - o T o
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8 :"“C oF’-DE“__jiOP L /-0 /-0 /-0 Yo /-0 )
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consumption in Douglas County, Wisconsin aré not included. In addition, low
‘responses and poor quality of survey data cast some d&ﬂ%a 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 demsdnd modél for an economié area. Parameters of the fuel substitution
model can be reestimated for the 53 seétors, revised data inputted into the sub-
routine, and this SIMLAB version rerun to forecast fuel demands. A computer

! /e

printout Qf the fuel substitution subroutine is given in Appendix 4.

/
7

M
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- Table 4.2A . Industry Fuel Demands and GrosskOutput Projections,
Copper Nickel Area, 1976,

Fuel Demands (Million Btu) Gross Output]
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Table 4.2B Industry Fuel Demands and Gross Output Projections,
Copper Nickel Area, 1985.
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Table 4.2C

Industry Fuel Demands and Greoss Output Projections,
Copper Nickel Area, 2000.
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4,2 Residential Fuel Demand Model - household demand for natural gas
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, increased travel de—
man@s and other activities that, in furn, will require additional fuels. An end-
use residential model was built by'MEA forecasting for the region, requiring data
on present housing distributioﬁ, forecést growth in number of households and
settlement concentration with respect to thé n§tural gas supply network. Only in
this manner will forecast energy demands by thg resideqtial sector be specified .

accordiﬂg 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
ﬁousehold numbers and assumptions on rural-urban distribution of new households were
used to shoﬁithét'the computer program is opera;ional for attachment to SIMLAB.

Since the é;ample forecasts were based on demographic economic growth conditions uot
géﬁefated by SIMLAB, they cannot be interpreted as fuel demand forecasts for the area.
Unfoftunately, the STMLAB baseline forecasts do not include the variables:
| (1) Number of households
(2) Total Personal Income (1967 $)

7 (3) Temporary“housing needs for_construgtion crews

Forecasts of population, labor demand and labor earnings could be converted to
the predictor variables required by the residenfial fuel demand model. MFEA 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. Housing 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 t?pes, 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). 1In forecasting, price elasticities and price projections are used to account

for consumer voluntary comnservation (Appendix 7).

Specifically, the following procedures were used:

(1) TFrom 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).' Ihese occupied
units were subtracted from total occupied units to estimate
single family (1 & 2 unit) occupied structures in the area
for 1970. The distribution of fuels among owner-occupied
units in the various counties‘were applied to the single
family and mobile home stock. éimilar distributionvfor

renter-occupied units were used for the multi-unit type.
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Estimated Fuel Requirements by the Residential

Table 4.3
Sector, Copper Nickel Area 1976
End Use Natural Fuel LPG Elec Others
Gas 0il

. (million cubic feet)

Spaceheating
Water Heating

Cooking
I

| Others (clotheé
drying)

‘Total

3765
656
189

145

4755

(million gallonms)

98,

98

21

4

lf.

26

(million kwhrs)
212
485
141

75

913

(billion BTU)

423

423
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Table 4.4

Estimated dccug}ed Housing Units By Type,

Copper Nickel Study Area, 1970

1970 All Year‘Round Units Vacéncy Rate* 1970 Qccupied Units
Single Multi Mobile A -
Family | Unds Homes Total ~ MU MH SF * MU MH Tc .al
Aitkin 4867 139 142 5148 5% 1% 3605 132 140 3877
Carlton 7923 431 356 8710 5% 12 7352 409 352' 8113
Cook | 1263 54 83 1400 5% 1% 1041 51 82 1174
Ttasca 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 4453 5% 1% 3415 274 | 263 3952
St. Louis 61,513 11,289 1945 74747 59 1% 57527 |10724 1925 70176
Subtotal 95,620 13,477 3583 112680 86910 |12802 3544 103256
Douglds 12415 2430 621 15466 5% 1% ]11286 2267 615 14168
Total |108035 15907 4204 128146 98196  [15069 4159  [117424

Sources:— U; S. Bureau of the Census, Census

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

of Housing:

1970 Detailed Housing Characteristics

(Final Report HC(1l) 3-25 Minnesota.” UY S.oCovermnment Printing Office, Washington DC 1972.

* FEstimated by subtracting occupied multi-units and mobile homes
from 1970 total occupied units.

b &014 -




(2) Single family occupied units estimated in 1970 were
adjusted for demolitioms, new construction, and con-
versions for the period May 1970 to December 1975.
Demolitions and conversions reduce the housing stock.
Removal rates from the Minnesota Housing Needs study were
applied on the stock of single family housing and then
aliocated over fuel 0il 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}Housimg Need§.$Fudy 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 familly stock were derived from construction
permit data inflated 57 for incomplete coverage of housing per-
mit issuing places and adjusted downwards 2% for non-construction
of permitted units, according to the Minnesota 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 saies of heating furnaces in the

state.
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(3)

(4)

It was assumed that new units on LPG would eventually shift

to natural gas or would ﬁave multiple uses on a farm, etc.,

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 instalied as backup
systems. |

The number of multi-units were reduced for demolitions accord-
ing to the Minnesota Housing Needs Study, and increased for
conversions and new construction between May 1970 and December
1975. The fuel split oﬁ 1970 stock, additions and conversions
by fuel type were estimated following similar procedures as for
single family homes above. | | ’

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 unmits in the area by housing

type and heating fuel for January 1976, Further, water heating, cooking and

other uses were allocated among units aczording to tiza following:

(1) Eighty-eight percent of all units on naturai gas uss this
fuel for watsr hLeating and othsr uses (clothss drying). Twalvs
percent of natural gas units were esti&ated to have slectric
ranges, and this proportion may increase with rising incomes,

(2) Fuel oil and electrie heat;d &nits uss electricity for

7 water heating, cooking and other usss, Units on wood,

vcoal_and other fusls were also assumed using elsctricity
for non=space hesating ﬁsas.

(3) LPG was aszsumed to provids ensrgy for water heating, cooking

and other uses (clothss drying)as well as space heating,

- 4,17 -
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Table 4.5 Estimated Number of Qccupied Residentiai Units

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

- Fuel Type Single Multi Mobile Total
Family Units Homes

N;tural Gas 16,252 5,917 1}288 23,457
' Fuel 0il v67,407 10,027 4,371 81,805
LPG 9,518 1,270 . 783 11,571
Electric 5,981 2,511 1,395 9,887
Other$ 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). Imn
forecasting, new buildipgs were assumed better insulated according to the new
energy building code. Future renewals and conversions wére taken entirely from
1976 stock. In addition, fuel specific price elasticities eétimated for U. S.
Regiqn 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
vmodel. Application of short term price elasticities and price projections convert
fuel requirements 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
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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'buildiné codes and consumer responses to rising fuel prices constrain total
Btu demands unaer 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 units. Fuel oil and
electricity &emands will rise faster than natural gas should new unité be re-

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

In additioﬁ, 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
popﬁlétion 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
acsidential Sector, Copper Nickel Regiom, 1976-2000

Electric
Year # Households Na;ural Gas Fuel 0il LPG space heating Total
(million cubic feet) -(million galloms) (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 2% 272 1042
1990 . 147,667 6277 0 22 277 1095
1995 146,695 6216 86 2 273 1144
2000 145,306 6218 A 84 20 7271 1213
" Business as Usual
1976 : 4755 98 26 212 - 915
1980 | 5465 . 3 25 244 976
1985 6166 93 24 275 1048
1350 : , 6339 91 23 280 - 1101
1995 6280 87 21 275 1150
2000 , 6285 U es 20 274 1220

e By s WL 0 ) e 1 G A R - BLNGIST SR SRR b - SLAISTT AL vt R aa ae
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4.3 Electric Energy Demand Models

Minnesota Power and Light Company (MP&L) supplieswé42 of all electric energy
sold in Region III. Other suppliers for the afea are municipal electric utilities
and Superior Light, water and Power Company for’Douglas County, Wisconsin. Im
estimating forecasting equations for residential,‘commercial, iﬁdustrial and other
sectors, MP&L data were used~enti£ely because this utility was able to break down
electric energ§ sales according to MFA definitions of commercial and industrial.
Other utilities report sales for these categories but their classification system
is based on rate structures. Thus, large cémmércial customers appear as indus-—
trial whiiz small industrial users are classified as commercial. MP&L made a

separéte 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 facil%;y, MPE&L presented user class derand models. Using MP&L consumption
data for thé reasons outlined above, MEA constructed more detailed demand models
fgr the same sectors. A discussion and comparison of the respective models follows

for each user class.

Residential Electric Energy Demand

Farm and nonfarm residential consumption represents only 14% of 1976 electric
energy sales by MP&L. 1In its Certificate of Need application, this utility used

an annualized growth rate equation to forecast future residential sales:

n
ElecR . = BG
]
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where Elec = electric consumptlon by the residential
: >t sector at time t

B = base year electric consumption by the
residential sector

- ' G = growth rate of residential electric
consumption
n = number of elapsed years between base

year and forecast year

This equation was fitted to Historicél 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 perant,for conservation and (n) was varied
accordingﬁ;o the forecast year. Since the reé;dential sector'is a minor portion
Qf‘tﬁg‘I;éd, errors from this procedure, i.e. ﬁoncontiﬁ#ation of historic trends,
would ﬁot be.a'criticai factor affecting the request for need certification of a
large power plant. Residential space heating wduld be an important addition to
load, but MP&IL is not encouraging growth in this end use. The utility justified
its fequest for certification primarily on projected growth of the mining-taconite

,
R4

processing_industry.

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

data from MPE&L:

%%
In E =1.998 -~ 11.446 (l/V ) - .0890 In P + 0.312 In ER -1

R,t Rt Rt
(0.974) (5.953) (.085) ©(.329)
R? = 0.976 F = 152.667 D.W. =2.,157
where ER = residential electyric consumption per
: >t household, year t
Y = real personal income per household
t .
for region III, year t.
P, = real marginal price of electricity 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 growth 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 adver;e effect of rising mafginal 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 currentlobservations 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 héating, water heating, cooking
and other (clothes drying) uses, but uses othef than space heating aﬁd water heating
appear more discretionary and can be modeled using income, price and previocus 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 f&r these purposes were es;imated and subtfacted from residential electfic energy

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

heating and water heating:

1 13.897 (L/Y.) + 0.391 1n P+ 1.291° 1n B}
= -0.062 + 13. + 0. . n E
In _ER,t 0.06 ( t ™ Re R,t-1
(1.386) (7.844) (0.337) (0.288)
R% = 0.812 F=15.884 '  D.W. = 1.84
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1
where ER = electric consumption per household except space

>t heating and water heating, year t

YR ¢ = real personal income per household in the region,
? year t

PR = real marginal price of electricity to the
ot 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-
dictory to consﬁmer behavior. It appears that extrapolations to remove the electric
space heating and water heating compoﬁents of residential consumption distorted the
relationships. When better estimates of these end uses become available, the model

can be tested appropriateky.

Alternatively, the model fitted to total electric consumption was reestimated

without the price variable:

*%* F33 %%k
In E. = 1.572 - 7.511  (1/Y ) + 0.544  1n E
R,t ' R,t R,t-1
(0.889)  (4.631) (0.24%)
R% = 0.970 F = 226.684 D. W. = 1.878

ihis 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. Tﬁe income coefficient may still overestimate consumer response begause the
data used in the regression 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 include& 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

A

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 comservation.

’

MEA fitted an equation to electric energy demand by the commercial sector:

1o B, = -09158™ + 0.3885™ 1n B -0.2959 P . +0.7443"" 1 E_
(0.5093) © (0.1214) | - (0.1197) '(0.0859)
- R?'= 0.995  F = 763.768  D. W. = 2.059
s&ﬂéret Ec,t = Electric consumption by the commercial sector at year t
EM?c,t = FEmployment in the commercial sector at year t
Pc,t = Real electric price to the commercial sector at year t.

" The estimated price coefficient was negative, but statistically insignificant.
Strong correlation existed between the price variabie and previous years consump-
tion,‘lDrosping the preﬁious year consumption variable yielded positive serial
. correlation (D. W. = 1.733). A lineér 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:

I

1n E

k& *%
c,t -3.550"" + 1.344 (In EMPct - 0.071 In EMPct—l)

(0.946) (0.138)

. '
~0.643"" (In P_, - 0.071 1n P, ;) + 0.071 In E_ . ;

‘ t
(0.252)

0.959 F = 140.544 D. W. = 1.883

d
I

Tﬁis function can be used to forecast electric demand by the commexrcial

sector. Price effects including short term price induced conservation are

" handled by the model.
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Industrial except Mining and all other catégories.

57

MP&L developed forecasts for these categories
"on a company-by-company basis through personal contacts,
except for three miscellaneous groupé. Historical records
have shown that the central and westerﬁ.miscellaneous groups
(of MP&L) are quite stablé, therefore, only very nominal
growth has been given to these groups. The northern region

growth rate has been increased to about 1.07 to reflect
/ s

Fe

additional growth of facilities to support the exﬁanding

‘{ﬁ. taconite industry." (MP&L and UPA, Application for Certif-

Y

icate of Need for a Large Flectric Generating Facility,

MEA built an electric energy consumption model for this sector by relating
consumptiod to employment in selected industries in the area and the ratio of

real labofrwages to marginal price of electricity:

/Wage\\

. % *% %% - %%k
c = 21.831 + 0.568 In Constt + 0.254 1n Foodt + 0.277 1In Lum.bt + 0.491 1n\P

(4.809) (.165) (.094) (0.332) . (0.200)

rRZ = 0.957 F = 40.053 D. W. = 3.096
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where E = Electric consumption by the industrial sector except

. It mining, year t

Constt = Employment in Construction, year t
Foodt = Employment in Tood processing, year t
Lum.bt = Employment in Lumber products, year t

It

Ratio of real labor wage to real marginal
price of electricity for the industrial
sector, year t

Vage
Price
t

Since consumption is determined by the mix of industries, this form provides a
method of linking differential industry growth to industrial consumption. Real
;ﬁiﬁﬁféinél pfice_i§~é;$§'pﬁgiﬁiéﬁéﬁrpo affect industrial demands by way of price— |

induced substitution beﬁwéen energy-using capital and labor. However, the

Durbin Watson statistic (D. W. = 3.09%) 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. Eence, the objective was limited to estimation

of the effects of changing labor/electric price ratios on industrial electric

consumption: | _
*% &% wage
In E = 0.852 + 0.383 in -
nt price |
(1.416) (0.241)
R% = 0.872 F = 40.920 D. W. = 3.350

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,
- 4.29 -
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Iron Migingﬁ
"In 1975, MP&L provided electric service to four taconite
facilities with a total taconite pellet production of 19
million tons (47% of total). By 1985, MP&L is projecting
sale of eleqtricity 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 Need for a Large Elecfric\Generating

Facility, October 1976).

In 1976, MP&L supplied 2.5 billion kwhrs or 55% of total electric emergy
sales. It is expected that mining companies will purchase all additional
electric power required in new taconite processing plants for the.follOWing
reésons: '

"because fuel would be more expensive than that obtained

in larger quantities by MP&L; because all of their equip-
ment woﬁld be newer ané therefore more expensive than MPS&L
capacity, part of which is older; because generafing units
owned by taconite companies would be of small, unecénomical
size; and because they would necessarily be forced to supply
their own backup, or contract'with MP&L for backup, sin?e
they couldn't éfford to létitheir taconite plants stand idle.
Also, ghe cost of pollution control equipment on small units
is higher. (Director% decision in the matter of the applica-
tion of MP&L and UPA for Certification of Need for an 800 MW

electric generating facility, p. 13, April 5, 1977).
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Reserve Mining Company and Erie Mining Compaﬁy generate some 1243
million‘kwbrs for their use, but ﬁ
"Reserve has gained approval éo dispose of its tailings
at an acceptable on~land site, Mile Post 7. Previous
testimony from Mr. Sandbulte indicated that if approval
were to occur, MP&L-expected to contract with Reserve
for about 35 megawatts'. (Direct testimony of David G.

Gartzke, p.6.).

and
"Mr. Evanson, witness for Reserve Mining Company,
testified that because of the age 6f their two gener-
ating units (50 and 80 megawatt units), Reserve plans
ﬁpon 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
"... generates its own power at T;conite Harbor. How-
ever, like Reserve, their units are old and are required
to operate at a high capacity féctor due to the production

requirements." (Ibid. p. 7).

Replacements of self generated power were later excluded in the MP&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 fhe forecas;‘submitted in
the application. Therefore, the 18 mééawétts in 1985
and the 37 megawatts thereaftér have been removed from

il

the forecast" (Ibid. p. 7).

The application was rejected b& the Director of the Minnesota Energy Agency
on April 5, 1977, with noncommittal of mining companies as a pfimary reason:
"No witness froﬁ any mining companies aépeared at the
hearing to giQe testimony %it} regard to anticipated
s Ve plant expansions or new mining operations. These
witnesses would have been the most reliable sources of
information regarding the expansions. Their failure
to appear means that only heresay evidence is in the
record to support the projected taconite demand....."
//' (Directors Decision April 5, 1977 op cit).
fAdditional hearings were held where representat;ves of mining companies
prééented testimony on their expansion plans and future purchases of power

from MP&L. Based on these testimonies, MP&L revised its sales forecasts to

mining companies.

Copper Nickel development is expected to offset future reduction in
energy demand by the declining matural iron ore mining.

"Mr.M#léokm, Project Manager of the MIﬁNAMAX Project,
téstified that they were still in the evaluation phase,
and that the level of production would depend upon re-
sults of their studies: The power requirements, depend-
ing on the production sides as testiﬁiéd tg by Mr. Malcolm,
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 op cit, p. 8.).

In this study, MEA forecasts electric demand by iron mining companies

based on industry growth, improvements in energy use and retirements of company-

owned generators.

(1) Scenario 1 is a high growth condition where MP&L forecasts were
adopted for expanding iron mining companies. FErie 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 size plants 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 reduced electric consumption pér 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. Erile 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 1.67% per year after 1985. (Direct Testimony of Horace T. Resso, p. 5.).

(3) Scenmario 3 was derived from MP&L revised forecasts on coinci-

‘dént 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 will
be substantially larger than MP&L if Reserve and Erie decide to retire their
old generating plants (Scenario 1). Also, MP&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,

- Taconite Companies
Reserve-Silver Bay
- Reserve-Babbitt
Erie

Total

Copper Nickel

Taconite Companies
Reserve-~Silver Bay
Reserve-Babbitt
Zrie

Total

Copper Nickel

Taconite Companies
Reserve-Silver Bay
" Reserve-Babbitt
Erie

Total

Copper Nickel
Total

Copper Nickel Area (million kwhrs).

1976 1980 1985 1990 1995 2000
Scenario 1
5663.0 7077.0 7661.6 8294.4 8979.6
595.7 1228.1 1330.1 1440.0Q 1558.9
74.5 74.5 80.6 87.3 94.5
0 134.0 298.2 322.9 349.6
2500.8 6333.2 8513.6 9370.5 10144.6 10982.6
Scenario 2
4958.8 5737.5 6211.4 6724.5 7280.0
595.7 595.7 675.7 762.2 §55.9
74.5 74.5 80.6 87.3 94.5
0 0 0 0 0
2500.8 5629.0 6407.7 6967.7 7574.0 - 8230.4
Scenaric 3 (MP&L)
‘ % % *
1976 1980 1985 1986 1987
2500.8 5663.0 7077.0 8235.0 8235.0
595.7 . 595.7 595.7 595.7
74.5 74.5 74.5 74.5
0 0 0 0
2500.8 6333.2 7747.2 8905.2 8905.2
- 0 930.8 930.8 930.8
2500.8 6333.2 8678.0 9836.0 9836.0

* Converted to electric energy from MW winter demaﬁd(MP&L revised) using sales to
demand ratio in the MP&L and UPA Application for Certificate of Need for a

Large Electric Power Generating Facility, Oct. 1976.

=
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Forecasting Uses

Param~tars of electric energy demand equations in this section can be used
to relate future demands to persomal 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 sﬁows 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 tOIele&tric demands for non-space heating
anq;nog—dater heating uses. A residential fuel demand model discussed above
' prédi;£§ 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 additiomal energy require-—

7’
’

ments, dué_to industry growth, into industry demands for electric energy. Thus,

‘the forecasting procedure may apply electric energy intensities to forecast
industxy 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 in-
dustry.expansion plans and returns to scale relationships between production and
electric energy use. FElectric energy intensities corrected for scale economies -

may be applied to forecast mining out for SIMLAB.
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4.4

Gasoline Demand Model

Demand for gasoline by private automobiles was modeled based on estimates
of necessary travel and recreation-related activities.. Buses, trucks and other
end-uses account 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 cohsumption and predictor variables. State con-
sumption dat; 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
dérive average automobile consumption between January and Mérch, when recreation—
type driving was assumed minimal. Divided by total number of cars; this estiméted
average consumption per car for non-recreational (vacatiom) type travel. This
ratio appeared stable, perhaps due to offsettihg effects of increasing numbers of
fuel efficient cars and higher average miles travelled.

N

\

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 activity,

The data generated was used to estimate for the region, consumption functioms
of the type:

Non-recreational gasoline consumption

~

~ * * *k
InC = -4.354 + 0.375 1n E + 0.850 in C
R Nt Rt

‘ RNt
(3.046) (0.259) (0.124)
rZ = 0.972 F=171.766 = D. W. = 2.553
where C = Estimated non-recreational travel divided by

R Ne region population, year t

E . .
R t = Employment in the region, year t
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Price of gasoline was dropped from the equation because of wrong sign
of the coefficient. This coefficient was not signifiténtly 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

~

In_ C. =-3.472"% + 0.743" 1 ¥
TR ve T Tt : , st
2
(0.426) (0.532) R = 0.946" F = 194.970 D. W. = 2.19
c | o
vhere R Vt = estimated consumption related to recreation activity
o in the area, divided by state population, year t
v
Y = per capita income in the state, year t

Price of gasoline and unemployment levels in the state were included ard then
dropped from the equation because of wrong sign and statistically insignificant

coefficients, respectively. Since state population was found strongly correlated

”
’

with personal income, consumption was converted to a (state) per capita basis.

Forecasting Uses

"Consumption for commuting, shopping and other non-recreation activity can be
related to eZonomic conditions in the region (Fig. 4.5).‘ Price elasticities
zpplied to this end-use will account for consumer responses to rising gasoline
prices. For vacation type activities, per capita persénal 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 gasoiine, energy use per dollar output can be adjusted for price effects and

. nultiplied by forecast gross output from SIMLAB.

An alternative approach that extends the econometric method by decomposing
further 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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Nickel study area, May 1978.

Gasoline Model

(1)

(2)

(3)

(4)

(5)

(6) -

(7)

(8)

(9

Te C. Austin and Ke He Héllman, "Passenger Car Fuel Economy - Trends
and Influencing Factors," Society of Automotive Engineers Report
No., 730790, 1973.

Bureau of Economic Anmalysis, Regional Economics Inﬁormation Systems,
“Personal Income by Major Sources" 1960 - 1970,

Minnesota Enmergy Agency, '"Simulation gf Gasoline Consumption in
Minnesota (Draft);" St. Paul, Minnesota, May 1976.

M;pnesota Department of Public Safety, Division of Motor Vehicles,
"Annual Motor Vehicle Registration Summary (1959 - 1977)," St. Paul,
Minneiota. |

Minnesota Department of Revenue, Petroleum Division, "Annual Summary of
Tax Tables (1972 - 1977)," St. Paul, Minnesota.

Minnesota Department of Revenue, Petroleum Division, UAnnual Report
(1976)," St. Paul, Minnesota.

Northwest Petroleum Association, "Annuai YearBook (1959 = 197=),'
Minneapolis, Minnesotas.

R. L. Polk and Co., Motor Statistical Division, "Polk National New
Vehicle Registration Service = Passenger Cars Service "A' Report
(1960, 1965, 1970, 1976)," Detroit, Michigan.

R. L. Péik and Co., Motor Statistical Division,‘”Polk National New

Vehicle Registration Service = Passenger Cars Services "'D'" Report (1960

- 1974),"



Detroit, Michigan.

(10) State Planning Agency, Office of the State Demographer, "Minnesota

Population Projections 1970 = 2000," St. Paul, Minnesota,

November 1975.

(11) u. s. Department of Commerce, Bureau of Census, County Business Patterns,

U. S. Govermment Printing Office, Washington, DeCe 1960 = 1975.

(12) E. Wong, E. C. Venegas, and D. B. Antiparta, "Simulating the Consumption

of Gasoline," Minnesota Energy Agency, St. Paul, Minnesota, 1977.

'

/ 2
7

Residential Model

1)

2)

(3

(4)

(5)

(6)

(7)

¢ :
e - > - 3 -
Bureau of Economic Analysis, Regional Exonomics Information System,'

Personal Income by Major Sources (1960 = 1970)."

Minnesota Analysis and Planning System, Minnesota Housing Characteristics

from the 4th Count Summary Tape of the 1970 Census.

Minnesota Department of Revenue, '""Property Taxes Levied in Minnesota 1975,
R4

Assessments taxes payable 1976," Property tax Bulletin No. 5, St. Paul,

hMinnesota, 1976.

J. Peterson, "Residential Energy Price in Minnesota (Draft),'" Minnesota
Energy Agency, St. Paul, Minnesota, September 1977.

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

State Planning Agency, Office of the St;te Demographer, '"Minnesota
Population Projections 1970 - 2000," St. Paul, Minnesota, November 1975.

Ue. S. Department of Commerce, Bureau of Census, 1960 Census of Housing,

Detailed Housing Characterization, Minnesota, U. S. Govermment Printing

Office, 1962.



v
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(8) U. S. Department of Gommerce, Bureau of Censug, 1970 Census of Housing,

Detailed Housing Characteristics, Minnesota, U. S. Govermment Printing

)

Office, 1972.

(9) U. S. Department of Commerce, Bureau of Census, C~40 Construction Reports,

U. S« Govermment Printing Office, Washington, D. C.,, 1970 = 1975,

(10) U. S. Department of Commerce, Bureau of Census, County Business Patterns,

U. S. Govermment Printing Office, Washington, D. C., 1960 = 1975.

BT }’,‘
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An Agreement between the Minnesota State Planning Agency
(SPA) and the Minnesota Energy Agency (MEA).

Office Memorandum to Roy Tull and Don Newell from

Ernie Venegas and Edwin Wong.

Minutes of the Meeting of August 29, 1977.

_ Letter to Ernie Venegas from Mark Donaldson.

Region III Samples by Sectors.
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L ‘ ATTACHMENT 1 .
» . . R . 'r
"\"(’“t _)0
570 pJgﬁwm;;;_~__~
L Lamn s MDD
An Agreement o BN RS
Between { gf\fiﬂm~&i?égzr -

The Minnesota State Planning Agency (SPA)
and the
Minnesota Energy Agency (MEA)

~

Relative to the Pegional Copper-Nickel
Environmental Impact Study

For the Purpose of Developing Energy
Coefficients and Examining Fuel Substitution
. Possibilities for the Copper-Nickel Region

“
N i

A. Energy Studies (per attached MEQ Project worksheet)

1. The MEA will 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. The MEA will develop a fuel substitution model for Iarge indus-
trﬁa] users in the region.

3. The MEA will cooperate with the Regional Copper-Nickel Staff
: in providing or collecting additional information, data or
technical personnel, upon request of MSPA.

B. Transfer of lMonies

1. The MSPA agrees to transfer to MEA the sum of four thousand
sixty-two dollars ($4052) 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 Tisted under paragraph A of this agreement,

MEA 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 Execut1ve Director of the Regional Copper-Nickel Study,
Robert Poppe, is the contract agent for SPA under this agreement.
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@fy . In witness thereof, the SPA and MEA have Eaused this'agreement,fo be
; (“( duly executed in their behalf this day of July, 1977.
APPROVED:

(@25 [L}W B 7-24-17

Peter Vanderpoel Date
Director, SPA

| s S
Q@Zﬂj o 7 78 77
Jlo Millhone Date
Director, MEA '
- : .
iit K4 f - )
By WNA eina 7-23-77
47?3Richard C. Brubacher Date
-§. Commissioner of Administration B .

Approved as to Form and Execution:

William E. Dorigan
Spec! Assistzmt Attorney Ganeral
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, ZMERGY AGENCY ' : : DATE PREPARED _Juna 14, 1977
:;‘f’",OHKSHEET
STITLE:
‘ Energy Coefficients and Fuel Substitutlon Possibilities Copoer Nickel Area
":ABSTHACT
In order to project fuel demands in the copper nickel region, a baseline enere-
ate fuel COHSmetion control totals specific by major consumers and industry will be requir 22
In adcition, natior . policies affecting fuel prices and end uses will induce fuel shifts
among large users. Hence, it will be necessary to estimate fuel shift capabidlities and
Intentions of different industries in the area.
"ROJECT GOAL STATEMEN
' To davelop a set of energy and fuel use coefficients for major users and
industries in the copper nickel area for 2 1974 base year.
To develop a fuel substitution model for large industrizl users in the area.
To cooperate with M£QC in providing or collecting cddltional information,
data or technical personnel, upon request of MEQC.
SROJECT MANAGER EXPECTED COMPLETION DATE FUNDING SOURCE
E._C, Veneoas MEQC-Canper Xickel Project
SEPORTS TO BS PRODUCED
PERSONNEL REQ. - S
TASK : TASK ‘ OTHER IMPORTANT
NO. . DESCRIPTION : ' ' PERSON paYys| cosTs ““;iiigﬁg
ECV
1.0 IDevelop energy and fuel coefficients for major RA IT |18% |(time) 3| Typist 1
v industries
;g_ Access REIS data for supplier information
1.31 [Natural gas consumption data from gas curtailment, el
by firm .
1.12™Waterzsl gas data from Census, FEA, other sources bz, ‘ 2
industry . . ’
1.2 {Fuel odil consumption data from Census, FEA, other 2
sources, by industry -
1.3 [Coz1 consumption data from BOM, Census, FEA. other . 2
sources
1.4 {Electric energy consumption data from utilities 3
1.5 |Tabulate, cross check and verify fuel consumption. _ 5 1
data froo all sources
1.6 IDerive energy and fuel coefficlents, cross check with 4 2 1
national and other studies
2.0 Ipevelan fuel substitution rodel for_n_j_;__ndustrie= 315 15% 6
_Ll_mAL.uam.zd_ggs.Qurtailment 1ist, FFA-EPCA , 3
industry studies on fuel substitution pOSSibilltléS
and canservation
2.11!Develop first stage fuel substitution model frem 5 2
—— secondary saurces, state raodel, ete., yieldipg ‘
industry capabilities zt national level
Suruey large industrial custocers on gas and oil
tcquire list of large industrial firms from U.N.,
——PFA el _ 1
2.22|Check with MEQC on 1list of firms to be surveyed. t ' 1
T - ! -
l i




f‘"‘?%{ LY AGENCY B o '
- ‘"‘,HEET
= 2 p . PERSONNEL REQ. MPORT ANT
TASK . OTHER MLESTOME
i DESCRIPTION PERSON DAYS| co3Ts M'g;;g;‘&
S
9%%‘ 'sign questionaire on poqt 1973 fuel consumptlon, 1k X
... .el shift intentions, fuel prices "
24 |Survey large lndUbLLial users Unlverdity of Minnesala (Dr. Mal
25 |Assemble collected information, cross check and 7 1 )
verify, ‘
26 |Pun statistical packages to estimate fuel sub- 2
stitution parameters ’
27 |Test model in comparilson with first stage rodel 5 1
30 [Write report ‘ ' 3
51 |First draft report, fuel consumption and fuel sub- 5 5
stitution possibilities
32 |Secere MEQC comments, revise report and model : 1 V 2 9
13 |Submit final draft report 1 3 1
Sumrary Man Days Rate Cost
A RA II 50 ) 8.09/hour] . 53236.00
— Typist 7 , 5.81/hour 325.36
’ ECV 18% 13.23/hour +] 500.00 {(Rog=: H.)
54061..36 .
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AD;AIN 1000 (REV, 4/77)
. ’ N

T ATTACIMENT 2 STATE OF MINNESOTA C;/:’?' .
DEPARTMENT__“0C78Y . Of f ice Memorandum
TO ~ _:: Roy Tull, Don Newell o e DATE:

2

_Ernie Venegas, Edwin Wong g PHONE: -

FROM T /%MC &(‘.’ __(Jl_)l;l/"(/—

. SUBJECT: . Data file from fuel survey of industrial-commercial firms inm
s : © +* N E Minnesota. ’ h o E

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 Edwin when 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.

4
‘/

cc: Mark Polich
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- ~ ATTACHMENT 3.1

Meeting of August 29, 1977

Participants: Roy Tull, Don Newell, Mark Donaldson, Ernie Venegas,
Edwin Wong, Wilbur Mak1 '

‘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, the.Region III survey will be
essentially the same as the East Range survey.

" .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
original sample does not meet these requirements, they will identify
the deficient sectors and additional firms (if available) will be
selected.

Ry

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 guestionnaire, and those who will receive
the 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:

ATTACHMENT 3.2

STATE OF MINNESOTA

ENVIRONMENTAL QUALITY COUNCIL
Copper-Nickel Project
138 Hennepin Square Building
2021 East Hennepin Avenue
612-378-7770 Minneapolis, Minn. 55413

October 4, 1977

Dr. Ernesto Venegas
Minnesota 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 (ZAPS) 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 which 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 two weeks so it is necessary to get your response
quite quickly. We plan to mail a letter notifying the firms of the survey
about one Wweek 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.

Sincerely,

Mok

Mark Donaldson
Economic Planner

cc:  Roy Tull

" MD/JJ

Enclosure

AN EQUAL OPPQRTUNITY EMPLOYER"'
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SECTOR
1. Tizber Production
2. Timber Operations
3. Sawaills
. A1l other Agricultural,
Forestry and Fishery
Products and Services
5. Iron and Ferro Allo Ores
. Other Nonferrous Metal
Mining
8. All other Mining and
Quarrying
9. Construction
10. TFood and Kindred Products
11. Other Luzbher aad Turniture
12, Paper and Allied Products
13. Printing, Publishing, and
Allied Incdustries
14. Chemical and Allied
Procducts
15. Petroleum Refining and
Related Industries
16. &tona, Clay, Class, and
Covrete 2oolucts
19, ©itier Triocavy Metcal
Tadustries
23, Fabricated Metal Products
24, ~chisery, Except Elect-
rical
25. Electrical and Electronic
Hachinery
26. All other znufacturing
27, Reilroad Trensportation
28. 1Motor Freight Transport-
ation and Warchousing
29. Other Te. - ::nrtation
.CcLﬁrJiadthnL
31, Blactcie Dtilinies
32. Tns Urilities

ATTACHMENT 3.3

REGION III SAMPLE

NUMBER OF EMPLOYEES NUMBER OF FIRMS
IN SAMPLE IN SAMPLE
23 4
202 46
174 ‘ 20
151 ' | 33
1400 E ' 1
19 | z .
83 : : 12
502 . 56
428 | , 12
204 , | 12
862 - " L 2
305 V .9
130 ' 10
165 : 3
182 ' 20
365 ' 2
757 ' 19
359 9
172
431
248
261 43
217 ' - 15
269 o 26
215 o 11
31 » 3



SECTOR

33. Other Utilities

34. VWholesale Trade, Durable
Goods

35. Wholesale Trade, Non-
durable Goods

36. Building Materials and
Hardware

37. General Merchandise Stores

38. Food Stores

39. Automotive Dealers

40. Gasoline Service Stations

41, Apparel andﬁAccegsory Stores

42, TFurniture and Home Furnish- -
ings Stores

43. FEating and Drinking Places

44, Miscellanecus Retail

45. Finauce, Insurance, and
Real Estate

46. Eotels, otels and Tourist
Courts, Rouning and Boarding

_Houses

47. Qampé and Trailering Parks

48. DPersonal Services

49.  Business Serviges

50. Autormotive Repair, Services,
znd Garcoges ‘

51. Miscellaneous Repair Services

52. Yotion Picutres

53. Other Amusenment and Recreat—
ion Services

54. Outfitters

55. Health Scrviccs

56. Hospitals

57. Education Services

. Miscellancous Scrvices

59, Mo hoeeship Orgaaizations
A - - - -~

60. AL O S

NUMBER OF EXPLOYEES
IN SAMPLE

b4
340
313

285
346
323
314
265
287

320

53
260
248

ro
Joet
w

N
=
o~

226
30
366
435

2000
275
375

333

NUMBER OF FIRMS
IN SAMPLE

45
b4

48
25
38
41
54
40

30
32
69

67

54
- 18
36
52

47
61

32
12
23

37
25

10
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APPENDICES

1A Fuel Use Survey Questionnaire for the Commercial Sector.

1B

Fuel Use Survey Questionnaire for the Industrial Sector.

Regression Estimates of the Fuel Substitution Model for

53 Sectors.

Industrial Furnace Efficiency.

Fuel Substitution Computer Subroutine Attached ﬁo SIMLAB.
Data Requirements of the Residential Model.

Residential Fuel Demand Model for Region III and Douglas

County, Wisconsin.

Fuel Price Projections and Elasticities,

.An Alternative Approach to Gasoline Forecasting.
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APPENDIX 1A

. : ENERGY QUESTIONNAIRE I (C

1. How much energy did you use

in 19767 - Please report, by energy
type, the total dollars you spent
and the total emergy used in 1976.

2. Please indicate your best estimate
of the percentage of energy require-
ments, by year, supplied by each
indicated energy type. TFor example,
if in 1976 and 1977 you expect 337

cf your total indicated fuel use to
be supplied by natural gas, 33% by
coal, and 347 by fuel o0il, 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.

1977 33 | 33 34 0 100.

3. Please indicate your planned con-
sumption of electricity based on 1976
levels (1976=100). TFor example, if

you foresee a 107 increase in electricity

4

OMMERCIAL SECTORS)

purchased in 1977 over 1976 the first two . . 1977

lines should look like the following
sample:

ELECTRICITY
o PURCHASED
1976 ’
‘ . 100.
1977 110.

TOTAL TOTAL
DOLLARS UNMITS
ENERGY TYPE SPENT USED
Electricity
Purchased kwh
Natural
Gas MCF
Fuel 0il Gal
LPG ibs
Coal Tons
Wood i Cords
NATURAL FUEL
YEAR GAS COAL, OIL LPG TOTAL
1977
1978
1979
1980
ELECTRICITY

YEAR PURCHASED

1976 100,

1978

1979 =

1980




APTIRIDIN 1B

ENERGY QUESTIONNAIRE IX (INDUSTRIAL SECTORS)

) TOTAL TOTAL
DOLLARS UNITS
1. How much energy did you use ENERGY TYPE SPENT USED
in 19767 Please report, by energy o
type, thz total dollars you spent Electricity
and the total energy used in 1976. Purchased kuh
‘ Natural
Gas MCF
Yuel 0il Gal
LPG Lbs
Coal Tons
Wood Cords
NATURAL FUEL .
e s . YEAR | GAS COAL | OIL LPG | TOTAL
2. Please indicate your best esti-
mata of the percentage of tetal energy o
. - 1977 100.
requirements, by year, supplied by each
indicated energy type. For example, n
if in 1976 and 1977 you expect 33% 1978 100.
of your total fuel use to be supplied “ .
by mnatural gas, 337 by coal, and 34% 1979 z 100.
& . £ 3 o .
b? ;ue} oil, the 51rst'two 11n%s in 1980 100.
the table would look like the follow-
ing example: 1981 100.
. EXAMPLE
WAT. FUEL 1982 100.
GAS COAL OIL LPG TOTAL
1883 100.
1976 33 33 34 0 100.
1984 100.
1977 33 33 34 0 100.
1985 100.
3. Please indicate your planned con-— ELECTRICITY
sumption of electricity based on 1976 YEAR PURCHASED




APPENDIX 2

REGRESSION ESTIMATES OF THE FUEL SUBSTITUTION MODEL FOR 53 SECTORS

e
b

) B 2
SECTORS 1 2 .3 4 R
5 : .83 .01 .83 .88
(.10) (.3) (.2)
10 .43 .003 .24 .24 .98
(.07) (.06) (.04) (.006)
i .200 .98
“ (.006)
15 .76 0 ‘ T 60 .76
. . (.06) (0) (.47)
16,17,18 .02 .756 | .13 .93
4 (.005) (.06) (.09)
21 .54 .22 ‘ .43 .81
: (.07) (.06) o (.07)
23 p .97 ~.4 | .72 .99
’ (.02) (.05) (.02)
38 1 0 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)
(.002) (.003) | . (.06)
49 ' .98 -.03 , .198 .99
(.01) (.03) 4 (.73)

Standard errors in parenthesis
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" A second regression equation is needed in order to estimate d, vhen coal (indexed 3)
is actually used as an alternate fuel. Vhen there ars 3 compéting fuels:

d;=1-4d; -d

1 2° A | - . ‘
vhen there are only two fuels, (natural gas and fuel oil, indexed 1 and 2 respect- f
ively) only 1 equation is needed: ,

. p . . L o

d2=1°‘d1

. it N . o ) N . ,
PRT———— A TR e 7



APPENDIX 3

INDUSTRIAL FURNACE EFFICIENCY

Natural Gas - ' 74-78%
Light 0il (1 & 2) - 77-81%
Heavy 0il (4, 5, 6) - ’ | 78-82%
Coal - . 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 SUBSTITUTION COMPUTER SUBROUTINE ATTACHED TO SIMLAB .

SLMH. F=ETMOD
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APPENDIX 5

. DATA REQUIREMENTS FOR THE RESIDENTIAIL MODEL
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.
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APPENDIX 6

. ' RESIDENTIAL FUEL DEMAND MODEL FOR

REGION III AND DOUGLAS COUNTY, WISCONSIN
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. ~ APPENDTX 7
¥uel Price Projections and Elagticities
T TABLE 64

REAL GROWTH RATES
{Do Not Include Inflation)
- Natural Gas Fuel Oil LPG A Electricig__‘l_ Coal Gasoline?
Residantial 5.1% 1.6% 2.4% . 2.5% - -
Commercial 5.6% 1.7% 2.5% 2.5% - -
Industrial 6.3% 1.7% 2.5% 2.5% 2.5% -
Transportation - - - - - 2.5%
Source: Fedszral Register, Vol. 42, No. 125, June 29,> 1977, p. 33171, {For FEA Region V)
1Based on coal growth rates in above source, -
2 sinnesota Energy Agancy. '
TABLE 65
SHORT-RUN PRICE ELASTICITIES FOR REGION 5, FEDERAL ENERGY ADMINISTRATION
. 1976
'f':,,.
1
Residenti_al_ . Commercial Industrial ‘ Transportation
Electricity o " —0125 —0.247 -0.106 -
Natural Gas : T -—0.18Q -0.282 -0.166 T
Distillatz Fue! Oil - —0.165 —-0.339 -0.209 —0.372
Residual Fuel Oil - . -0.216 -0.130 .—0.114
l.iquefied Petroleum Gas —.442 - -0.162 -
Gasoline - - - —-0.223
Jet Fuel - - - - —0.148
Source:i Computer Qutput of FEA Regional Demand Interface Modzl, January 6, 1877.
) ce ' TABLE ‘665
DEMAND CROSS PRICE ELASTICITIES FOR SPECIFIC FUELS, COMMERCIAL AND
INDUSTRIAL SECTOR, REGION 5
FEDERAL ENERGY ADMINISTRATION, 1976
FUEL DEMAND
. Natural Distillate . Residual
. Prices Electric Gas . Fuel Oil Fusl Oil LPG Coal
Commercial Sector
Elzciric ~0247 . 0.092 0.118 0.035 - 0.0 -
Nature! Gas 0.047 —0.282 0.044 0.013 0.0 -
Distillata Fuel Ojl ) 0.023 0.017 --0.339 0.006 0.0 - -
Residual Fuel Oil 0.015 0.011 0.014 -0.216 0.0 S -
Industrial Szctor
Elzciric , -0.108 , 0.086 0.088 0.044 0.062 0.123
Natural Gas : 0.034 -0.166 0.046 0.023 0.032 0.064
Distiitate Fuel Oil .0.005 0.006 —0.209 0.003 0.004 0.009
Reasidual Fuel Oil - 0.004 0.006 0.006 —-0.130. . 0.004 0.008
Liguified Petroleum - - B . } :
Gas (LPG) 0.003 0.004 0.005 0.002 - —0.162 0.005
Coal 0.011 0.014 0.015 0.007 0.010 -0.261

Sourca:  Computer Qutput of FEA Regional Damand Interface Mod=l, Jan. 6, 1977,



APPENDIX 8
An Alternative Approach to Gasoline Forecasting
An altermative forecasting approach that extends the econometric method by
decomposing further the structure of the model can be tested with more data at the
state and regional level. Gasoline consumption is the product of average vehicle
fuel economy (MPGt) :
C. = V. R/ MPG,

/

Since fuel economies (and vehicle miles tfaveiléd) differ substantially between

: small‘aﬁd large cars:

t L
c, = Vo | oo o+ _F
MPGE‘:t M'PGLt
where Vt = miles travelled per car
,' RgpsRpy = total number of smzll and large cars,respectively
MPG,, ,MPGy = average miles per gallon of small and large cars,
respectively ‘

" and Vt can be differentiated into recreation related and non-recreation related

activities: N

R
.t
Cve = e o+
. MPGst MPGLE
: £ R,
MPGst M?GLCJ ‘
where CNt = Estimated consumption for non-recreational
activities
’ CVt = FEstimated consumption for recreational related

activities.



Estimates of er’ and VVt are obtained for the state by deriving the
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 MPG data for

these two car types are adapted. Thus, a historical series can be constructed

> - A Rst: RLt ]
YNt CNt/ Lmst + T

t

for the state:

Average vehicle miles for non~recreational activity can be related to:

Ve ——;/E:mt, PG, , th_J

where EM?t

PG
t

I

employment

price of gasoline

Applying state estimates of V&t and split of car stocks between small and
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 estimates) and related to

state economic conditions:

A ) A

c =)( Y, UN , PG ; POP_- C
R vt St s,t S,t s>t R vt-1
A

In forecasting, V

Ne can be forecast independently for the region or state

estimates;can be adapted. Adjustments should be made fof futuré changes in
regional employment and the price of gasoline.

Additiona} equations are needed to forecast the-degired stock of cars and the
sﬁlit of new cars into small (fuel efficient) cars andAiarge cars. The deéired

stock of cars:



Rt =J( Ryt RPc(t) » B RRt—;}

where RR = total number of cars in the region at time t
t
RYt = personal income in the region at ‘time t
PG = price of gasoline in the region at time t
t . '
U tb = unemployment rate in the Region at time t

and the choice of new car types:

it
Plus the constant:
dyp + d2t = 1.0

where di = new Ry
" new RT

d2 = new RL

new Rt

are used to derive desired total numbers of smwall cars and larze cars:

.2

R,, = (1-D; z et |
Rit A-DPIRs e 1F e j-1 DRy (e-1)4%(e)

]

subscript 1 = 1 or 2 to designate small or large cars, respectively

D; = proportion of Rip that is to be replaced at time t

d,
i

allocation constant of the total new cars for type i

Gt”=aesired growth of car stock

The net additions to stock (Gt) represents the difference between existing 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

growth in car numbers.



1

Forecasts of desired miles of travel for nen-recreational activities,

'

. j
split of total number of cars azcording to small car-large car categories and

fuel economy (MPG) targets of the automobile industry are combined to predict

gasoline consumption for non-recreational activities:

° . F o . ~ . e ]
c = V. R R - R
RNt RNt| p ot Rt Rst
A~ + |— ~
MPG MPG
s st s Lt
L — . -, _r;
wheﬁe(,/V = forecasted miles travelled for non-recreational activities
, A 4 R Nt per car in the region
" = forecasted total numberof cars in the region
. = forecasted total number of small cars in the region
St

~ . A

PGy MPGp

]

estimated fuel economy for small and large cars

X
¢
/
;

$

Added to forecasts of recreation type travel from the econometric model, total con—

sumpticn for the region can be projected.
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