Section 7

CONCLUSION

This exploratory study into the feasibility of integrating water resources con-

straints into energy models may be summarized as follows:

® In order to represent in a meaningful way the potential interac~
tions between the energy and water sectors of the U.S., it is
necessary to use a model aggregated at most to the regional level.
For this reason, the BNL model, RESOM, was selected and was modi-
fied to yield the WATER-RESOM variant. Similarly, the EPM model
of LLL was adjusted so as to beocme WATER-EPM.

® Integration of water constraints into regionalized energy—economy
models is both relevant and feasible. Models including representa-
tions of water availability and coefficients of water uses may be
useful for studying potential interactions between the energy and
water sectors of the U.S., and for evaluating the effects of such
interactions on the rest of the economy.

® It appears that future studies of the water-energy interface in
the U.S. should focus on more accurate regionalized models, so as
to estimate the time when, under certain conditions water—energy
issues may become acute in a given region, and to rank the regions
in this fashion. Following this ranking process, the effort could be
concentrated in the regions where these problems will arise sooner,
so as to quantify the issues involved in the energy-nonenergy con-
flicting requirements for a finite amount of water, and to derive
alternative policies for the management and use of these important
resources.

e Future studies of water~energy interactions should include analyses
and evaluations of policy alternatives available in the various
regions regarding the development, allocation, and use of water
resources. One such study could focus for example, on water trans-
fers from current users in the nonenergy sector to potential users
in the energy sector, and the economic, political, and social im-
plications of such transfers.

® The current study related only to water quantity. Water quality
management may become, in specific areas, a major issue since it
could be affected considerably by energy-related activities.

® A strictly deterministic point of view was adopted in this study.
The stochastic aspects of streamflow and water availability need
to be included in the analyses of policy options regarding the
development, allocation, and use of water within water-enexrgy-
economy modeling efforts.
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The effect of technolgy improvements, in water production (e.g.,
saline water desalination), in nonenergy water use (e.g., more
efficient irrigation), and in energy-related activities (e.g.,
water-saving cooling techniques), need to be considered when look-
ing at water constrained futures.

This exploratory study restricted itself to deterministic represen-
tations of water resources. A more realistic approach is to con-
sider the stochastic aspects of water availability and to include
them in analyses of policy options.

Water quantity alone was considered in this study. However, water

quality may become a central issue in specific areas, as a con-
sequence of energy-related activities.

92



Section 8

BIBLIOGRAPHY

Brill, E.D., Jr., S$.G. Velioglu, and R.W. Fuessle, 1976, "Mathematical Models for
Use in Planning Regional Water Resources and Energy Systems,' Water Resources
Center Research Report No. 116, University of Illinois, Urbana, IlIl.

Buras, N., 1977a, "Water for Energy in the Upper Colorado River Basin," Energy
Memorandum 77-4, Systems Optimization Laboratory, Department of Operations Research,
Stanford University, Stanford, Calif.

Buras, N., 1977b, "Water for Energy in the Upper Missouri River Basin," Energy
Memorandum 77-6, Systems Optimization Laboratory, Department of Operations Research,
Stanford University, Stanford, Calif.

Buras, N., and G.B. Dantzig, 1978, "Analysis Over Longer Planning Horizon," Stanford
PILOT Energy/Economic Model, Appendix H, EPRI Report EA-626, Vol. 2, Electric Power
Research Institute, Palo Alto, Calif.

Bureau of Reclamation, 1975, ""Critical Water Problems Facing the Eleven Western
States,'" Westwide Study Report, U.S. Department of the Interior, Denver, Colo.

Bullock-Webster, M., 1974, "Considerations in the Development of a Regional Energy
Policy for the Rocky Mountain States,' discussion draft, Graduate School of
Business, Stanford University, Stanford, Calif.

Carasso, M., J.M. Gallagher, K.J. Sharma, J.R. Gayle, and R. Barany, 1975, "The
Energy Supply Planning Model," Vols. I and II, Bechtel Corporation, San Francisco,
Calif.

Cazalet, E., 1976, "A Western Regional Energy Development Study: Economics," and
""SRI Energy Data Base,"” SRI Project 4000, Vols. I and II, Stanford Research
Institute, Menlo Park, Calif.

Chandra, K., B. McElmurry, E.W. Neben, and G.E. Pack, 1978, "Economic Studies of
Coal Gasification Combined Cycle Systems for Electric Power Generation,' EPRI
Report AF-642, Project 239, Electric Power Research Institute, Palo Alto, Calif.

Charnes, A., and W.W. Cooper, 1977, "Goal Programming and Multiple Objective
Optimizations," European Journal of Operations Research, 1:39-54.

Cohen, A.S., and K.W. Costello, 1975, "Regional Energy Modeling: An Evaluation of
Alternative Approaches," Argonne National Laboratories Report ANL/AA-1, Argonne,
I11.

93



Committee on Water Resourceg Planning, 1976, ''Forecasts and the Role of Alternative
Futures,' Journal of the Water Resources Planning and Management Division, Proceed-
ings of ASCE, 102, (WR2): 365-383.

Dantzig, G.B., 1974, "On the Reduction of an Integrated Energy and Interindustry
Model to a Smaller Linear Program,” Technical Report SOL 74-20, Systems Optimization
Laboratory, Department of Operations Research, Stanford University, Stanford, Calif.

Dantzig, G.B., T.J. Connolly, and S.C. Parikh, 1978, Stanford PILOT Energy/Economic
Model, EPRI Report EA-626, Vols. 1 and 2, Electric Power Research Institute, Palo
Alto, Calif.

Davenport, F., 1978, Water Resources Council, Washington, D.C., personal communica-
tion.

Davis, G.H., and L.A. Wood, 1974, "Water Demands for Expanding Energy Development,"
U.S. Geological Survey Circular 703, Reston, Va.

Dickinson, E.M., R.V. Steele, E.E. Hughes, B.L. Walton, R.A. Zink, P.D. Miller,

J.W. Ryan, P.B. Simmon, B. Holt, R.K. White, E.C. Harvey, R. Cooper, D.F. Phillips,
and W.C. Stoneman, 1976, "Synthetic Liquid Fuels Development: Assessment of Critical
Factors,” Vol. II, Energy Research and Development Administration, Report No.

ERDA 76-129/2, Washington, D.C.

Edwards, M.D., 1977, "The National Water Data Exchange (NAWDEX)," U.S. Geological
Survey Open File Report 77-~259, Reston, Va.

Edwards, M.D., 1978, '"Directory of Local Assistance Centers of the National Water
Data Exchange (NAWDEX)," U.S. Geological Survey Open File Report 78-162, Reston,
Va.

Erlenkotter, D., and C.R. Scherer, 1977, "An Economic Analysis of Optimal Investment
Scheduling for Salinity Control in the Colorado River," Final Report, Office of
Water Research and Technology Project No. B~170-CAL, Graduate School of Management,
University of California, Los Angeles, Calif.

Fluor, Utah, Inc., 1975, "Economic Systems Analysis of Coal Preconversion Tech~-
nology," Vols. I~VI, Interim Report to ERDA, Contract No. E(49-18)~1520, San Mateo,
Calif.

Gardner, B.D., K.S. Lyon, and R.0. Tew, 1976, "The Effects on Agriculture in Utah
of Water Transfers to 0il Shale Development,' Report No. PRJAE-021-1, Utah Water
Research Laboratory, Utah State University, Logan, Utah.

Gertsch, W.D., J. Sathaye, R. Ritschard, and S. Parker, 1977, "Water Requirements
for Future Energy Development in the West: State Perspectives,” Los Alamos Scien-
tific Laboratory of the University of California, Informal Report No. LA-6688-MS,
Los Alamos, N. Mex.

Gibbs, P.A., 1976, "Availability of Water for Coal Conversion,'" Journal of Water
Resources Planning and Management Division, Proceedings of ASCE, 102 (WR2): 219-225.

Glasson, J., 1974, An Introduction to Regional Planning, Hutchison Educational,
London.

94



Goettle, R.J., IV, E.A. Cherniavsky and R.G. Tessmer, Jr., 1977, "An Integrated
Multi-Regional Energy and Interindustry Model of the United States," Brookhaven
National Laboratory, Report No. BNL22728, Upton, N.Y.

Gold, H., D.J. Goldstein, R.F. Probstein, J.S. Shen, and D. Yung, 1977, "Water
Requirements for Steam-Electric Power Generation and Synthetic Fuel Plants in the
Western United States,'" EPA Report No. 600/7-77-037, U.S. Environmental Protectiom
Agency, Washington, D.C.

Green, J.W., and M.D. Skold, 1976, "The ERS Energy Project-Interregional Competition
Model,'" paper prepared for the Economic Studies Committee, Pacific Northwest River
Basins Commission, Portland, Oreg.

Haimes, Y.Y., 1977, Hierarchical Analyses of Water Resources Systems, McGraw-Hill,
New York, N.Y.

Haimes, Y.Y., W.A., Hall, and H.T. Freedman, 1975, Multiobjective Optimization in
Water Resources Systems, Elsevier, New York, N.Y.

Hansen, D.C., 1976, 'Water Availability for Energy —- Upper Colorado River Basins,"
Journal of Water Resources Planning and Management Division, Proceedings of ASCE,
102 (WR2): 341-348.

Harte, J., and M. El-Gasseir, 1978, "Energy and Water," Science, 199: 623-634.

Hirsch, R.M., J.C. James, II, and J.E. Schefter, 1977, "Residuals Management,"
Proceedings of Svmposium on River Quality Assessment, AWRA Annual Meeting, Tucson,
Ariz,

Hoffman, K.C., 1973, "A Unified Framework for Energy System Planning," summary of
Ph.D. dissertation, Polytechnic Institute of Brookhaven, New York, N.Y.

ICF, Inc., 1976, "The National Coal Model: Description and Documentation,’ FEA
Contract No. C0O-05-50198-00, ICF, Inc., Washington, D.C.

ICF, Inc., 1977, Coal and Electric Utilities Model Documentatiom, 2nd ed.,
Washington, D.C.

ICF, Inc., 1978, "The Demand for Western Coal and the Sensitivity of this Demand
to Key Uncertainties,’ draft report, Washington, D.C.

James, I.C., II, and T.D. Steele, 1977, "Application of Residuals Management for
Assessing the Impacts of Alternative Coal-Development Plans on Regional Water
Resources," Third International Symposium in Hydrology, Colorado State University,
Fort Collins, Colo.

Kauffman, K.0., 1978, Bureau of Reclamation, Denver, Colo., personal communication.
Kimmel, S., E.W. Neben, and G.E. Pack, 1976, "Economics of Current and Advanced
Casification Processes for Fuel Gas Production,” EPRI Report AF-244, Project 239,

Electric Power Research Institute, Palo Alto, Calif.

Manne, A.S., 1977, "ETA-MACRO: A Model of Enmergy-Economy Interactions,' EPRI
Report EA-592, Project 1014, Electric Power Research Institute, Palo Alto, Calif.

95



McElmurry, B., 1977, "Comparative Evaluation of SNG Production, Gasification-Combined
Cycle Power Generation and Coal Fired Power Plant with Stack Gas Scrubbers,” Research
Project 239-4, Phase V, Task 6, Electric Power Research Institute, Palo Alto, Calif.

McNamee, G.P., N.K, Patel, T.R. Roszkowski, and G.A. White, 1978, "Process Engineer-
ing Fvaluations of Alternative Coal Liquefaction Concepts,"” EPRI Report AF-741,
Vol. 1, Project 411~1, Electric Power Research Institute, Palo Alto, Calif.

Morris, G.E., 1977, "An Optimization Model of Energy Related Economic Development in
the Upper Colorado River Basin Under Conditions of Water and Energy Resource
Scarcity,”" Ph.D. dissertation, Department of Economics, University of Colorado,
Boulder, Colo.

Morris, G.E., 1978, 'Water and Energy Development,' Chapter 7 in National Coal
Utilization Assessment, draft, pp. 112-141, Los Alamos Scientific Laboratory, Los
Alamos, N. Mex.

Nehring, R., B. Zycher, and J. Wharton, 1976, '"Coal Development and Government
Regulation in the Northern Great Plains,'" RAND Report R-1981-NSF/RC, Rand Corpora-
tion, Santa Monica, Calif.

Nunamaker, J.F., Jr., and D.E. Pingry, 1978, "Water Supply Data Base System,"
EPRI Report EA-790-SY, Electric Power Research Institute, Palo Alto, Calif.

Palmer, R.N., I.C. James, II, and R.M. Hirsch, 1977, "Comparative Assessment of Water
Use and Environmental Implications of Coal Slurry Pipelines," U.S. Geological Survey
Open File Report 77-698, Reston, Va.

Patmore, J.W., R.W.J. Lau, and K.M. Sidenblad, 1978, "Applicability of Brookhaven
National Laboratory's Energy Models to Electric Utility R&D Planning," EPRI
Report EA-807, Electric Power Research Institute, Palo Alto, Calif.

Probstein, R.F., and H. Gold, 1978, Water in Synthetic Fuel Production, The MIT
Press, Cambridge, Mass.

Reardon, W.A., 1975, "Regional Analysis of the U.S. Electric Power Industry,"
Battelle Pacific Northwest Laboratories, Reports No.: NBWL-B~415 V1, NBWL~B~415 V2,
Richland, Wash.

Rousseau, W.F., J.T. Rambo, R.N. Castleton, and S.S. Sussman, 1978, "Computer Code
Documentation for the Livermore Economic Modeling System,'" Lawrence Livermore
Laboratory Report No. UCRL-52519, Livermore, Calif.

Smith, J.W., 1978, Laramie Energy Research Center, Laramie, Wyo., private
communication.

Sussman, S5.5., 1978, private communication.

Sussman, S.S. and W.F. Rousseau, 1978a, "A New Language for Economic General
Equilibrium Models," Lawrence Livermore Laboratory Report No. UCRL-52507, Livermore,
Calif.

Sussman, S.S5., and W.F. Rousseau, 1978b, "A Demonstration of the Capabilities of
the Livermore Energy Policy Model,' Lawrence Livermore Laboratory Report No.
UCRL-52508, Livermore, Calif.



Tipton and Kalmbach, Inc., 1977, "Hydrology, Mine Dewatering and Water Use and
Augmentation,' report submitted to Occidental Oil Shale, Inc., Denver, Colo.

U.S. Environmental Protection Agency, 1977, "STORET User Handbook, Part OV Overview,"
Office of Water and Hazardous Materials, Washington, D.C,

U.S. Water Resources Council, 1977, "Nationwide Analysis," summary, preliminary
draft, Washington, D.C.

U.S. Water Resources Council, 1978a, "The Second National Water Assessment,'
summary report, draft, Washington, D.C.

U.S. Water Resources Council, 1978b, "The Nation's Water Resources, Volume A-3,"
preliminary draft, Washington, D.C.

Water for Energy Management Team, 1974, "Report on Water for Energy in the Upper
Colorado River Basin," U.S. Department of the Interior, Denver, Colo.

Water for Energy Management Team, 1975, '"Report on Water for Energy in the Northern
Great Plains Area with Emphasis on the Yellowstone River Basin,'" U.S. Department
of the Interior, Denver, Colo.

Weeks, J.B., G.H. Leavesley, F.A. Welder, and G.J. Saulnier, Jr., 1974, "Simulated
Effects of 0Oil-Shale Development on the Hydrology of Piceance Basin, Colorado, "
U.S. Geological Survey Professional Paper 908, Washington, D.C.

Wismer, D.A., ed., 1971, Optimization Methods for Large-Scale Systems, McGraw-Hill,
New York, N.Y.

Wollman, N., and G.W. Bonem, 1971, The Outlook for Water, The Johns Hopkins Press,
Baltimore, Md.

97






Appendix A

GLOSSARY

Aquifer. A geological formation bearing and conveying water. Water contained in
an aquifer is called groundwater. Groundwater saturates the pore space of the
aquifer. The upper boundary of the saturated zone of an aquifer is called water
table. Aquifers may be overlaid with impervious material (e.g., clay layers) and
the water contained in them connected with water bodies at higher elevations.
Under these conditions, the aquifer is confined and groundwater is under pressure.
The level to which groundwater would rise if the pressure were released defines

the piezometric surface. When the piezometric surface is higher than ground sur-

face, the aquifer is artesian.
Blowdown. River, lake, and groundwater contain dissolved salts. Use of these
waters in evaporative processes tends to increase salt concentration in the remain-

ing water. Removal of the resulting brine is blowdown.

Consumptive use. Use of water so that it becomes unavailable for further uses

within the same hydrological unit. Water is consumptively used when incorporated
in a product (e.g., canning fruit and vegetables), when evaporated for removal of
waste heat, or when removing waste material (waste water). Thus consumptive use

may result in a decrease of water quantity and/or degradation of water quality.

Groundwater. See aquifer.

Groundwater overdraft. Water may be pumped from aquifers in a groundwater basin

at various rates. The amount of water which can be withdrawn annually without
causing an undesirable influence in the basin (e.g., lowering water tables below
a given elevation) is called safe yield. Pumping of groundwater in excess of safe

yield is overdraft.



Instream flow. Includeg flow requirements for navigation, hydroelectric power

generation, conveyance to meet downstream treaty and compact commitments, fish and
wildlife habitat maintenance, waste assimilation, recreation, sediment transport

and fresh water inflow to estuaries (see Figure A-1).

USE

STREAM INFLOW B INSTREAM FLOW B STREAM OUTFLOW B

SUPPLY

Figure A-1. Schematic Representation of Regional Water Balance

Makeup water. 1. Water added to steam generating facilities to replace steam
which escaped or was wented to atmosphere (boiler makeup). 2. Water added to

evaporative cooling facilities using water.

Piezometric surface. See aquifer,




Potable water. Water of drinking water quality with respect to physical, chemical
and bacteriological properties. Usually it includes water for drinking, cooking,

washing, bathing, laundering, and toilet flushing.

Process water. Water incorporated in a product, either wholly (i.e., the entire
water molecule), or partially (e.g., the hydrogen of the water molecule is used in

the hydrogenation of synthetic fuels). See also consumptive use.

Raw water. Total amount of water supplied to an industrial plant or to a steam—
electric generating facility. Often raw waters are treated chemically (e.g.,
softened), to make them suitable for use. Some water losses may occur in this

treatment.

Return flow. See withdrawal.

River basin. A geographical area enclosed by a fictitious line such that all
precipitation falling within it and flowing on its surface reaches the lowest

point of the ground surface. Also called drainage basin, or catchment area.

See also runoff.
Runoff. Precipitation less natural evaporation from land surfaces, less plant
evapotranspiration, less percolation to groundwater. Runoff is usually expressed

quantitatively in relation to a river basin.

Stream inflow. Amount of water entering a water resources region through a river

(or rivers).

Streamflow. Amount of water flowing in a river.

Streamflow frequency. Variations in annual streamflow are expressed in terms of

flow that is expected to be exceeded in a specific percentage of years. For
example, a flow of 5-percent exceedance represents a very high flow that will be

exceeded in only 5 out of 100 years, on the average.

Waste water. See consumptive use.

Water balance. A regional accounting of water inflows, outflows, uses, and changes

in storage, so as to reflect the law of conservation of matter.



Water table. See aquifer,

Withdrawal. Water abstracted from a supply source (surface or groundwater). Part
of the withdrawal water is consumed; part may evaporate without an apparent bene-

ficial use; and part may reappear in streams (or aquifers) as return flow.

A



Appendix B

CONVERSION FACTORS

Water Measurement

Quantity

1 acre-foot = 325,851 gallons
43,560 cubic feet

it

i

1 million gallons 3.07 acre-feet

i

1 cubic foot 7.48 gallons

Flow
1 million gallons per day (mgd) = 694.4 gallons per minute (gpm)

= 1.55 cubic feet per second (cfs)
= 1,120 acre-~feet per year (ac—ft/yr)

1 billion gallomns per day (bgd) = 1.12 million acre-feet per year (Maf/vr)
1 cubic foot per second = 1.98 acre~feet per day
Energy

1 British thermal unit (Btu) 1.05506 kilo Joules (kJ)

it

1 kilowatt-hour (kWh) 3,600 kilo Joules (kJ)

Water and Energy

1
Million acre-~feet per 10 > (quad) Btu = 1.11174 gallons per kilowatt~hour






Appendix C

ESTIMATED CHARACTERISTICS OF SOME ENERGY-RELATED TECHNOLOGIES

Table C-1

COAL LIQUEFACTION PROCESSES

Required power generated at the liquefaction plant

Case 1 Case 2
Characteristic {SRC) (CHL)

Overall thermal efficiencya'(%) 71.8 67.7
Electric power requirements (MW) 182 238
Capital requirement (lO6 19768) 1,510 1,690
Operating manpower 204 213
Production costs (l976$/106 Btu) 4.54 5.32
8ruyel products/total coal feed
Source: McNamee et al. 1978

Table C-2

Case 3 Case 4
(SRC) (CHL)
69.9 65.0
205 317
1,612 1,985
209 226
4.79 5.87

COMPARISON OF POWER AND CAPITAL REQUIREMENTS FOR COAL LIQUEFACTION:
REQUIRED POWER GENERATED AT THE PLANT OR PURCHASED OUTSIDE

Characteristic

Electric power (MW)

Generated
Purchased

Total

Capital (106 1976%)

Production costs

(1976$/106 Btu)

Source: McNamee et al.

Case 1 Case 1A Case 1Al
(SRC) {(electric drive) (steam drive)
182 86.86 0
0 102.14 99
182 189.00 99
1,510 1,345 1,268
4,54 4,44 4,26
1978.

C-1
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Appendix D
EPM -— AN ENERGY POLICY MODEL

Mary D. Schrot
Energy & Resource Planning
Lawrence Livermore Laboratory

The Lawrence Livermore Laboratory (LLL) uses its Energy Policy Model (EPM) not

only to project equilibrium prices and quantities over a long-term horizon (usually
50 years) under free market conditions, but also to exhibit the effects of govern-
ment policies and other comnstraints on free market economics. Like the SRI-Gulf
Model, from which much of its structure is derived, EPM is a dynamic regionalized
model of the energy sector of the U.S. economy in which energy flows are concep~
tualized as a network with resource nodes at the bottom and end-use nodes at the
top. Energy flows upward through a variety of process and transportation nodes.

A sample network branch is shown in Figure D-1.

The regionalization in EPM requires distinct nodes for all processes (oil refining,
power generation, etc.) and all materials (coal, gasoline, etc.) in every region,

as well as for various forms of interregional transport of materials. End-use
demands for transportation, space heat, etc. are aggregated by U.S. census regions
while resource regions are defined where needed for coal, crude oil, shale deposits,
etc. Input data include or imply supply curves at production nodes, demand curves
at end-use nodes, and parameters for determining costs and efficiencies at process

and transportation nodes.

The use of EPM in a study usually requires the development of a problem-specific
version reflecting a suitable base-case scenario. This development may include
modification of the network to provide more detail in a sector, such as transpor-
tation, or a region, such as New England. Once a basic version has been run,
additional scenarios can be designed to reflect assumptions about the economics
of any process, e.g., power generated by a coal-fired boiler, about government
policies regarding price controls or import limitations, about the dates on which

new technologies will be available, etc. The implementation of altermative
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Figure D-1. A Sample Network Section Showing Energy Plan
From Resources to End-uses



scenarios is accomplished by changing the appropriate parameters in the base
version and re-running the model. 1In any run of EPM, market clearing prices and
quantities for a network of several thousand nodes are determined dynamically

over a 50-year time horizon.

In order to facilitate the construction and use of EPM, LLL developed an Economic
Modeling System (EMS), which consists of four distinct computer programs, INPUT,
SOLVE, PRINT, and PLOT along with a specialized modeling language. The program
INPUT requires two files -- a network file and parameter file ~- to produce an
initial market structure. The network file describes enmergy flows in the symbolic

language that INPUT recognizes, while the parameter file provides all necessary

data. INPUT generates a market structure, a sequenced network of market, process,

and transportation nodes with fully specified calculational routines attached to
the nodes. This preliminary market structure, which is dumped as the work file
WORKA, contains only initializations, usually zero, of the prices and quantities

that will appear in all subsequent market structures.

Program SOLVE takes WORKA, which includes initializing estimates of the volume of
resource production, and works up the network from resources to end-uses computing
prices, and then down again computing quantities. It thus produces a new market
structure which includes prices and quantities at all market nodes. FEach such
round-trip through the network constitutes an iteration. TIf SOLVE has been asked
to run 10 iterations, it will write over each market structure except the 10th,
which it will dump as WORKB. If it is then re-started and run for 20 iterations,
it will output the 30th market structure as WORKC. Techniques to drive toward an

equilibrium of market clearing prices and quantities are built into SOLVE.

To illustrate the basic iterative process that leads to equilibrium, let us tele-
scope a section of the network and hypothesize a process (Figure D-2a) with
constant costs and efficiency:

® A 1is a resource material with a supply curve S, exhibiting the
quantity qp of A that will be supplied at price py;

<

® A2B is a process transforming A to B with efficiency e (0 (e < 1)
at a cost of ¢ dollars/10° Btu of product;

@ B 1is an end-use material with demand curve Dy showing the quantity
ag which users will purchase if the price is pyp.
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Figure D-2A. Feedstock A dis Processed into
Product B with Efficiency e
and Cost of ¢ Dollars per 10
Btu of Product

The supply curve SA induces SB (Figure D2b), a supply curve for B showing

what may be thought of as the marginal costs (or the selling prices) of various

quantities of B in a case where the owner of feedstock A also owns the AZ2B

processor and thus supplies B vrather than A. A point (qA, pA) on SA maps
into a point (qB, pB) on S as follows: When feedstock 9 is processed

B

by A2B, which has efficiency e, the output 4 is e 9y~ The price Py will
reflect the cost of the feedstock, which is pA/e per unit of product, plus the

processing cost c¢. Thus 9z = © qy and Py = C + pA/e'

Similarly, DB induces DA’ a demand curve on the amounts of A needed to meet
requirements on B. It may be thought of as describing the amounts of A that
would be purchased at various prices by end users who could process it into B

themselves with efficiency e and cost «c.

If the mappings from SA to SB and from DB to DA are well-behaved, as is

certainly the case with e and ¢ assumed constant, then the equilibrium points
(qA, pA) and (qB, PB) shown in Figure D-3 are equivalent. A highly simplified
and static conceptualization of the iterative process leading to the equilibrium

will now be described.



edp  qp

QUANTITY (10° Btu)

Figure D-2B. The Demand Function for the Product (Dy) Induces
a Demand Function for the Feedstock. Likewise
the Supply Function for the Feedstock (Sy)
Induces a Supply Function for the Product

PRICE ($/105 Bt)

(CYNE IV ‘-""~—DA

QUANTITY (108 Btu)

Figure D-3. The Feedstock Equilibrium (q, ° p,) corresponds to
O 24 *A
the Product Equilibrium (QB . EB)



The process 1s initialized with an estimate 9y of the production volume of the
resource material A. The curve SA then determines a price Pyo which is trans-

formed during the upward portion of an iteration into a price Pp = ¢ + pA/e.

As prescribed by DB’ this price Py determines a product demand quantity g
which is then transformed down the network to q, = qB/e, the quantity of feedstock

demanded at price This concludes the first iteration. If, after some itera-

Pp-
tion, qA equals 9o then the equilibrium point where DA and SA intersect

has been found. In actual practice, one iterates until prices and quantities are
sufficiently stable. This is done by setting q, = qA and repeating the process

of determining Py from SA, working up to (qB, pB), etc.

Any work file can be passed to program PRINT or program PLOT, each of which trans-—
forms the market structure prices and quantities into a file suitable for display~

ing results.

The output from PRINT provides, for each node and time period, the prices and

quantities in the current market structure. The first line is prices in dollars/
106 Btu; the second is energy measured in 106 Btu. The output from PLOT consists
of graphs exhibiting, over the whole time horizon, either prices or quantities of
single or aggregated materials. Examples are presented in the body of this paper

(Figures 6-4 through 6-8).

The network file that must be provided to INPUT describes each process (square

nodes) in the form:
PROCESS PROCESSNAME (FEEDSTOCK ; PRODUCT)

as shown in Figure D~4. Materials (circular nodes) are defined by their mention
as inputs (feedstocks) or outputs (products) of processes. If no feedstock appears
before the semicolon, the process is an input-free resource or raw material node

such as coal-mining.

While all processes could be linked in one large model, the regionalization capabi-
lities of EMS are best exploited through the use of sub-models which group the
processes as in Figure D-5. The parameter list in the "DEFINE" line consists of
material nodes capable of linkage outside the sub-model. The "MARKET RESOQURCE"
line lists all pertinent material (circular) nodes. Note that two of the processes

are "production'as described above.
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Market node
POWER

Process node
COAL_TO_POWER

Martket node
COAL

PROCESS COAL_TO_POWER (COAL; POWER)

Figure D-4. One Statement Explicitly Defines a
Process Node and Tmplicitly Defines
Inputs and Outputs. The Above
Statement and Diagram Represent the
Generation of Electricity in a Coal~-
Fired Power Plant

HBTUGAS LPG CRUDE_OIL

e O

]

WET_TO_DRY_GAS_LPG

!
!
I
!
i
[
!
i
!

¥
(O weT_gas
4
GAS_PROD OIL_PROD
b e o e s o o oo cmrs oo o oo e s o A

DEFINE MODEL OiL_GAS_PROD (CRUDE_OIL, HBTUGAS, LPG)
MARKET RESOURCE (WET_GAS_, CRUDE_OIL, HBTUGAS, LPG)
PROCESS OiL_PROD (,CRUDE_OiL)
PROCESS GAS_PROD ([WET_GAS)
PROCESS WET_TO_DRY_GAS_LPG (WET_GAS; HBTUGAS, LPG)

END

Figure D-5. A Typical Submodel Describes Related Processes
Occuring Together Within one or More Regions



The main model includes calls to all the sub-models and specification of each
transportation link with a line that gives the type of transport, the regionalized
names of the input and output materials, and abbreviations for the starting and

destination points. An excerpt from a main model is given in Figure D-6.

pc>cA N R 6P>ca

a: PC_HBTUGAS
b: GP_LPG

¢: PC_OIL_GAS_PROD.OIL_PROD.
d: GP_OIL_GAS_PROD.OIL_PROD.

[ et i |
i R |

CALL OlL._GAS_PROD:PC_OIL_GAS_PROD (PC_CRUDE_OIL,
PC_HBTUGAS, PC_LPG)

CALL OIL_GAS_PROD:GP_OIL_GAS_PROD (GP_CRUDE_OIL,
GP_HBTUGAS, GP_LPG)

TRANSPORTATION OiL_PIPE (PC_CRUDE_OIL; CA_CRUDE_OIL;
PC >CA)

TRANSPORTATION OIL_PIPE (GP_CRUDE_OIL; CA_CRUDE_OIL;
GP > CA)

Figure D~6. 0il and Gas Production in the Pacific Coast (PC) and
Great Plains (GP) Resource Regions Provide Crude 01l
Which is Piped to California (CA), a Refinery Region.
The Main Model Contains Transportation Links and
Calls to Regionalized Sub-models.

To each node in the network we must associate a calculational subroutine of a KIND
recognized by EMS. 1In the parameter file each node defined in the network file
must be classified as to KIND and the parameters required for that KIND must be
supplied. ©Not only is a simple input format provided, but EMS allows multiple
options for electing default values and simultaneously setting parameters for a
class of similar nodes. These node~related sub~routines provide the means of
calculating costs and efficiencies at each node and are thus the mechanism by
which SOLVE calculates a price at each node when iterating upward and a quantity

at each node when iterating downward.
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Although designed with energy policy applications in mind, EMS has the potential
for generating economic networks in a variety of contexts. Many capabilities not
discussed above are in fact bullt into the software, including price and quantity
controls, time lags, technological change and learning. The manner in which energy
users and processers allocate demand among alternative suppliers and technologies

is explicitly modeled.

All calculations are made dynamically, essentially simultaneously for all time
periods. Thus, for example, prices in later time periods are influenced by the
depletion level induced by quantities produced in previous periods, while capital
investment decisions in early periods reflect an ability to project future infla~-
tion and prices and to discount to present value. Detailed documentation of the
workings of EMS is available in LLL publications. [Rambo and Coles, 1978; Rousseau

et al. 1978a, 1978b; Sussman and Rousseau 1978a, 1978b.]
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Appendix E

WATER-RESOM SOFTWARE

The following is a list of software developed in conjunction with the WATER-RESOM

model.
® WYL.WJ.NYB.MRESON1 -- a temporary report generator;
® WYL.WJ.NYB.UTILITY -~ a library containing the following files:
—~COPY -- lists the problem data (stored on tape) on hard copy;
-=~COPY1l ~- moves problem data from tape to disk;
~-=~COPY2 -~ moves problem data from disk to tape;
--COPY3 -- moves data from FILEOOO4 on tape to FILEOOO3 on the
same tape, thus making available FILEOOO4 for the latest data
update yet keeping the previous data set on FILEOOO3;
@ WYL.WJ.NYB.MRESON -~ generates the dictionary section of MAGEN
input data and includes commands for report generation based on
the solution file of the MPS solver;
® WYL.WJ.NYB.MRESOM -~ a copy of the MAGEN file as supplied by BNL;
@ WYL.WJ.NYB.MRESONZ -~ another temporary report generator;
® WYL.WJ.NYB.MRUN -~ control statements for making an MPS run,
including a report generator;
® WYL.WJ.NYB.MAGEN ~- the job control statements of the MAGEN routine;
® WYL.WJ.NYB,MPSRUN -~ control statements for making an MPS run with—

out the generation of a report.

Listings of these computer programs are available on request.






