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Introduction

COMPLEAT takes its name, as an acronym, from Community-OrientedModel
for Planning Least-Cost Energy Alternativesand Technologies. lt is an
electric utility planning model designed f_)ruse principallyby publicly
owned electric utilities and agenciesserving such utilities.

As a model, COMPLEAT is significantlymore full-featuredand complex
than called out In APPA's original plan and proposal to DOE. The
additional complexity grew out of a series of discussionsearly in the
development schedule, in which it became clear to APPA staff and
advisors that the simplicity characterizingthe original plan, while
highly desirablein terms of utilityapplications,was not achievable if
practical utility p_'oblemswere to be addressed.

In its original concept, COMPLEAT was to combine the most useful
features of existing planning models and decision-makingalgorithms
without providing the full detailed treatmentof planning options that
characterizedsome of the existing programs. One of the first tasks in
the project was, indeed, a detailed review of existing models and
related capabilities. This review,which was an extremely informative
exercise for the project team, led to a growing conviction that the
correct process was not to merge variousexisting tools in a simplified
way, but rather to select the best-sultedof the existing models, and
then to build upon it with the specialfeatures that would adapt it to
the special attributes of publicly owned utilities.

Once this c_nvictionwas established,the project teams fairly easily
settled on Energy 20/20, an existingmodel developed by Dr. George
Backus of Policy Assessment Associates,as the best candidate for the
kinds of modificationsand extensionsthat would be required. The
remainder of the project effort was devoted to designing specific input
data files, output files, and user screensand to writing and testing
the computer programs that would properly implement the desired features
around Energy 20/20 as a core program.

The following sections of the report present additional detail on the
background features of the COMPLEAT model.



BACKGROUND

COMPLEATis one of fourteengrantprojectsunderDOE'sLeast-Cost
UtilityPlanning(LCUP)program.

Its purposeis to developmicrocomputersoftwarefor integrated
(supply-and demand-side)resourceplanningand to transferthat
softwareand the resultingplanningprocessto as broada spectrum
of publicpowersystemsas possible. A key objectivehas beento
reachsmallermunicipalsystems,but reachingthat objectiveis
uncertainbecauseof the size and complexityto whichthe software
has evolved.

The COMPLEATprojectfaceda challengeof greatcomplexity.Not
only are the technicaloptionsfor generationanddemand-side
measuresnumerous,and theirpotentialcombinationsvast,but the
interactionsbetweentheseoptionsand utilityfinancingand rates
and the outsideeconomyare profound. The emphasishas beento
buildon existingmethodologies_data and softwarein orderto keep
developmentcostsdown and the developmentperiodshort.

Much of the earlydevelopmentperiodwas spentunderstandingthe
scopeand complexityof the problemand evaluatingexisting
capabilities.Throughthisprocess,a numberof projectguidelines
emerged:

o The methodologyshouldemploya "closed-loop"capability.
That is, feedbacksbetweenenergyprices,theireffecton
consumerdemand,the resultingneedfor supply(and
financing),and new impactson priceshouldbe explicitand
dynamic;

o The treatmentbetweensupply-and demand-sideoptionsshould
be balanced|

o The primarypurposeof COMPLEATshouldbe to expand
awarenessof the breadthof optionsavailable-- thusmaking
lt more of a long-rangestrateqlcplannlngtool;

o Uncertaintiesinherentin the futureand the need to reflect
the multiplecriteriathat guidedecisionsshouldreceive
prominenttreatment;

o Existingcomputertoolsfromwhichto buildCOMPLEAT's
capabilitiesshouldnot be "blackboxes,"but availablein
sourcecode;and

o The capabilityshouldbe as easy to use and "friendly"as
possible.



This process of project definition and review of existing
capabilitieswas thorough,but time consuming. The project
eventually settled upon a closed-loop "core model" called Energy
2020, to be supplementedwith e_nhancementsand a decision-analysis
capability.

The resulting approach can best be described as a strategic,
longer-termmethod for integratedresource planning. While the
approach is felt to be the best one possible for conducting
"least-cost"utility planning, its applicabilityis hardly limited
to that realm. Potentialapplicationsof the approach can be as
diverse as testing the impact ofdeferred maintenance programs to
e_aluating the loss of tax-exempt financingor buy-out of the
eljectricutility.

The overall design indicatespromise for the continuedevolution of
COMPLEAT beyond the scope of the current project. Community impact
assessment and linkageto a geographlcally-basedmapping capability
are two among many promisingfuture directions.

Throughout, the COMPLEAT project has been guided by a large advisory
group of APPA utilities and experts from EPRI, national
laboratories,and consultants. APPA staff have also been actively
involved.

The following sections describe, in outline form, the features and
user interfaceof COMPLEAT.



GENERALFEATURES

m Integrated energy supply, price, demand, economy and
regulation, including all-fuel demand and supply model with
detailed electric and gas (not shown) utility capabilities

m Continuous dynamics simulated for any uSer-defined period up
to 40 years

m Decisions based on either consumer-preference or least-cost
criteria ,

m Policies for all consumer or utility decision points may be
Simulated, in the presence or absence of uncertainty in
external factors

m Calibration feauure automatically validates model to
historical experience; calibration values may be varied _or
future simulations

m Model structure modifiable to include additional or

alternative sectors (e.g., transportation, pollution); all
sectors and most procedures selectable by the user

m Flexible and powerful scenario creation and policy testing

R User-friendly and easy to use

m Large, standardized set of pre-formatted reports

m _lexible data expor_ routines to file or printer

s Powerful unce_cainty analysis capabilities, including
internal decision tree functions, key parameter and
uncertainty range ;.dentification, and "response" modeling

l Complete and contextual online help system with demo and
tutorial capabilities

ffi More than 250 experience-years and $15 million investment in
model usage and development at federal, state, energy
company and utility levels

ffi COMPLEAT's progenitor models still used in the development
of _he U.S. DOE's National Energy Plans

ffi Model available at no charge with source ccJde provided

ffi Complete training, data development, calibration and
configuration, user support, and model modification and
extension services available



DEMANDSECTOR FF.ATUI::tES

• Arbitrary number of end uses allowed (standard= primary
' heat, process heat, cooking, drying, 'hot water, lighting,

akr conditioning, refrigeration, miscellaneous,
electromotive, feedstock, and transportation, including
a_tomobile, truck, bus, train, marine and air)

l Arbitrary number of energy-consuming sectors allowed (34 are
. standard_ residential, commercial, and 2-digit SIC

industrials )

= Energy demands for all fuels simulateJd (standard: gas, oil,
high sulfur coal, low sulfur coal, biomass, solar =and +
electric )

= Marginal_ investments, fuel switching, and fuel conversions
simulated

= Both process- and device-related decisions simulated

= Capital and efficiency traded off dynamically with fuel
prices using either consumer-preference or least-cos_
decision criteria

m Flexibility to test all types of policy decisions, such as=
efficiency standards, subsidies,, low-interest loans, energy
taxes, cost sharing, tax credits, risks, indirect cosns,
expensing or capitalization of conservation, technological
advances, environmental regulations, energy shortages, fuel
prices

m Particularly well-suited to the analysis of demand-side
management options and DSM programs

= Shor_-uerm effects such as budget constraints and
temperature-sensitive loads simulated

= Non-energy price effects and socio-economic changes captured

= Cogeneration/QF investments, construction and u_.....je included

= Inter- and. Antra-regional energy demands simulated

ELECTRICUTILrrY SECTORFEATURES

• Complete and detailed description of all utility departments
prov.ided

= Data entry mimics current reporting formats such as the FERC
Form I (IOUs), REA Form 7 (_al coops) or EIA Forms 412 and
467 (public power)



M Data entry validated through summation and cross-checks

m Model configurable for either investor-owned utilities,
rural electric cooperatives or public power systems

m utility interactions simulated for five user-defined seasons

m Load duration curves calculated dynamically

m Seven different generator types and 23 dispatch modes, all
user-defined, standard

m Detailed treatment o_ the transmission and distribution

systems, including construction, expenses and losses

m Capacity expansion_ forecasting, construction and financing
all simulated

m Generation dispatched dynamically, based either on unit
veriable costs, least-emissions ou user-deflned; must run
assignments possible

m Production costing provided, including fuel by plant type,
general and administrative, operation and maintenance,
purchased power, conservation costs, load management costs,
nuclear fuel s_orageand decommissioning costs

O m Detail_ treatment of wholesale power transactions including
federal allocations, firm, eccnomy and spot purchases and
sales, interchanges, and regional interchange capacity

I Complete utility accounting and financing evaluated (e.g.,
assets, revenues, taxes, retained earnings, debt and debt
service, common stock issues, n_nbe_ of sha_es, AFUDC, CWZP,
financial li/ts, dividends, cancellation losses, _unds from
operations, retained earnings)

I Complete income statement, sources and uses of funds,
balance sheet, and numerous o_her financial statements
generated and reported

m An arbitrary _umber of rate classes and policies allowed,
includings test-year rate determination using contribution
to peak, hlstorical or future test years, non£economic rate
adJusnments, t'_m-of-use rates and demand charges

m Load management policies such as voluntary, involuntary or
buy-back programs, capital subsidies or rate relief may be
_ested

m Avoided cost and market potential for QFs calculated

Extensive number of available modifications to the above

standard Electric Utility sector capabilities



ECONOMYSECTOR FEATURES

m Arbitrary number of economic categories allowed (e.g., SICs,
tourism, etc. )

m Local employment, gross local product, value added and local
imports and exports by sector determined

m Population and migration, local inflation or taxes may be
forecasted internally ou externally assigned by the user

m Prices, wages, labor intensity, cost of capital, production
costs and production inputs by sector all simulated

• Additions and retirements to capital stock are detailed and
vintaged

• Inflation impact of financial markets incorporated

• Energy feedback on capital investments, capacity utilization
and inflation all tested

m Welfare costs, pollution, construction and transporCatlon
estimated

ENERGYSUPPLY(GENERAL)SECTORFEATURES

• Ali delivered fuel prices by customer class are calculated
(standard fuels- gas, oil, high sulfur coal, low sulfur ,
coal, biomass, electricity)

B Supply capacity and constraints, dynamic energy shortages,
and hook-up moratoriums all simulated

• Regional resouuce supply and depletion determined
dynamically

• Primary energy price scenarios or user assignments allowed

QUALIRED FACILi3YSECTOR FEATURES

m Standard QP' technologies are gas, oil, high sulfur coal, low
sulfur coal, biomass, solar, hydro, wind and refuse (other
user assignments allowed)

l Investment analysis and construction decisions simulated

• Environmental constraints and technological change may be
simulated

• Local resource depletion (e.g., refuse, hydro) detailed



OEW

• The COMPLEAT methodology is a comprehensive representation
of the enUire utility _ -- supply, demand and community

• lt intearates all parts of the utility Into a _@if-
c.Qnsistent framework where future options can be _tested and
u_derstood

• COMPLEAT captures the feedback among all components of the
utility system -- allowing analysis of the critically
important, but often neglected, indirect and interact_i_ve

• only the causa_ relationships within the Utility system are
modeled; ,the focus is on the system s_ructure and dec Ssio_
Droces_.es" The operating environment may change, new
decisions may be made, but the system remains the same

[] COMPLEAT can therefore portray new _Dhen.om@.na beyond the
capabilities of conventional model_

• COMPLEAT is nonetheless firmly rooted in formal economic_s
and_enaineerinq

• COMPLEAT's _.._ta @_nthesis routines allow minimum data
requirements and compensate for information gaps

• Calibrat_o_ of the model to the local service area is
rigorous and automatic

• Exhaustive confident@ and ..validity' te_tinq is possible with
COMPLEAT's associated HYPERSENS uncertain_y capabilities

IEGRA ON

• An overview of COMPLEAT's integration ks shown on Figure 1

• The Demand sector integration is shown on Figure 2

• The Electric Utility sector integration ks shown On Figure 3



Figure I. Overview of COl__"s Zategracion
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O i SPIRAL is a simplified simulation laboratory for comparing
different major methodologies

m Sub-models include: end-use demc_d model; econometric
demand model; causal demand model; exogenous u_illty model;
econometric utility model; causal utility model

S Critica_ concepts including fuel switching, capacity
additions, conservation and delayed responses all simulated

m Difference between a causal model with feedback and the
other sub-models can exceed 400%

m Iterating or adding feedback to econometric o= optimization

models leads to an 9veres_imation of actual responses

• Numerous references in _he literature show that combining
system dynamics and consumer-decision theory, as ks used in
C0MPLEAT, provides the best and, maybe only, method of
s_rategic planning

COMPONENTSAND ALGORITHMS

• Components and algorithms used in COMPLEAT are based on
validated approaches used in many other models. These
menhodologies and associated models are:

Standard  ncl- se s  ==Zatio.

-- Vintaged Capital Stock Structure (COMMEND)
-- Dynamic Market Share Algorithms (REEPS )
--- Capital Cost/Efficiency Tradeoff Curves (ORNL)

Standard Utillt_ Sil;la_on

-- Financial Accounting (MIDAS)
-- Regulatory/Ratemaking (LV.STM)
-- Capacity Expansion (UPLAN)
-- Production Costing (POWERSYM)
-- End-Use Load Shapes (EPS)

S__-ndn_d S_St--R 13_m_.---_csS|_--_latig,

-- Integrated Supply and Demand (FOSSIL2, CPAM)
-- Feedback from Price, Supply and Demand (CMP)
-- Engineering/Economic Decisionmakih% (Cambridge Syst)

Advanced Unce_i_t_ _a!Tsis

--HYPERSENS (BPA, CPAM, LANL)
-- Decision Trees (MIDAS, PROMULA)



,""_ SIMULATION SEQUENCE

e From the initial year to the end year of the simulation (forecast
horizon), COMPLEAT simulates each par_ of the u_ility system as
depicted below:

, INillALIZXMODEL

I
ECONOMY

1
V

DN_.ND

I
V

U'nLI_

I
V

QUALIREDFACIUTIF_
(m_ed =m_=omat=_, ¢_0==)

1
Y

OTHERSUPPLY
(ul w_ aupp_of__ fu_)

I
V

U_'rE YEAR/_D LOOPTO 'ECONOMY'UN'hLC_M_
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HISTORICALCALIBRATION

COM_LEAT is calibrated to reproduce history. Unless a model can
reproduce history, a user has little confidence that kt can
legitimately represent the future. It is difficult, in a model
that does not reproduce history, to determine whether the
feedback is properly incorporated, what ks missing or what ks
improperly specified. There is always a crucial difference
between the way the "rules" say the energy system operates and
the way it really does operate for a given utility's service
area.

m When COMPLEAT historically estimates its time-independent
parameters, kt is •

-- Ensuring self-consistent data
-- Making the model specific to the service area and
utility
-- Using the data on a cross-sectional basis to avoid
biases

m When COMPLEAT attempts to reproduce the history of the
entire system, it is"

-- Ensuring a self-consistent description of the
utility system
-- Uncovering processes unique to the utility or
service area

-- Increasing confidence in future scenario tests

m The method of calibration is based on the log-control method
of mathematical relaxation (being updated to Newton-Raphson
and Maximum Likelihood Estimation)

m The result of calibration is a unique model for each utility
service territory

UNCERTAINTYANALYSIS

m COMPLEAT employs the HYPERSENS confidence and sensitivity
analysis tool. When used, it:

-- Provides confidence intervals on model results

-- Quantifies the uncertainty in any given forecast
-- Quantif±es the uncertainty of any given policy
-- Identifies sources and variables responsible for the
uncertainty
-- May act to minimize the n_ed for further and
expensive data collection
-- Can provide uncertainty inputs for the automatic
creation of appropriate decision trees

m HYPERSENS is based on the Latin-Hypercube Sampling method



MENUAND WINDOWINGSYSTEM

| Key le_er/bouncebar activated "pull-down" and "pop-up"
menus

| Flexible windowing, wiUh MAIN, PROMPT and COMMENT windows

• iiii i ii i • .,,

____=_llt_...._i,,_,=_,_m "-_'r....' =
, ,

E, , , ,, ,.. ,,,,, ,,,

DI_FIrt - ConfLgure model/select pera=_ers and defeult data for a glue. run,,. . ....... .,, ,, ,. ,, .

i i i = i •



USE OF 'PICK' USTS
(

i Variables and sens selec_able via full descripnors

m Ali da_a base variables accessible online

;dent Descrip_ion
:RIC, Contracted Regional Interchange Capacit_ (iqJ)

CIIICA Contracted Regional Interchange Additions (Irl)
DISPOBDispatch Order CI:FI]IST)
EGP Electricitg Dispatched (G_/yr}
E_RP [_cern_L ,Cap_cit_ (1_)
FhCF Fed _llocatLon PurchAses C_pacitu Factor (FractLon)
FaEG Fed Allocation Purchases Purchases (Ggh)
FRGC Fed _lllocation PurchasesC_pacitq (PII_) ,

'"-- o i _ i ,,= _ liI"I ", " I , I a , " l a , n,

FPCF Firm Purchases Capacitg Factor (Fraction)
FPEG Firm Purchases Purchases (Ggh)
F?GC Firm PurchasesCapacitg (_}
FrUC Firm Purchases Unit Cost (mills/k_)
FPUCF Firm Purchases Unit Cost Factor (Fraction)
[ICFR Interchange Purchases (in) Cost Fraction ($/$)
[IFFR Interchange Purchases (o_t) PowerFraction (_)

!li li iii I I II I Jim' lilll I ' Iii I I • I Iii
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INTERACTIVE USE OF PROMULA

COMPLEAT based on Processor _f M___ultiple _anguage
Applications -- 9ROMULA

m Interactive use of PROMULA available at _II times

I _in Plenu J

Xeg Function

Ft [xit PROPIJLA
FZ Rcstart PROPIUL_
F3 Run the, PROPIIJL_Tutorial
F4 Ed it a source f i le
F5 Compile a source program
F6 Run a programfrom the console
F? Resume en interrupted program
F8 Run a programProma disk file
F9 Run _ menu o£ _ppiications

FIO im=i.,mlllllli IIIl|'lR'mu.,.wwr[a
L

-_ Press desired keg or mue bouncebar and [EIITERi _-
press

eel !

o_tght ].988,89 PROPILJLADevelopmentCorporation, ALL RZGHTSRESER_DIJersion HuMer 1.34, Release Date IGv_J/8$





l Descriptive _u_orial, definitions, s_ep-by-s_ep
instructions, and uips all available
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i' FLEXIBLEDEFINITIONrAND CONFIGURAllON

I Ali znodel segments and procedures can i be switched on or off;
multiple switches frequently available

a Ali se_ descriptors in the model user-definable, appear on
screens and reports

B Historical and forecast periods defined by user
,ml i i ! P

mn . , i

___,_v_ ____._=__==._##_==___,_==_=_l_-=_-_ _-;.:,=_--_ _ - _- - _'-= m ,; ....±......... _=_........... _.... .......... _.....

GAS Segme.t lm Use/nCTI_ - _lues ere rlodel-Calc_leted
OIL Segment is HOTUSED - _lues Calculated in SUPPLY

LSCOAL Segme.t In Use/HOT ACTIUE- _lues ere User-Supplied
HSCO_tL Segmeat in Use/HOTnCTI_ - _lues Are Pre-Calculated
BIOMASS Segment is HOTUSED - _lues Celculated in SUPPLY
SOLeR Scgscnt is ,._OTUSED ,- _lucs Calculatcd in SUPPLY

ELEC_[C Segment in UsezRCTI_ - _laes Are _del-Calc=lated
ECOBOl_t Segment in Use/nCTIL_ - _lues Are iqodel-Calcalated
DE_IqD Segment in UsezeCTItq; - _lues Are _del-C=lc=lated
SUPPLY Segment in Use/HOTACTIPE- Lkl,,es ere User-Supplied
qF Segment is HOTUSED - t_lues Calculated in SUPPLY
_AIISP'H Segmentin Use/HOT_tCTILE- _lues _re User-SupplLed
PrinLer is OFF
Graphics ere HIGHresolution

in sustem directorg .......... _CO_LEAT
Base cese da_;esubdirectorg..., _COI_LJ;_IT_UASI_

Press _ to ¢ontlnue J

DATACATEGORIESAND MANAGEMENT

I Three da_a levels= NA_ZONAL, STATE and SERVICE AREA

i NATIONAL and STATE daUa provided as defaul_s: 70% of no_al

m Ali da_a maintained on da_a bases wi_h virtual access,,
dynamic updating (power loss will no_ cause loss of da_a)

O



DATA ENTRY AND VALIDATION

I "Forms" orientation to SERVICE AREA'data entry -- duplicates
common reporting formats

l Hierarchical, stepwise dana entry sequence, with _ubtotals
and totals carried forward

I Summation checks }
} eliminates "garbage in, garbage out"

l Data cross checks }

.... ......... ,,i

1985 - Historical Annual IncomeStatement (1_)
, 1985

1985
E:lectric Util_t y Opermting Income

Opcratin9 _lc_n_cs..................i %.7_3
OperatLng Expenses.............. ,..._ 55.ZZ9
Plninten_nceExpenses ................ $ 4.337

e Depreciation and Aamrti=ation, ...... $ 19.E_5Taxes and Tax Equi_lents ........... _ 3._)56
Contributions and Services .......... $ 0.900

TOTALElectric Operatin9 [xyenses,$ 74.547
Me_Operetin9 [acuie ................. $ ZZ. t96
Incomeiron I'l_n£ Leased to Others. ,$ o.eeo

Total Electric Utility Operating lncoze
Other Uttltty Operating [nco_ ........ $

i ., , ,, , , , .... ., , ,.,
Exit ii_mt_lllima,mi_'_i,itffltJ,mh, i,-.m:i...._L._ SelecZ _ Edit

,.. ,., , J.,., ,_ .,,. ,,, .

' ...... I ..,, - I. I . I _ I |

RLE AND SUBDIRECTORY MANAGEMENT

m Cases and scenarios maintained on separate subdirectories

"Pack" and "unpack" capabilities compress data storage

i New cases, scenarios may be built in tree-like manner



SCENARIO CREATION AND MANAGEMENT

i Scenario8 conform to EPRI's RZSKMIN terminology

m OptJ.on "templates" identify essential model variables that
need to be considered when testing that option -- speeds
policy testing and prevents mistakes

6 More than 200 pre-loaded options (30 c_rrently implemented)
available online

m Options are mixed-and-matched "smorgasbord-style" allowing
the creation of virtually unlimited scenarios

l Scenario "header" allows tracking and QC for scenario
creation -- esp. JJnportan_ given the tree-lAke capabilities
to create new scenarios

_[ iii Iii II,IlilU li IIIIllI I L

, I m,,, , , , , ,, I ,1, , I I

, ,, |, ,,, , , i i

,!

' ' Da'te Created: 16)ve6/O_

Scenario Name: COiiPLEi_T"alpha' test scenario ,
Operator's Marne"II. lleri]mn LJersion No," 0,8.0.
Target . Current Packed/Regulap

SttSdirectoru: _ST ' _,, Subdircctoru: _llglflG Data Files (F/R): X

Line IZ This: can 5t_;useful to provide a clearer audit
Line 13: treLl t'or l?,hecreation ot gout scenarios,
Line lq: \

,I

Source Subdirectorg : F Date Created: 95/30v67 Last Revised: _/15/68,
Source Scenario Hinae' Origkne] Default Scenario Configuration
Source Directory Desc,: Orig Lnil Eneruu ZOeO
Operator's @fame-LastSeurce levision: G. 9acku,j Source Liar Ho.: 0,7.3

£xJt __ Select _, i:dit
IIII i i i i
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ATTACHMENT A.

o Initial Considerations
(beforestart of work)

o Excerpts from "Straw Man"
discussion paper, August 1987

o Report of first ad'¢isors' meeting
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July 27, 1987

LCUPP/COMPLEAT
InitialConsiderations•. iii

What Should C0MPLEATAttempt to Accomplish?

e Be credibleand be used
e Expand appreciationfor the rangeof energyservicesavailableto

the public powersystem
e Expand appreciationfor the community'sand consumers'perspective

on what is "least-cost"to them
e Increasefamiliaritywith a broad rangeof analyticaland planning

teels
t Focus on strategicalternativesratherthan defensibleplans

(these should come later based on the promising strategic
alternativesidentifled)

e Be flexiblewith respectto the importanceof diferrentcommunity
val ues

e Create a visibleand innovativeimage for public power with the
wider communityof energypolicymakers

l_mplementation Options

I) Modifyc.rrent integratedmodel
2) Combineoff-the-shelfmodels as is; use certain inputsand outputs

for integratedstructure
3) Excise pieces (subroutinesand procedures)from existingmodels

and link togetherintoa new structure
4) Start from a clean slate,but utilize the "knowledge"in existing

,_odeIs"

Uni,,quePersp,ectives inr,,,COMPLEAT

e Community-levelfocus, financing,employmentand other impacts
e User focus:data requirements,user interface,extensiveuser

input, review and testing
e Cogenerationand user-generation
• Energy'servicesand end use focus
e Least-costperspectiveappliedto currentsituation (how well is

present systemoptimized)as well as to forecastsituation
e Follow-ontechnologytransfer efforts (hands-onworkshops,

case studies)
• "Value-added"throughmodularityof design

_hProposed Audience
ii iiiii

• Medium-sizedpublic power systems and larger
• Joint-actiGnagencieson behalf of smallerutilities



' Propos.e.dDesign cons,i,d,erat!,,ons

e No transportation sector
• Electric/non-electric included
e Community-level analysis
e Explicit consideration of uncertainty/risk
e User objectives and weighting guide analysi_
e Stand-alone modularity at the sectoral and enalytic-component

levels

e "Minimal" data requirement but ability to change underlying
default data for advanced users

• Endo-usefocus
• Engineering and economic analysis focus
® Cogeneration and district heating and cooling inclucled
• Ali efforts to be analyzable within capabilities of target

audience

e Flexibility to add additional end-use technologies, demand-side
management options

• Initial base case optimization in the absence of forecasts
e Export procedures to Lotus I-2-3

Unresolved Design Considerations

e Time horizon in years
• Time-series capabilities (month, year) or not
e Consideration of pooled supply resources (joint-action agency

participants)
e Inclusion of load shapes/profiles
e scenario/batch capabilities
e integration of municipal services; wasteheat cascades
e Speci.ficenergy services to be considered
• Primacy of least-cost perspective" individual consumer, utility,

community
• Non-energy/cost parameters to be considered" environmental

discharges, land use, water use, employment, etx.
e Consideration of interfuel competition, cross elasticities
• Consideration of demand-side management programmatic or

implementation costs
e Methods for handling costs" marginal, net present value, life-

cycle, annualized, capital, budget, 0 & M
e Customer acceptance of DSM options; market penetrations
e Feedback and iteration capabilities: computer vs. "manual"

optimization
w



EXCERPT

DISCUSSION P_PER
-- III

COMPLEATDesign Considerations

This discussion paRerproposes "straw man" objectives and design
considerations For APPA's COMRLEAT (Community-Oriented :_odelFor Planning
Least-Cost Energy Alternatives ancLTechnologies) softaaro,development ,project.
COMPLEAT is being supported _y,grants from OOE and APRA's DE-SDprogram, as weil
as contributed time by APRA members and staff.

COMPLF.ATis a more comprenensive project t,_ansoftware development.
However, the metmodology to be embodied in t_e COMRLEAT softaare is at the heart
of the _roject, and must be i,,_plementedsuccessfully before _ne o_her project
objectives can be met. COMPLF.AT'sproject advisers should therefore Focus on
treeissues raised by t,_isc_iscussionpaper.

"Least-cost" (or "integrated resource") planning is a ra.lativelynew
_iscipline that has as ;nany_efini_ions and _e_nodologies as adherents. This
_iscussion paper sets Forth ._new approach tna_ is suostantially :lifferent :,_an
c_rrently available software to conduct sucn planning.

.he eventual de&ign For C._MPLEATmust :hakesense and De usable by _ublic
power systems. The puroose of _nis _iscussion paper is to sr,imula_eideas and
ss_es to achieve that end.

The material in inis paper is organized into Fi.,esections: General,
Overall Design Premises, ._escriotionof Program ;low, Specific Design Issues ancl
_ooroaches, and ConcIJsions. The paper is appendecloy seven Figures and a
table. This ,_aterialsupplements the Volume I_.tecnnical _roposal For COMPLEAT,
which is enclosed.

I. GENERAL

Initially, COMPL:.ATis intende_ to be i_olementad by ,_e_ium-sizedor
larger public power systems anO by joint action agencies and stats and regional
associations on behalf of smaller utilities. The softaare snould _e f.lexibie

anc_relatively easy to use.

COMPLEAT's ultimate objective is to expand appreciation For the range of
energy service alternatives _vailable to the public _ower system. Results from
_OMPLEAT should be sufficiently robust to identify those alt._rnativesdeserving
more detailed analysis prior to implementation.

COMPLEAT t,husFocuses on screening strategic alternatives rather than
_efining detailed tactics. Since a broad range of tecnniques ,_ustbe useci:o
valuate these alternatives, ,,IOMPLZATcan also increase familiarity with tnese

lyrical and planning :netnocIs.Because these tecnniques _ave val_e in their
.n rigmt, a _odular approach to S,_MPL-'AT'Sdesign can allow the use of these

constituent techniques as s:an_alone software tools, _.nereoyennancing _ne
overall usefulness of t_e complete package.

COMPLEAT will bring ,_anyjnique perspectives _o the questions of



least-cost planning methodologies due to the unique circumstances of public
power systems.

COMPLEAT will have a community-level focus in terms of the technologiesto
be investigated, financing, employment and other impacts. Because each
community's values with respect to its future is different, COMPLEAT must also
be able to evaluate alternatives based on these values. Thus, strictly speaking,
results frownthe COMPLEAT methodology may not be "least-cost" at all, but rather
"maximum employment" ", cleanest environment", or some other combination of
community values. The results may be best viewed as "maxlmum value" from each
community's perspective. Others have referred to this approach as "value-oased"
planning.

COMPLEAT will emphasize the energy service perspective. Cogeneration,
dispersed and user-generation, and non-electric energy services will be
included. The analytic requirements will be driven by the energy service needs
of consumers.

COMPLEAT's users--the analysts and planners ,aithinindividual public'power
systems--may be limited by resources, data or sophistication, COMPLEAT will
thus be designed for low-cost :nicrocomputers,be menu ciriven,and have _uc_ of
the input data provided. However, since some individual users may have be_er
utility-specific information or :nay,wantto evaluate alternatives not provic_ed
with the basic COMRLEAT soft'ware,the system s_ould also be expandable and
flexible with a completely "open" data structure.

II. OVEraLL DESIGN PREMISES

number of premises have _uided the preparation of material for _his
discussion paper:

I. Modu.larit_-- The comprehensiveness required to analyze an integrated
resource plan and the likelihood such a plan would only be conducted
sporadically strongly suggests a ,nodularapproach to COMPLEAT's
constituent parts. "Modular" is used here to mean that SUCh parts can
be used as independent software tools.

Thus, each part should also be flexible enough to do detailed analysis
of an implementation program, after COMPLEAT is used in its entirety,
or Co analyze more limited problems. COMPLZAT could t_erefore be
viewed as a constellation of satellite software programs with linkages
sufficient to conduct an integrated plan.

The eight medules so identified as standalone capabilities in COMPLEAT
are:

e End-use simulations _nodule(may be as many as three separate
models)
Energy service ("load") forecasting module ie

e Supply mix module
v

e Production costing module
e Decision analysis or multi-attribute analysis Jnodule



e Community impacl:s modulee Ra1:e analysis module
e Financial analysis module

The choice of these modules and their relation to the COMPLEAT desi._n
are more Fully explained below.

A Final advantage to a modular approach to COMPLEAT's design is that
planning is a proce.ssthat can involve the interacCion of many groups.
By breaking this process into pieces internal discussion of results
and assur,lptionscan occur before the next piece is invoked. Chances
are that such internal interaction of staff will produce more valuable
insights and agreement on basic assumptions than a more automated
approach to the entire analysis might;produce.

2. End-use.lener_y serviceI Focus --_os1: .:xisting"integrated" models
are built arouncla procluctfoii'costing Focus. Demand-side or customer
(end-use) activities then act to incrementally improve the supply
picture. This supply bias is perhaps natural since the electric
utility industry is _norefamiliar wit_ that side of the equation. Bul;
the result is more an opti.,nizationto current biases than a true
integrated plan.

COMPLEAT, on the other hand, is proposed to be driven more by consumer
options and choices, wit_ supply constituted to be responsive to that
demand.

3. .CommunityFocus -- A dollar spent on power supply out:sideof the
community is wort_ less than a dollar spent within the community
because of dir:.ctand indirect employment effects. Yet _his
"discount" ,hasnever'been incorporated into an integrated resource
planning tool.

From a national perspective, it is not clear that each community
maxi.mizingits objectives would resul_ in a :naximumobjective for the
whole. But a community-level Focus is Qroposed because in public
power systems il;is the,communit_vtha_ is the unit of deci_ionmaKing.

4. Decision analysis/multi-attributeutility analysis Focus -- Consistent
w{_h the concep'tOf local control ancIself-det.:rmina_io'nis the idea
thaC each community may balance i_s different opportunities with a
unique set;of "Jtilities". ("Utility" is not _sed here in the sense
of an electric,or water utility but in the broader sense of desired
ful:ureoutcomes, aeights, or tradeoffs, as used in multi-a_l:ribute
utility theory.) Thus, some communities may choose to maximize local
control_ certainty, employment, or lower costs. COMPLEAT should _e
Flexible enough to reflect different desired outcomes.

The other a,_vantageof a MAUT approac,_is thaE it can help winnow down

the universe of options available to a community. If more pollutingtechnologies violate a community's desires, there is no reason to
waste _ime analyzing such options, For example.

The importance of decision analysis/mul_i-attribute ur_ility_..,.eoryma>,



be seen throughout the proposed design for COMPLEAT.

5. End-use simulations -- Related to #l and #3 above is the use .of
end-us'e"simula'tions.These simu-lationsare largely engineering
accounting models that reproduce physical events in the real world.
For example, one type of end-use simulation iscalculating the heat
loss/heat gain of a residential structure. This example calculation
would calculate t,emperature differences between the inside and outside
of a building to identify the energy that'must be provided internally
to maintain thermal comfort.

The importance of end-use simulation models to COMPLEAT is twofold.
First, they model real physical phenomena reasonaOly well and
therefore can be used independently for other purposes. Second, and
more importantly, end-use measures are not often additive and can not
be optimized synthetically. For example, better insulating a house
may allow a heat pump to be downsized, which could not be captured if
the t'_ooptions aere treated as independent options.

Unfortunately, because of the great variety in _cnduse options the
results oi:end-use si_nulationscan be combinatorily immense. This
combinatorial proolem poses one of the most cnallenging design
features proposed for COMPLEAT.

6. Provision for "..base..c.ase"optimization -- The term least cost
originated From writings o_?--R6ger'sant and his colleagues in the i
late-1970s, early-lg8os, Their approach was to look at whether
least-cost options applied to today's circumstances, if )'oucould snap
your fingers, aas a cheaper way of doing _usiness than current
practice. They found that it was, and used these results to point out
errors in current policies.

One of the reasons Sant's approach had so _uch impact was that they
were not dealing with an uncertain forecast of the futJre but
circumstances of today. Of course, current assets need to be
depreciated and cannot be ignored with a snap of tne Fingers.

But their results compelled looking at the assumptions guiding today's
circumstances. A similar capability is proposed for COMPLEAT.

7. Matrix orientation -- Simulating end-use and supply fs computationally
time consumi'ng. Rather tha(-_performing such calculations on an
incremental basis as each option is analyzed, COMPLEAT is proposed to
loop through a number of options in a ._ore-or-lessbatch mode,
reporting results out to a matrix. Since the range of options
possible to begin the analysis are bounded, this design approach
allows matrices that repert out results to be ,_anipulatedrather than
returning to square one to begin the whole analysis again°

Another advantage of a _atrix orientation is that the options to be
investigated can be characterized by many dimensions, For example, a
kilowatt saved on the demand side or a kilowatt generated on the
supply side can each be characterized according to energy, cost,
employment and poll._tion. Through a matrix combined with



multi-attribute utility approaches, all of the various options may be
screened to identify those deserving the more detailed analysis. Not
all options therefore need to be subjected to the same analytical
rigor, again saving computation time in sifting through the universe
of combinations.

8. Load duration curves -- The initial matching of demand and supply
options is proposed to occur through load duration curves. How these
might be generated on the demand side will be discussed at the
advisory meeting.

The major advantage of a load duration curve is that it can be an
output of an end-use simulation. Other integrated models use load
s._apes,which are themselves synthetic and of questionable
transferrability.

_ajor disadvantages occur with the use of load duration curves. The
first is the non-coincidence of demand and therefore the difficulty
(perhaps inability) to sum up an aggregate demand across all :.hduse
sectors. The second disadvantage is that peaks are ignored.

:_ethods(if any) to overcome these disadvantages require suDstantial
input From COMPLZAT's advisors.

O By this point you may be thoroughly confused. How 1:_esepremises might be
reconciled is dealt with in subsequent sections. The important point, though,
is that any design premise to be followed requires :radeoffs. Agreement on
COMRLEAT's premises is therefore an appropriate starting point For _e project's
advisors

III. DESCRIPTION OF PROGRAM FLOW

Figure I presents an overall schema For the proposed COMPLEAT design. End
uses drive demand, which are matched with supply, and then analyzed For impacts.
Each of these major components is embedded within a decision
analysis/multi-attributeutility context that helps narrow choices and set
criteria For ranking outcomes.

A first-cut step-by-step sequence For using COMPLEAT may be tentatively
identified as follows (different sequences would apply to running modules in the
standalone mode):

i. Describe current system in terms of end-use inventory and
characteristics.

2. Determine community's objectives.

O I. Describe current supply situation.
4. Determine forecast assumptions, if forecast is to be used.

5. Edit input data with respect to end-use and supply opI:ionsand their
characterist_its.



6. Select analysis mode: base case optimized; base case constrained;
forecast optimizea; forecast constrained; or combinations thereof.

7. Run end-use simulations.

8. Run supply mi, simulation.

g. Run production cost on selected supply mixes.

10. Run impact analyses.

11. Produce reports.

Because of COHPLEAT's unique perspectives, the software shoul d be desi gned
From a clean slate. But the standalone modules within COMPLY.ATshould utilize
tl_e knowledge in existing models, if not largely be re.,coded from existing
source code into COMPLEAT's standard language. Where entire existing programs
are not suitable,subroutines,procedures,data structuresand algorithms_ay be
able to be excisedand incorporated.The key point,however, is that the needs
of COMPLEAT'susers shoulddrive the design,not the fact that softwareexists
that may somewhatapproximaterequirements.

OMITTED HERE IS AN EXTENDED DISCUSSION OF

PROPOSED LOGIC FOR THE MODEL.



CONCLUSIONS

The issues to be dealt within COMPLEAT are real and

comprehensive. The first:step, however, is to find agreement on the
overall structural design and flow of the program. The hope is tI_at
this discussion paper helps further thai:end.

To summarize, the following appear to be the major unresolved
design considera_:ionsin COMPLEAT:

e Time horizon in years
Time-series capabilities (month,year or not)

e Consideration of pooled supply resources (joint-action agency
participants) (multi-area analysis)

e Treatment of transmission and wholesale power supplies
e Ir,clusion of load s_apes/profiles fo_ end-uses (in addition to load

duration curves)
e Scenario/batch capabilities
e. Integrationof munici,oalservices; wasteheat cascades
• Specific energy services to be considered
• Primacy of least-cost perspective: individual consumer, utility,

community
• Non-energy/cost parameters to be considered: environmental discharges

land use, water use, employment, etc,
• Consideration of interfuel competition, cross elasticities
• Consideration of demand-side management programmatic or implementation

costs

• Methods for hancilingcosts' marginal, net _resent value, life-cycle,
annualized, capital, budget, 0 & H

• Customer acceptance of DSM options; market penetrations
• Feedback and iteration capabilities: computer vs. "manual"

optimization
• How to handle diversity
• Combinatorial problems
• Execution time of the various modules and its impact on the n,umberof

combinations that can be handled
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Table i. Sample Listing of End Uses

Residential Sector

Space heating
Space cooling
Water heating
Cooking
Lighting
Miscellaneous

Con=nercialSector

Space heating
Space cooling
Ventilation
'_aterheating
Cooking
Refrigeration
Lighting

Q Miscellaneous

Industrial Sector

Space heating
Space cooling
Process steam
_Machine drive
Indirect heat
Direct heat

Other process heat
Electrolysis
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TO: APPA/DEEDCOMPLEATProjectAdvisors
r'

FROM: Mike Bergman

SUBJECT: PreliminaryReport from Sept. 30-Oct.1 AdvisorsMeeting
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A successfulmeeting of the COMPLEATprojectadvisorswas held at
APPA'sofficeson Sept. 30-Oct.i. The purposeof this memorandumis to
circulatequicklysome of the majorconclusionsand actionitems from that
meeting. A more detailedreportwill be circulatedat a laterdate.

Attendanceat the meeting is shown in AttachmentA. APPA staff
apologizefor the tardinessinthe last meetingnotification. Please
reservethe dates of November18-19and December14-15for the adv'_'sors'
ne'xtmeetinqin ,,walSh,in,gto,n,_D.C. Cho'iceof the''finalmeet'i'ngdate'wi'll
depend'o'nhow quicklythe project'snext tasks can be completed. If you
have difficultieswith eitherof these two dates,pleaselet Wanda Powell
at APPA (202/775-8300)know of your conflict.

Aftera day and one-halfof discussionreviewingcurr_ntintegrated
modelsand the "strawman" papercirculatedin advance,the advisorsin
attendancereachedthe followingdesignguidelinesfor the COMPLEAT
software:

I. The softwareshouldbe modular to allow flexibilityin the choice
of the analyticalmethodsemployedand to add valueto the overall
systemby allowingcertaincomponentsto run as standalone
capabilities. A list of these possiblestandalonecapabilitiesand
possiblepublicdomain softwareto meet them is shown in Attachment
B. You are askedto review,t,h,,e,lis,t,li..n,(jin Attachment,..B.suggest
p__ossibl'eaddit!ons,and2_b,tainthem for re,v,iewby our ne..x..t:,,'mee..t,.,i.n9.

2. The COMPLEATsystemmust be based on strongeconomicsmode.ls.,.

3. Risk and uncertaintyneedsto be included,stronglysuggestingthe
use of decisiontre.e,s'or _,ulti.object,.!Ve models.
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4. Environmental characteri.s,,.ti.csof supply and demand options are
important, but _should,beevaluated outside the scope of COMPLEAT.

5. Market penetration and saturation analysis is important as an
intermediate functi'onin COMPLEAT but does not warrant a standalone
capability.

6. COMPLEAT needs to provide for flexibility in,.thebott.om_line
reports_that are provided.

7. The model should provide for both screeninq and detailed analysis.

B, End-use simulations (physical models) should be included as

standal"onecapabil!ties. However, the user shoui"d""alsobe--ableto
Choose load'shape Inputs or the use of rule-of-thumb"
alternatives.

g, A transaction evaluator of power purchases is very.important and
shoul'db'eadded......

J

lO. Both load duration and chronological .productioncosting models
shouldbe provided.

ll. A closed loop analysis (rates af?ect demand, which.affects rates
and s(}"Fo'rth_:is desired for the most promising supply/demand
combinations.

12. Resource requirements of the options and combinations should be
tracked but only carried through in an accounting manner°

13, Co.mmunityemployment effects of various options and combinations
are prone to error, incompleteness and argument and therefore
should be excluded.

The major tasks before the next advisory meeting are to"

$ Revise the project discussion paper to reflect the conclusions above
and other results from the last meeting.

e Assemble and review as many of the candidate models as can be
obtained (see Attachment B).

The next project meeting will involve a workshop on candidate models,
?rom which the finalists will be selected, and final review of the overall
COMPLEAT design. After this two-day meeting, the more detailed technical
specification phase then software coding may be begun.

The revised discussion paper on the COMPLEAT software design will be
circulated by early November. Please contact me as soon as possible if you
have other candidate models.

I hope to see you either November IB-19 or December 14-15 in
Washington, D.C.

Attachments
MKB/klt
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Beth Astroth Austin TX
Hung - Po Chao EPRI
Terry Bundy LincolnElectricSystem
Dave Christiano Springfield,MO
HarryMisuriello W.S. Fleming& Associates
Ron Fiske Riverside,CA .
FrankWhitney SMPPA
GeorgeJuras Mindware
Bob Mauro TechnologyTransition Corp.
Mike Bergman APPA
Dan Lewis APPA



ATTACHMENTB

CANDIDATEMODELS FOR INCLUSIONINCOMPLEAT

e, Decisiontree -- MIDAS, TCM, Oetgen

e Financial-- MIDAS,FPLAN,LESinhouse,Energy2020,_)ver/Under

e Rates --COSER, LMSTM,Energy2020,MIDAS

m Residentialend use -- ASEAM

• Commercialend use -- ASEAM

• Industrialend use-- ISTUM,LBL

• Productioncosting(loadduration)-- PROFIT,CERES,WASP, MIDAS,
Powersym,Progen,PECOS

• Productioncosting (chronological)-- Powersym,LMSTM,Polaris,
Benchmark,Prodcost

• Transactionevaluator-- ECC, TVA

• Load Forecasting-- LFOR



ATTACHMENT B.

o Discussion Paper No. 2
(12--7-87)

o Review of Existing Models

o Report of second advisors meeting
(12-14-87)



12/7/87
COMPLEAT Project

DISCUSSION PAPER No. 2

I. BACKGROUND

This discussion paper summarizesdocumentationto date on APPA's
COMRLEAT (Community-OrientedModel for Planning Least-Cost Energy
Alternativesand Technologies) project, proposes a revised general schema
for the software,and discusses its major design components.

Documentationto date on the COMPLEAT project consists of:

• TechnicalProposal(Vol. 2 submittedto DOE);
• Discussion Paper No. i ; and

• Results of the September 30-Oct•ber I, 1987 advisors meeting.

Please contact Mike Bergman at APPA (202/775-8300)if you need copies of
these documents.

Since the last advisors' meeting, APPA staff and Mindware have been: I)
collecting existing software codes; 2) interviewingdevelopers from EPRI,
DOE, HUD, national laboratoriesand other groups with respect to design
issues; and 3) conducting literature searches and gathering information.

II. OVERVIEW OF REVISED DESIGN

The COMPLEAT project has set for itself an ambitious, and perhaps
conflicting,set of requirements. These objectives includethe software to
be:

• Comprehensive
• Easy to use and flexible
• Modular

• Applicable to a range of users in terms of size and sophistication
• State-of-artsophisticationin some areas (esp. production costing)
• Able to handle uncertainty and risk
• Capable for "closed loop" analysis
e Able to incorporatemultiple objectives and perspectives
• Defensible analytically
• Computionallyunderstandable
• Etc.

The combination of these requirementsseemingly presents a set of
unreconcilabletrade-offs in scope, data requirementsand computational
complexity for COMPLEAT. Hajor questionshave been raised as to whether a
personal computer can handle this complexity,whether public domain codes
can be found to address COI4PLEAT'sscope, how the component pieces can be
linked togetl_eror integrated, and, if they can, whether the data input
would be so onerous as to prevent the model's use.

These questions (aside from access to existing free codes, which seems
to be solvable)have been Faced by other recent projects in software



development• While the various approaches taken in these projects have not.
yet been combined in a single project (let alone one in least-cost,or
integrated,utility planning), the projects offer guidance to the apparent
dilemmas in COMPLEAT'sd_sign. These approachesmay be described as

- "response"or aggregate models,multi objective or tree-orientedmodels,
and "quick-screen"or default models. COMPLEAT is proposed to include
Features from all three approaches.

A. Mul.ti-Ob_ective.Or Tree-OrientedModels

Multi-attribute utility theory, multi-objectiveanalysis, decision
analysis and so-calledexpert systems share similar "tree-oriented"
conceptual underpinnings. The primary distinctionsbetween these
methodologies is whether a complex desired ("weighted")outcome, an
analysis of probabilitiesor uncertainties,or evaluationof decision rules
using Boolean logic, is desired.

The MIDAS (Multi-ObjectiveIntegratedDecision Analysis System for
Integrated Planning) from EPRI (RP2801) combines simulation models with an
umbrella decision analysis system. The model calculates expected values
and risk profiles for multiple scenarios. Each endpoint of the tree
represents a single scenario -- a specific combination of decision and
chance event outcomes -- for which the simulationsystem is run.

The basic frameworkof MIDAS, while not currently designed as such, or
similar tree-orientedtools, would allow the ranking of alternatives
characterized by more attributes than cost and uncertainty. For example,
environmental performance,degree of local control and employment could be
similarly characterized.

The great flexibilityand explicit treatmentof many attributes,
includingrisk and uncertainty,of tree-orientedmethodologies provides a
powerful organizing framework for evaluating numerous and complex
alternatives. A tree-orientedumbrella is central to COMPLEAT's proposed
design.

B. "ResPonSe" or Aggregate Models

"Response" models are simplified relationshipsamong inputs and outputs
developed from more sophisticated detailed models and tools currently in

• "IntegratedFuelsuse The term was coined in an EPRI conceptual study,
and Investment Planning" (RP2372). That study explicitly addressed
integrated planning within four independentaspects of the planning
problem:

e uncertainty
e functional integration
$ multiple decision criteria
e dynamics of decisionmaking

This approach might also be termed an "aggregate"model in that it
manipulates the results of more detailed methodologies rather than the
methodologies themselves.



The basic premise of the EPRI study was that simplified risk analysis

0 of outcomes from detailed models provides a frameworkfor decisionmakersto
evaluate a broad range of alternatives,that analysts can continue to
refine outputs from detailed models in an iterative process, and that risk
analysis preserves a practicalbalance of functional integrationby
displaying the effects of uncertaintyacross multiple criteria for
decisionsthat evolve over time.

These premises are a mouthful. And no actual software resulted from
this conceptual study. But the idea that existing models can be integrated
in a manner useful to making decisions -- rather than building new and more
complex software -- is also a concept central to COMPLEAT's proposed
design.

C. "Quick-Screen"or Default Modelsi

Complex models are often highly desirable because of their ability to
more closely approximate real-worldconditions. Yet generallythese models
impose subs'_antial(and costly) requirementsfor data.

Preserving the capability for more complex and sophisticatedanalysis
while allowing simple screeninganalysis has been attempted in two recent
models: ASEAM and CQIM. ASEAM (A Simplified Energy Analysis Method) has
been developed by W.S. Fleming and Associates for DOE to calculate the
energy consumption of residentialand simple commercial buildings. CQIM
(Coal Quality Impacts Model) is a yet-to-be published EPRI model.

Both models employ the use of default values for many of the more
hard-to-obtaindata inputs. Simplified data inputs can then be used to run
the models in a screeningmode.

The benefit of such models is that as sophisticationgrows or more data
become available the user has a growth path for more refined simulations.
The major drawback is that in the simplified data input mode the
computationaltime is the same as a comprehensivesimulation.

This "quick-screen"or default approach appears to be a way to meet
COMPLEAT's competing objectives for ease-of-useand sophistication. The
use of this approach, however, will place greater demands on the project in
the development of default data.

III. MAJOR DESIGN COMPONENTS

The revised overall schema for COMPLEAT is shown in Figure I. A
multiple-objectiveumbrella resides over the entire model, allowing
evaluationsof risks, uncertainties and multiple perspectives. The user
has a choice of beginning the supply and demand analyses with either
detailed simulationsor a "quick screening" analysis. Outputs from these
analysis that treats finances, rates and price feedbacks. Outputs from the
closed-loop analysis goes to a reportingmodule for both tabular and
graphics reports.

Each of these major components is described below.



A. Multi-ObjectiveAnalysism

This component correspondsto the description in Section II above.
Alternativeswill be characterized accordi,,_gto a number of dimensions, or
attributes,as well as measures of risk and uncertainty. Attributes were
more fully described in Discussion Paper No. i, but incluueenergy
requirements,costs, environmental performance,direct employment,degree
of local control, or others to be specifiedby the advisors.

The functionsof the multi-objectiveanalysis will be to" I) restrict
the number of options (scenarios)to be investigatedin subsequent steps;
and 2) provide a framework for characterizingthe options from multiple
perspectives.

B. Simulations

A number of standalone simulationswill be provided in COMPLEAT:

• End-Uses
-- residential
-- commercial
-- industrial

• Community energy systems (cogeneration/districtheating and cooling)
e Production costing
• Power purchase evaluation

QThe outputs from each of these simulationswill be characterizedalong
similar dimensions, or attributes. A general schematic for these
simulations is offered infigure 2.

These simulationswould be run in a batch mode, either parametrically
or through the factorial combination of input options. Each individual run
would be reported to an output matrix (see Discussion Paper No• I). These
would be reported out _s a tabular matrix or function by attribute.

Existing software can provide the analytic requirementsfor these
simulations. The major design issues for this part of COMPLEAT are in
characterizationof options, linkages and output matrix.

C. "Quick-Screen"Analysis

This pathway for providing inputs to the closed-loop analysis (see
below) can either be met through the use of default data for most of the
variables in the simulations above or in separate and more simplified
analysis. With respect to the latter, a number of comprehensive
community-levelscreening tools were developed in the late 1970s, early
1980s. These should be investigatedfor suitability.

D. Closed-Lo•P Analysis

The closed-loop analysis would use as inputs the results from the
simulations or the "quick-screen"analysis. The multi-objective analysis
could be used to filter down these results to restrict the number of



closed'loop runs.

The closed-loop analys_s is a systems dynamic mode] that integrates all
components,of the energy system -- the .economy, demand, supply and
regulation -- and their cause-and-effect relationships. Such models
emphasize the dynamic processes, feedback mechanisms, time delays and_
non-linear relationships characteristic of energy use. The impact of
energy prices on demandand than on subsequent energy prices, for example,
is expl icitly considered.

E. Resu1ts

Graphic and tabular, results, should be reported, Besidesthe "best"
outcome according to the multi-attribute utility function, each of the
"pure" attributes should ,be reported to show the t:-ade-offs inherent in
pursuing one strategy as opposed to another,, An example of such an output
is shown as Figure 13 in the enclosed paper from Seattle (Wash,) City Light
on their own integrated planningprocess.

V. NEAR-TERMTASKS

A number of tasks are necessary in the near-term. Hopefully, many of
these can be addressed at our December 14-15 meeting:

1, Settle on the overall conceptual framework for COMPLEAT;
2. Select the component models to be included .in COHPLEAT;

3. Refine the list of desired outputs from the COMPLEAT model;4. Identify demand-sideand supply-sideoptions to be included in the
analysis;

5, Review input requirements;
6, Assign data gathering responsibilities;and
7. Establishmanagement plan for project completion.
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Review of Existing Integrated Utility Planning Models

by
4

George E. Juras

COMPLEAT Advisors Meeting

American Public Power Association
Washington, DC

September 30 - October 1, 1987



FRAMEWORK FOR LEAST-COST COMMUNITY/UTILITY PLANNING

_ [ COMMUNITY/ECONOMY 1

Goals

• Demographics
• Economic Growth

I
T '

[ LOAD FORECASTING I-_

• Energy, Peak Demand

• Load Sha_e
Y

i

I
Y T

i

e Demand-Side Options • Supply-Side Options
• Load Shape Impacts • Generation Plan
• Utility Objectives • Production Cost

StOmer Acceptance • Reliability Evaluation
st/Benefit Evaluation

• Uncertainty Analysis
,e Risk Assessment

• Decision Analysis

I
Y

I " I,FINANCIAL PLANNING AND RATE DESIGN

" ' • Energy Prices
• Financial Integrity

I
T

[ INTEGRATED RESOURCE PLAN l

• Least Cost Plan

• What-If Analysis
I
¥

I PLAN SELECTION AND IMPLEMENTATION I.



I

_NTEGRATED UTILITY PLANNING MODEL_

_ Description

I. MIDAS EPRI- __;_ Multiobjective IntegratedDecislon Analysis Model
f

2. LMSTM EPRI I_ad Management Strategy
Testing Model

3. ENERGY 2020 G. Backus Integrated Energy Policy
J. Amlin Analysis Model

4. CPAM DOE, BPA Conservation Policy Analysis
A. Ford, USC Models

5. UPLAN Lotus Group The Electrlc Utility Planning
System

6. PROSCREEN EMA Inc. Electric Utility Planning
System



OTHER RESOURCE MODE_S/DATABASE_

Model Author Desc_iptio_

i. CEM DOE, WAPA, Community Energy Manager
Nebraska

Energy Office,
Skip Laitner

2. PROF City of Austin Production Optimization Fast
E. G. Preston

3. RES EPA, M. Bergman Residential Energy Simulation
Model

4. PEAR LBL Program for Energy Analysis of
Residences

5. DHC Brookhaven District Heating Model

6. POWERMANAGER APPA, Mindware Library of Planning Models

- LFOR Load Forecasting Methods
- COSER Cost of Service and Rate

Design
-FPLAN FinancialPlanningModel
-RDSM Residential Demand-Side

Management
- DSPE Demand-Side Program Evaluator

7. HELM EPRI, ICF Inc. Hourly Electric Load Model

8. COMMEND EPRI, Commercial End Use Model
Criterion Inc.

9. DETGEN EPRI, Mindware Decision Tree Generator

I0. TCM EPRI Technology Choice Model

Ii. _EAM DOE Commercial Building
Consumption/Conservation

12. Lawrence Conservation Cost Effectiveness
Berkeley Lab. Curves

13. EPRI Residentiai Load Shapes
Commercial Load Shapes
Industrial Load Shapes



(EnclosureB),

January Z8, 1988

MEMORANDUM

TO: COMPLEAT Project Advisory Group

FReq: _,iike Bergman

SUBJECT: Summary of December 14=15, 1987 Meeting and ProjectUpdate

i - _ ........... , ...... ,, , ........ _ ,m - ........ - ......

This memorandum provides _ brief summary of the COMPLEAT advisor's
meeting on December 14-15, 1987, in Washington,D.C., updates project
activities since that time, and lists upcoming activities. The memorandum
is organized accordingto: last advisorymeeting; contacts; Energy 2020
activities;other recent activities; and upcoming activities. The
memorandum is accompaniedby four enclosures.

A. Last Advisory Meeting

The last advisor'smeeting was held December 14-15. In attendance
were: John Andrews, Brookhaven National Lab; Karen Anderson,APPA; Mike
Bergman, APPA; Terry Bundy, Lincoln (Neb.) Electric System; Hui_gPo Chao,
Electric Power Research Institute; Dave Christiano,Springfield,MO;
Clarence Council, Western Area Power Administration;Ron Fiske, Riverside,
Cal.; George Juras, Mindware; Tom Kabat, Palo Alto, Cal; Dan Lewis, APPA;
Harry Misuriello, W.S. Fleming and Assoc.; and Jerry Steffens, Southern
14innesota Municipal Power Agency.

The first day of the meeting was devoted to a demonstrationof
candidate models. A description oF the models reviewed is provided in
Enclosure A.

The second day oF the meeting was devoted to another discussion of the
COMPLEAT software design. This discussionwas assisted by the _naterial
circulated in advance by M. Bergman, and a handout prepared by G. Juras.
The hando,jtis provided as Enclosure B.

The focus of the discussionscentered on the questions that have
repeatedly come up in the advisor's discussions: simplicity vs.
sophistication;modularity vs. integration;demand vs. supply focus;
workstation vs. "core model" approach; availabilityof source code; and
target audience.



Page Two

The results of these discussions were to look at COMPLEATas having a
number of posstble "levels" of use, with a core model as the simplest
level. A simple to use system wtth a core model, supported by a modular
design that allowed different levels of sophistication, emerged as the
consensus view.

Enclosure C attempts to summarize these design considerations. Though
Enclosure C has been written to communicate with others outside the
advisory group who inquire about COHPLEAT,Jt represents APPAstaff's
current understanding of the consensus from the Oec. 14-15 meeting and
minor revisions based on ongoing discussions with other contacts.

Note that the schematic attached to Enclosure C is sltghtly different
than the one used at the Dec, 14-15 discussions. Also note that both a
workstation and core model approach have been retained in the design.

Other results from the Dec. 14-15 meeting were to continue to
investigate Energy 2020 as the core COHPLEATmodel; retain a HZDAS-like
decision-tree structure; acqul re additional candidate models (see below);
and focus development on the closed-loop portions of the analystso

B. Contacts
ii i

APPA staff are fteldtng an increasing number of calls regarding
COHPLEATas word of the project continues to circulate. In addition, APPA
and 14indware are contacting key irldlvtduals who can provide guidance as we
:lose out the design phase of the project.

Key contacts since the Dec. 14-15 meeting tnclude:

o HUD staff --Qlyndham Clark, Bob Groberg and Bernard Hannheim of
HUD's Community Energy Systems division met with G. Juras and M.
Bergman. HUDis very interested in our approach and may send an
advisor to future meetings.

o Dr. George Backus -- Dr. Backus, author of Energy 2020, has been in
contact with H1ndware and APPAconcerning using his model as the
core to COHPLEAT(see be]ew).

o Dr. Alan Meier -- Dr.._leier of Lawrence Berkeley Labs was one of the
first to develop the concept o? "conservation supply curves" as a
type of response :node1. Or. Meier has agreed to furnish supply
curve data and LBL's methodology for constructingsame. LBL ha:
been talking with Palo Alto about a joint project to develop
,nunicipal-type curves. LBL is interested in supporting COMPLEAT in
whatever manner possible.
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o Dr. Andrew Ford -- Dr. Ford of the University Of Southern California
(formerlyof Los Alamos National Lab) has worked with the Bonneville
Power Administrationand the state of California on integrated
plannlng models using conservationsupply curves. His model, CPAM
(ConservationPolicy Analysis Models), bears alot of resemblanceto
COMPLEAT's proposed design. A generaloverview of CPAM and these
supply curves is offered in EnclosureD. Or. Ford has also
expressed hls wi111ngnessto work with our project.

C. Energy 2020 Actl.vities

G. Juras and 14,Bergman will be visiting George Backus in Minneapolis
on Feb. 23-24 to discuss the model's adaptation to COMPLEAT's requirements.
The five specific areas to be addressed in this me¢,tingare:

I. Linking Energy 2020 to a decision tree.

2. Linking Energy 2020 to support models via functions.

3. Replacing Energy 2020's current capacity expansion methodology with
one based on either cumulants or mixtures of normals approximation
(MONA) methodologies;plus ways to toggle Energy 2020 on or off to
accept an hourly-basedproduction costing methodology.

4. Improvementsto Energy 2020's financlalmethods for municipal
requirements,

5. Investigationof the Hypersens (LatinHypercube sampling) and
calibration (log control) methodologiesused in Energy 2020 and
their possible relevanceto COMPLEAT.

APPA now has source code and listings for Energy 2020. Please contact
M. Bergman if you would like to see a copy of them.

O. Other Recent Activities
"- - - i- - _ m |

I. Riverside plans to submit a DEED grant proposal for a purchased
power transaction evaluator. This model will be able to run in a
standalone _nodeor as an enhancement to COMPLEAT.

2. The Nebraska Public Power District has agreed to release their PP_P
production costing model for review. Many thanks to Jerry Steffen
For securing its release.

3. Gene Preston of Austin has agreed to review the production costing
;nethodologyin Energy 2020. Source code and supplementarymaterial
on r,IONAhave been sent to him for review.
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4. Given the 3evel of interest by outside groups in COMPLEAT,a
separate contact list is being developed to disseminateproject
information. Any suggested names to add to this list are welcomed.

E. Upco.m.i:nqActivitie.s.

I. Meeting with G. Backus in Minneapolis on Feb. 23-24.

2. Presentationon COMPLEAT to be given at APPA's Engineering and
Operations Workshop in New Orleans in mid-March.

3. The next issue (Winter) of the DEED Digest will feature an article
on COMPLEAT.

4. Final technical specificationsto begin coding and software
translationfor COMPLEAT is now targeted for May 15.

5. Indeterminatedate for next advisors'meeting.

Enclosures



ATTACHMENT C.

o Report of Advisors Meeting
(5-3-88)

o Report of Advisors Meeting
(7-27-88)
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COMPLEATAdvisory Meeting
May, 3 - 4, 1988

San Francisco Htlton Airport

M. Bergman from APrA called themeeting to order at 8:30 am on May 3,
1988. Twenty COMPLEATproject advisors and contractors were in attendance,
reproduced in Attachment A.

M. Bergman summarized project events since the last meeting, including
a report on the NARUCLeast - Cost Planning Workshop held in Aspen, CO, the
prey ious month.

He then presented the staffs' proposed design for the COMPLEAT
project, including the recommendations to use the Energy 2020 model from
Po] icy Assessment Corporation as the "core ,_odel" to COMPLEATsupplemented
by the generic decision-tree generator from Mindware Corp. The major
features of the proposed design that were covered included the closed-loop
"core" model, use of "response" curves or "reduced form" modeling, the
inclusionof a library of "policy templates," use of decision trees and
multiple-objective criteria, and ways to handle uncertainty. M. Bergman's
viewgraphs are reproduced as Attachment B.

To set the stage for discussion of the proposed design, R. Belval of
Palo Alto presented a case study of the planning questions that Palo Alto
is facing. Relationships between the City and the Northern California
Power Agency were a particular area requiring analysis. T. Kabat then
overviewed how Palo Alto presently conducts its integrated resource
planning.

Since Energy 2020 was being proposed as the key component in COMPLEAT,
G. Backus from Policy Assessment Corp., the developer of the model,
presented a more detailed overview. He addressed the model's history,
methodology, calibration, results, and ability to be modified.

After lunch Alan Meier from Lawrence Berkeley Lab presented LBL's
software under development to create conservation-supplycurves, o
(Conservationsupply curves have been one of the means identified in
COMPLEAT to screen the large number of demand-side alternatives available.)
lt is LBL's intent to produce outputs from this ARCH software suitable for
direct incorporation into COMPLEAT.

The remaining part of the afternoon was spent by the advisors
addressing questions to the developers regarding methodology and
applicability. In addition, M. Bergman submitted questionnaires to the
advisors regarding their priorities for policies to be incorporated in
COMPLEAT and for the remaining tasks to be completed. The results of these
questionnaires are shown in Attachments C and D. The meeting adjourned at
5:15 pm.

M. Bergman called the meeting to order at 8:30 am on May 4. The first



of the morning was devoted to anopen discussion of Impressions regarding
Energy 20.20, the proposed design for COMPLEATand priority questlon facing
each advisors' organization, Someof the key. commentswere:

-- Don't currently have an Integrated, planning tool; focus to date
has been on classical supply-side alternatives. Production
costing approach in E2020 looks totally inadequate; major area of
concern. (D, Chrtstiano)

-- Agencycurrently bills .on non-coincident peak; wonders how E2020
could handle that, Agencymembershave more demand-side concerns
than the agency itself; also concerns in building retrofits and
economic development. Feels we have to move ahead and E2020
appears tO be the ,'only gamein town," An hourly production
costtng model on a PCmay be too slow, Demandmodule needs to be
gtven emphasis, (G, Steffens),

-= The integration of demand-side and supply-side analysis is
critical, Desire to be able to handle rebat,e programs and
incentives, Want to be able to model competition from natural
gas,, Has not yet seen enoughdetail about E2020; has some
initial, basic concerns about the model. (T. Bundy)

-- Not terribly concerned about "academic" approach in E2020;.1 ikes
the broader-perspective and "people-oriented" process in the
model, Product ion cost ing and how well lt is handled is the guts
of E2020; wants to see more detail. Desire to be able to analyze
gas and water utility planning in addition to electric, especially

as peak shifting and consumptive water use rs, hydro generation,R, Belval and T. Kabat).

--Wants to see an emphasis on demand-side managementand links to
reliability. Usefulness to smaller utilities is major concern.
Impressed by advisory group and wants to be able to support the
long-tem development of COMPLEAT.(G. Nelson),

-- Areas of concern include resource divers ity and acquis it ions ;
Ability to model control of load in Novemberwill affect peak and
demandratchet, Wants to understand how E2020 works, especially
its usability by a medium-sized utility, (S. Spettel),

-- Already are doing "least-cost" planning. Nowwant to be able to
simpltfy work, Overall dream is to develop full-blown West Coast
general equilibrium model to look at interrelationships with other
utilities, Wants to put in time and effort now and push for a
July alpha test (with contingencies), (T, Coates).

-= Concernedthat E2020 is "too good" and with its linkage to
POWRTRAN,Production costing methodologies used in the model
should be a major area of emphasis. Interested in all of the
aspects of integrated planning tools; "ecstatic" about the
possibilities of E2020. Need to get in touch with people who now
use E2020 and find out what they like/don't like about the model,
its strengths and weaknesses. (A, Abu-Shabakeh)



-- Utility is currently going through an evolution in what its future
directions will be; tough decisions to make. What's valuable is a
tool that is understandable and defensible to management. Bottom
line of a11 such models is financial. We need to have confidence
in tool before we can use it. Areas of supply, rates and
financial need to be reviewed. (R. Fiske).

-- How does electric utility fit into the city? The politlcal and
people aspects need somehow to be incorporated; don't have an
"objective" method for integratingand testing policies in this
context. Ultimate concern is maintaining cost balance with IOUs.
Wants to see howE2020 can address these concerns. (F. Fletcher).

-- The importance of demand'side management is not going to go away.
COMPLEAT project has the potential for alot of credibility. E2020
has the capability to be transparent and to explain why results
are as they are; "cloud of words" with other modeling approaches.
Gut feeling is that it is time to move ahead. (J. Andrews),

--EPRI's MIDAS model is not likely available to the COMPLEAT
project, especially in source code. Two questions are still up in
the air with respect to E2020: l) its application and validity
to a "typical" public power system; and 2) whether fundamental
changes can be made to the model to adapt it to the public power
con%ext while still maintaining its integrity. The software needs
to be looked at its entirety and how the other pieces proposed for
COMPLEAT fit into E2020. (P. Gupta)

Three common concerns emerged with respect to the use of Energy 2020 as
COMPLEAT's "core" model:

i. The need for better familiarity with the model;

2. Exploration of alternative production costing and generation
expansion methods than those presently in E2020; and

3. Improvements in the user interface and data base management
capabilitles currently in E2020.

As a result of these discussions, a number of decisions and action
items were reached by the COMPLEAT advisory group.

First, a final decision to utilize E2020 as the core model to COMPLEAT
was deferred. Two interim steps were agreed to instead:

1. Task forces were established to talk with current users of
E2020 and to report back on their findings by the next
advisor'smeeting. These groups are:

Kelly Harrison, Kansas Gas &Electric: D. Christiano (lead),
T. Bundy, F. Fletcher



Kathy Llpp_ Wisconsin Power & Light: G. Steffen (lead),
A. Abu-Shabeke'h,:T, BUndY,"F. Fletcher

Joh,,nDavu.lis,Central Maine P,ower: G. Juras

Mac Jourabachi, Massac,hus,ettsEx,e.cu,tiy.e.Of,ficeqf Energy
Res,,ources:M. Bergman

Val ,jensen,Illinois Dept. of ,,Energyand Natural Resources:
M. Bergman

2. A number of the advisory utilities will "pre-alpha" test the
software and report back by the next meeting. These utilities
are Seattle City Light, Palo Alto and WAPA. SMMPA, LES and
Riverside also expressed interest and may be able to report.
(See further Enclosure D.)

Second, M. Bergman agreed to continue to obtain source material on
alternative production costing methods.

And, third, Mindware Corp. would begin a first cut on a revised user
interface for E2020. At the top-level, this effort would include
"pull-down" menus and templates for data entry. At the next level, this
effort would allow the default data inputs to be replaced with
utility-specific data. At the most detailed level, this would allow the
rate coefficients that affect the default case to be changed. Mindware
will supply this first-cut draft for circulation to the advisors at least
two weeks prior to the next advisory meeting.

As a final directive, M. Bergman agreed to summarize the meeting
minutes and send out the E2020 diskettes and manual to all advisors.

The meeting adjourned at 11:45 am.

Attachments
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Attachment A
,l II

ATTENDANCE LIST

MAY 3 - 4, 1988 COMPLEAT ADVISORY _ETING

ABU-SHABAKEH, Antoine _Cityof Riverside, CA

ANDREWS, John Brookhaven National Laboratory, Upton, NY

BACKUS, George Policy Assessment Corporation, St. Paul, MN

BELVAL, Ron City of Palo Alto, CA '

BERGMAN, Mike American Public Power Association, Washington, DC

BUNDY, Terry Lincoln electric.System, NE

CHRISTIANO, David City of Springfield, MO

COATES, Ted Seattle City Light, WA

DUCKWORTH, Charlie Salt River Project, Phoenix, AZ

FISKE, Ron City of Riverside, CA

FLETCHER, Fred City of Burbank CA Public Service Department

GUPTA, Pradeep Electric Power Research Institute, Palo Alto, CA

HABASHI, Tom City of Palo Alto, CA

JURAS, George Mindware Corporation, Columbus, OH

KABAT, Tom City of Palo Alto, CA

MACE, Michael W. Northern California Power Agency Roseville, CA °

MEIER, Alan Lawrence Berkeley Laboratory, Livermore, CA

_LSON, Guy Western Area Power Administration, Sacramento, CA

SPETTEL, Scott Eugene, OR Water and Electric Board

STEFFENS, Gerry Southern Minnesota Municipal Power Agency,
Rochester, MN



Attachment D

PRIORITY TASKS FOR COMPLEAT

(in order of priority)

I. Generalize data inputs
2. Define library of policy "templates"
3. Add purchase power method .improvements
4. Generalize and code multi,attribute utility,functions, Hypersens,

decision trees
5. Add new dispatch.order code
6. Change user interface
7. Add cumulants production costing code
8. Add more interactive supply forecast option
g.. Add archiving capability for data files
10. Add and code state-level data
11. Add !_brary of conservation supply curve data bases.
12. Explicitly address utility/pool interrelationships
13. Refine output reports
14. Add linkage to hourly production costing methodology
15. Generalize time horizon in model

16. Add outlier procedure during model calibration
17. Review information base for efficiency curves currently in model
18. Add thermal end use to residential and commercial sectors
Ig. Add MONA production costing code
20. Add heat pumps to.residential and commercial end uses
21. Get county-level data in ASCII i_orm
22. Add copy procedure for model data files
23. Code building retrofit requirements
24. Add post-processingcapabilities to multi-attributeutility functions



MEETING MINUTES
COMPLEATAdvisoryMeeting
Minneapolis, Minnesota

July 27-28,1988

D. Lewisof APPA calledthe meetingto orderat 2 p.m. on JUly 27.
Nineteenadvisorsand guestswere in attendance,as listedin AttachmentAL
The meetingagendais reproducedin AttachmentB.

After welcomeand introductions,M. Bergmanof APPA summarizedproject
eventssincethe last advisorymeetingand reviewedthe agenda. Key events
coveredwere the effortsin supportof pre-alphatestingof the Energy2020
software,specificationsand initialimplementationof a reviseduser
interfacefor Energy2020,and effortsin findingimprovedproduction
costingmethodsfor possibleincorporationin the model. With respectto
the latter,he notedthe awardingby DEED of two $3,000EnergyServices
Scholarshipsto WilliamSmithand XiaomingFengof Ohio Universityto
investigateproductioncostingmethodssuitablefor smallerutilities(see
below).

Sincetherewere a few new advisorsat the meeting,the agendawas
modifiedto allowDr. G. Backusof PolicyAssessmentCorp.to providea
briefoverviewof the Energy2020 model.

t

Reportswere then presentedby the pre-alphatest .siteson their
experienceswith Energy2020. Theseutilitieswere: Palo A1t.o,Califl
SouthernMinnesotaMunlcipalPowerAgency,Rochester,Minn.I Lincoln(Neb.)
ElectricSystemland Seattle(Wash.)City Light(notin attendance--written
reportsubmitted).

Unfortunately,due to some softwareproblemsand other
incompatibilities,none of the test utilitieswas able to test and
calibratethe modelwith theirutility-speciflcdata. Levelsof effort
rangedfrom a few person-daysto four or five person-weeks.Despitethe
lackof a full test,a few tentativeconclusionsemerged:

o Confidencein the Energy2020 m_delwill only occurwhen validated
by at leastone (andpreferablymore)publicpowersystems:

e To avoidfrustrations,conformedsoftware,an improveduser
interface,and a true usersmanual(nottechnicaldocumentation)
wi11 be neededbeforefu11-scaletesting;

e The model in its currentform is overlycomplex,thoughperhapsa
reviseduser interface(seebelow)couldaddressmany of these
problems;and

e Energy2020 is a completeand comprehensiveenergymodelthat "may

proveto be an invaluabletool that couldlead to more accurateplanning,givenits abilityto addressand integrateso many of the
componentsinvolvedin utilityplanning."

Two of the wrlttenreportsthat were submittedare offeredas AttachmentC.

................,......................................_".........................



The secondpart of the advisorygroup'srevieweffortinvolved
contactingcurrentusersof Energy2020 to probetheiruse and impressions
with the model. Key usersso contactedwere KansasGas & Electric,
WisconsinPower& Light,CentralMainePower,IllinoisDept.of Energyand
NaturalResources,and the MassachusettsExecutiveOfficeof Energy
Resources. A numberof additionaluserswere contactedby SMMPA,but, due
to theirlimitedcurrentuse with the model,their commentsare not
incIuded below.

Some of the currentapplicationstheseusersare analyzingwith the
modelinclude"

• Least-costutilityplanning;

• Specialratesdevelopment;

• Phase-inof a high cost nuclearplant;

• Load forecasting;

• Increasedbulk powerimports;

• Load management;

• Conservation,includingappliancestandards,time.of-userates,
measuringconservationpotentials,commercialbuildingcodes;

• Impactof oll importfees;and

• The need for new gas pipelines.

The modelhas been used in adversarialproceedingsin at leasttwo states.
Illinoisis using it to modelthe stateas a wholeand individuallythe
four investor-ownedutilitiesthat servethe state. WP&L is considering
seekingthe state PUC'sapprovalof Energy2020.

The strongestfeaturesin the modelas citedby currentusersare its:

• Uniqueness--noother modelmatchesits capabilitiesfor strategic
p1annI ng;

• System dynamics approach with explicit treatment of price feedback
.and a "closed loop':

• Strength as a flexible and comprehensive tool to test policies;

• Abilityto captureinterrelationshipsof the utilitywith its
surroundingeconomy;

• Causalnature,whichenhancesinsightand the abilityto "think
strategically';

• Sometimescounter-lntuitiveresults,againleadingto insight;and

e Modifiabilitydue to accessof sourcecode and supportfromG.
¢MiJ-- _ i....

D¢I_;KU5.



Users'notedgood conformanceof results(within10 percent)with their
more detailedindividualmodels. The treatmentof productioncostingwas
felt to be "acceptable."

In termsof negativeaspectsor improvementsto Energy2020,thesewere
theMst commonlycited:

e As presented,the model is"too complex"and requiresa substantial
staffinvestmentbeforeit can be used effectively;

• User documentationis lacking;

• Modelingof conservationand demand-sidemanagement,whilepossible,
is not easilyimplemented;

• Improvementsto supplyside in termsof evaluatingtechnologiesis
desirable;and

• Specificareasthat couldusemore scrutinyor improvement,
includingtreatmentof retrofits,pollution,qualifyingfacilities,
gas utiIity and others.

The resultsof thesereviewpresentationsengenderedmuch discussion
aboutthe model'srole in least-costplanningand its intendedaudience.

The meetingadjournedat 6 p.m..

The _econdday of the meetingwas calledto orderby M. Bergman_,t
8:15 a.m. The discussionof the previousday was continued,with threekey
conclusionsemerging. The firstwas that a test site (or sites)shouldbe
identifiedto validateEnergy2020 in a publicpowersetting. The second
conclusionwas that,whilestrictlyspeaking,Energy2020 was a framework
for integratedutilityplanningand not least-cost_ _ such a framework
is essentlalto do least-costplanning. Moreover,with the broaderand
more flexibleframeworkof Energy2020,increasedvaluecan be gained
throughits abilityto test strategicquestionsbeyondleast-costplanning.
With respectto the thirdconclusion,namelythe audiencefor COMPLEATand
its suitabilityto smallerpublicpowersystems,the criticalissueappears
to be to firstproveCOMPLEAT'susefulnessto the largerpublicpower
systemsah_dJointactlonagenciesthat are now grapplingwith these
problems. If successful(includingimproveddocumentationand user
interface)some smallerutilitieswill be able to find use with the model.
Agencysupportand other supportmechanismscan also act to spread
COMPLEAT'sapplicabillty.But, whileoptionsexistto buildon the
COMPLEATframeworkto simplifythe analyticand data demandsfor the
remainingsmallerutilities,this needwill be mostlydeferredfor now
untilthe basicquestionsof validityand usefulnessare resolved.



The next section of the meetlng dealt wlth production costlng
alternatlves. Dr. J. Oelson and g. Smlth and X. Feng presented a
spreadsheet Implementlnga new "dlrect solutlon" technlque that mlght be
sultable for smaller utllltles. The spreadsheetoffers a stralghtforward
way to explaln the concepts behind productlon costlng. The method may also
be able to be Incorporated Into COMPLEAT. E. Preston of Austin presented a
two-area productlon costlng model he has developed that can handle
transmlsslonconstralnts. A general dlscusslon on production costlng
methods folIowed.

The flrst unve111ng of an Improved user Interfacewas then demonstrated
by M. Bergman and G. Juras. As demonstrated, the Improvements to the "user
Interface" were deflned to encompass elght key areas and approaches:

Are____aa A_prop__ '

I. User interaction Improved "pop-up" and "pull-down"
meansl full color graphics; optional

• use of a "mouse" for input

2. Model configuration Menu selection of input data bases,
major model segments; menu selected
•switches for alternatlve calculation.
procedures ranging from screenlng to
detailed analysis; menu selection of
default data bases; installation
procedures for various hardware;
ability for batch operatlon

3. Data entry and management User-deflned labelling of data sets;
simple "pick" capabilitiesto select
input data sets or to enter
Indlvldual variables

4. Demo and tutorials Sma]l-scale,working demo on-llne of
model dynamlcs; steps for working
wlth the mode] and user tutorla]
documentation avallable to user on
all sub-menus; graphlcs overvlews
on-llne of model structure and menu
hlerarchy

5. Pollcy/cases testlng Library of pollcy "templates"
on-11ne, whlch can be mlxed and

matched to create new scenarios,
strategy tests, or technology
comparisons

6. Scenario management User-deflned labels for retalnlng
all configuration and input and
output database specificationsfor
use In later runs (may require an
archlvlng capablllty to compress the
slze of the data files)



7. Presentatlonof results Flexlble report generator

B. 0ocumentatlon "How To" users manual, case study
app1IcatIons, and technIcaI
reference manual.

Host of these features were Implemented In a prellmJnary verslon and
demonstrated. In addltlon,G. Juras demonstratedthe declslon analysls
capab111tles. Integratlonof these ca_ab111tleswlth the remalnlng
portions of COMPLEAT has not yet been speclfled.

Time 11mltatlons prevented a fulldlscusslon of the candldate pollcles
for inclusion In CONPLEAT. The advlsors agreed to revlew thls candldate
list, reproduced as Attachment O, and submit their addltlons and revlslons
M. Bergman before September I.

G. Backus made a flnal presentatlonabout other aspects of the Energy
2020 model and potentlal problem areas related to Its appllcatlon to
smaller ut111tles. His vlewgraphs are offered as Attachment E. The
advlsors had Insufflclent |nformatlonto judgethe serlousness of these
concerns. In G. Backus' oplnlon, they can a11 be easlly addressed. The
Attachment E checkllst w111 be kept In mlnd, however, durlng the testlng
period.

The meetlng concluded wlth a set of recommendatlonsby the advlsors and
the development of a tlmellne for tasks before the next ac/vlsorymeetlng.
The recomendatlons were:

I. Conduct one or two full tests wlth the asslstance of G. Backus.
These tests would be In ad_Itlon to the current "pre-alpha" test
group. Tentatlve candldates are Austln and one In WAPA_s servlce

terrltory (to test appllcabJllty to a smller ut111ty). M. Bergman
was Instructe_1to follow up wlth these groups to do whatever Is
necessary to secure their ass|stance.

2. Seek addltlonal resourcesfrom DEED and other groups. A request for
cost estlmtes has been glven to ;. Backus and I. Juras for thls
purpose (AttachmentF). Based o, thelr Inputs,N. Bergmn was
Instructed to seek another grant award from DEED and other partles.

3. Coaplete the user Interface shell to COMPLEAT (see above);

4. Draft "How to" documentatlon as a user manual. M. Bergman w111
begln thls task;

5. A11 advlsors would revlew and respond to the prellmlnary pollcles
11st by September I;

5. A11 advlsors would submlt estlmates of thelr tlme and travel
expenses on the project to date. (A separate memo on thls w11 be
for_varded by O. Lewts.) ;



: 7. Continuedalphatestingwas agreedto by PaloAlto,Burbank,Lincoln
and Seattle. Theseare in additionto the previouslynotedtest
sites. Otheradvisorsmay participatein the alphatests,of
course. But all advisors agreedto test the softwareand developa
case study (or studies)by the conclusionof the beta test period.

8. Begindevelopmentof a standardcase studyreportingform,including
a meansto capturedata inputassumptions, M. Bergmanwill draftby
the formalbeginningof the alphatest period(see schedulebelow).

g. A tentativedate and locationfor the nextadvisorymeetingwas set
as November9-10 in Austin,TX.

A roughschedulewas set for the next few months..

Dat_.__ee Event

immediate Begin working with Austin as test
stte

end of Au§ust COMPLEATuser "shell" complete

mid-September Draft users gutde complete; alpha
test version distributed to users;
reportingformatdrafted;WAPA test
sitework begins

early-November Next advisorymeetingwith alphaand
test site reports

mid-December Beta test revisions completed and
sent to advtsors

early-February All review commentsdue; final
advisorymeeting; final software
modificationss[eclfled

late-February Technologytransferworkshopsbegin

late-March Reportingand softwarecompleted

The meeting adjourned at 4 p.m.

Attachments
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Aqenda

Briefing to DOE on COMPLEAT.

American Public Power Association
Washington, DC

December 21, 1988'.

I. PURPOSES OF MEETING

• To overview the COMPLEAT design

• To summarizecurrent status of grant

• To identify issues and support needs related to project
completion

• To understand DOE's desired octcomes from APPA's LCUP grant

' • To reach common understandingof deliverablesconstituting grant
completion

II. OVERVIEW

• See AttachmentsA, B, C, F and H

III. STATUS REPORT

.e See AttachmentsD, G and H

IV. ISSJES RELATED TO DELIVERABLESAND COMPLETIONOF GRANT

, • See Attachments D and E

V. LONGER-TERM ISSUES

VI. WRAP-UP
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COMPLEATPROJECTSUMMARYREPORT

The following sections describe the COMPLEAT(Community-Oriented Model
for Planning Least-Cost Energy Alternatives and Technologies) project as of
December 1988, its background and purpose, efforts and results to date, and
level of ongoing interest by APPAmembers and related groups.

I. DESCRIPTIONAND BACKGROUND

COMPLEATis one of fourteen grant projects under DOE's Least-Cost
Utility Planning (LCUP) program, which was mandated by Congress to improve
utility planning methods and data. The COMPLEATproject is the second
largest recipient of funds under the LCUP program. The formal contract for
COMPLEAT was signed in July 1987, with actual project work beginning in
August of that year.

The purpose of the COMPLEAT project is to develop microcomputer
software for integrated (supply-and demand-side) resource planning and to
transfer that software and the resultingplanning process to as broad a
spectrum of public power systems as possible. A key objective has been to
reach smaller municipal systems, though the extent of potentiallyreaching
that objective is unclear at this time.

The COMPLEAT project has faced a challenge of inordinate complexity.
Not only are the technical options for generation and demand-sidemeasures
numerous, and their potential combinationsvast, but the interactions
between these options and utility Financing and rates and the outside
economy are profound. From the onset of the COMPLEAT project proposal,
therefore, an emphasis has been to build on existing methodologies,data
and software in order to keep developmentcosts down and the project's
period of performance short.

Much of the initial time of the project was thus spent understanding
the scope and complexity of the problem andevaluating existing
capabilities. Through this process, a number of project guidelines
emerged:

e The methodology should employ a "closed-loop"capability. That is,
feedbacks between energy prices, their effect on consumer demand,
the resulting need for supply (and financing), and its impacts again
on price should be explicit and dynamic;

e The treatment between supply- and demand-side options should,be
balanced;

e The primary purpose 06 COMPLEAT should be to expand awareness of the
breadth of options available -- thus being more of a long-range
strateqic planning tool;

e Uncertainties inherent in the future and the need to reflect the
multiple criteria that guide decisions should receive prominent
treatment;

i i iii iii ............. _.............. _ ..... _ .............



o Existing computer tools from which to build COMPLEAT's capabilities
should not be "black boxes," but available in source code; and

• The capability should be as easy to use and "friendly"as possible.

This process of project definition and review of existlng capabilities
was thorough, but time consuming. The project eventually settled upon a
closed-loop "core model" called Energy 2020, to be supplementedwith
enhancementsand a decision-analysiscapability.

The resulting approach can best be described as a strategic,
longer-term method for integratedresource planning. While the approach is
felt to be the best one possible for conducting "least-cost"utility
planning, its applicability is hardly limitedto that realm. Potential
applications of the approach can be as diverse as testing the impact of
deferred maintenance programs to evaluating the benefits of reducing
electric distributionsystem losses, the loss of tax-exempt financing or
buy-out of the electric utility. The breadth of these potential options
for evaluation is captured in Attachment B.

Throughout, the COMPLEAT project has been guided by a more than
twenty-member advisory group of APPA utilities and experts fromEPRI,
national laboratories,and consultants. APPA staff have also been actively
involved. Their time and travel contributionsexceeddirect project
expenditures by about a factor of two.

The project deliverablesspecified in the grant proposal are the
COMPLEAT software and documentation,write-ups on approximatelytwelve case
studies detailing its use, and three workshops to transfer the software,
learning and process gained from the project. An additional deliverable,
raised during the advisory group's deliberations,is the need to define an
ongoing support and development program.

The original COMPLEAT project completion was scheduled for October
1988; DOE ha_ granted an extension until April 1989. COMPLEAT is being
supported by a $71,210 grant from DOE and $25,000 in funds by DEED
(increased $1t_,000in March 1988, with an October contingencyauthorization
for another $25,000).

II. STATEMENT OF NEED

That the electric utility industry is undergoing structural change and
facing unprecedented uncertainty and challenges needs hardly to be stated.
Yet the number of public power systems -- or the consultants that serve
them -- planning and developing robust strategies for dealing with these
strategies is extremely limited. The number of APPA members equipped with
tools to do integrated resource planning,for example, can probably be
counted on the fingers of both hands.

Too oftenchoices regarding what demand-sidemeasures might be pursued,
as another example, are guided by what's currently the fad or what a
neighboring uti|ity has done. Such choices (anw}ngothers) may not be the



"best." Sometimes they may even do more harm than good in keeping rates
down.

In recognition of this problem, APPA's System Planning committee has
identified "strategicplanning" as public power's #2 priority, second only
to transmission access.

Though vendors currently are supplying various integratedresource
planning tools to the electric utility industry,they all share these
drawbacks:

• High initialprice, with costly annual maintenance Fees;

• Not tailored to public power Financingor circumstances;

• Provided as a "black box" -- no one knows how they do what they
do; and

• Lack a true "closed-loop"Feedback structure.

COMPLEAT will address all of these deficiencies.

But, perhaps most importantly,public power needs a focus-- a critical
mass -- for its thoughtfulmanagers and planners to discuss the strateqic
implicationsof change in our industry,economy and society, lt is a
capability public power and its support agents sorely lack today, and one
that COMPLEAT may help to provide.

III. EFFORTS TO DATE

Since the inceptionof the COMPLEAT project, there have been four
formal project advisory group meetings and numerous briefings. More than a
score of computer models have been technicallyreviewed. Paper
documentation covering the design, reviews, and lessons learned occupy more
than three feet of shelf space.

Given the daunting task facing the project advisors and staff, the
"Japanese model" of project planning has been followed. That is, a
substantial effort has been devoted at the Front end to understand the
problem and to evaluate what currently exists to address it, with the
eventual goal to reach consensus on a project plan and scope. That
consensus has now been achieved, resulting in a readiness For full-scale
implementationand testing.

IV. REMAINING TASKS

While the Energy 2020 "core model" has been selected and a list of
desired enhancementshas been identified,key action items requiring
completion are to:

• Conduct full-scale testing of the core model;

• Complete the new user interface "shell" to COMPLEAT;



e Draft a true users manual to the software;

e Implenw_ntthe list of uncertaintiesand options to be included
in COMPLEAT's "library"for the purposes of scenario evaluation;

e Design and schedule the project's technologytransfer workshops;
and

e Begin developmentof the case studies and reporting formats.

The fundamental status of the project is that while substantial support
and interest exists for the COMPLEAT design and capabilities identifiedto
date, full confidence in the usefulness of the deliverableawaits model
testing and validation in the public power context.

V. ADVISORY PARTICIPATION

The current slate of the COMPLEAT project advisors is listed in
Attachment H. One of the major accomplishmentsof the project to date has
been the continuing participationof early advisors,growth with the
addition of new ones, and their resulting emerging consensus of view.
Their contributions and guidance havebeen invaluable. Their Commitment to
see the project through to completion is gratifying, and will be essential
for the more concentratedefforts in model testing and documentation of use
that lie ahead.

APPA'5 System Planning Committee has retained an active interest in the
project throughout° About eight of the advisory group members arealso
active participants on the committee.

Through the DOE linkageand the project's extensive surveying of
existing capabilities, many non-public power groups are also following the
COMPLEAT project closely. A formal outside distributionlist of about 30
contacts receives periodic project status reports.

VI. WAPA INTEREST

The Western Area Power Administration (WAPA) has been closely following
the COMPLEAT project. WAPA has a particular interest in integrated
resource planning by smaller consumer-ownedutilities. While still in the
discussion stage, WAPA is considering a five-year, large-scale effort to
develop a Resource Planning Methodology (RPM).

This effort may or may not be a derivative of or based upon the
COMPLEAT project. Nonetheless,there is much of mutual benefit in the
interactionsbetween APPA and WAPA.



A_ tachmen= B-.w......

PRELIMINARYLIBRARY OF

POLICY "TEMPLATES

Notes: Asterisk (') indicatespolicy not on earlier list supplied by
G. Backus

(1)--parameterchange only
(2)--structuralchange in model
(3)--structuralchange requiring new calibration

I. MACROECONOMY

A. Inflation

e Change inflationrate (I)

B. Growth

• Change economic growth rate (I)
.e Test economic recessions (changes in capacity utilization) (I)
e Change inter-regionaldemand growth (i)

•e Model effects of electric growth on city government

C. Prices
_ i, , ,,,

e Change inter-regionalprices (l)
e Test energy cost impacts on economy (2)

D. Stock

e Change capital stock lifetimes (by end use) (I)

E. Non-Price

•e Includenon-price impacts (multi-attributeanalysis: environmental
performance; leadtime;)

•e Impactson property taxes from new development
•e Non-energy service impactsof policies (e.g., need For sewer,

water, infrastructurerequirements)
•e Test improvementsdue to better information

F, Demoqraphics

•e Change population growth rate
•e Change number of residents per household
•e Change mix of housing types
•e Change employment rates

*e Change age profile of population•e Change economic status of population
•e Test annexations of new service territory
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G. Weather..

*e Test drought conditions
*e Test regional temperature rise (greenhouseeffect:)
*e Test storm frequency (outages)

II. SUPPLY/REQUIREMENTS

A. S..upply

e More or less fuels availability
*e Restricted use (by fuel and technology)
e Additional fuels (3)
e Endogenous versus exogenous non-electric fuel supply (2)
e Change inter-regionaldemands on regional resources (l)
e Simulate energy shortages (2)

*e Reduce reliance on non-renewable energy
*e Promote "energy independence',

B. Constraints

• Test mandated energy cut-backs (I)
e.Endogenous versus exogenous non-electric fuel operational
constraints (2)

• Change renewable resource regenerationtime (i)
• Change new supply delivery delays (I)
• Add energy tax (1)

C. End-Uses

• Detailed retrof_.tsimulation (3)
e Interactionof combined end-use efficiency standards on cooling/
heating loads (3)

• Heating/cooling system versus separate heating and cooling by fuel
decisions (3)

D. Prices/Costs

e Endogenous versus exogenous non-electric fuel costs (2)
e Change renewable resource costs (1)
e Make depTetable resource costs dynamic (2)
e Add energy taxes/surcharges (I)
e Change energy delivery charges (I)
e Include indirect energy costs (1)

III. GENERATION

A. TECHNOLOGIES
i i

e Additional technologies available to future resource mix (3)
"--fuel cells
--pumped hydro (2)

*--sma11-scalehydro
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*--combined'cycle
"--FBC
*--gas turbine
--conventional coal

*--lC engine
--photovoltalcs
--MSW

Note: Each technology would be characterizedby ai:least: capital
cost (I); schedulingof maintenance (i);* scale; unit fixed and
variable costs (I); marginal heat rates (i); operational,impactson
heat rates (blocks) (1); others?

e Change utility cogeneration technologicaladvance(1)
e Change cogenerationtechnologicalpar•meters (i)
e Change cogeneration operational limits (1)
*e Test dispersed (very small scale)generation
*e Test dual-fuel generators

B. Fuels

e Change nuclear fuel contracts (I)
*e Change natural gas contracts
*e Change coal contracts
*m Change oil contracts
*e Change fuel delivery charges (by fuel)
*o Test water availability forhydro

*e Test improved fuel inventorymanagement
C. Pollution

m. i

• Add cogenerationpollutioncontrols (Z)
• Change pollution control,costs (i)
• Change pollution controls impact on operations (I)
• Change !)ollutionstandards (I)
*• TestCO" minimizing technologies/enduses
• Al,low.polution retrofitting (2)
m Change pollution compliance time (I)

*• Test impact of acid rain legislation
*• Lowest CO_/NOx/SO_ emitting resource mix

D. Construction
iii i

• Change construction time/schedule (I)
¢ Change constructiondelays (i)
*• Test impact of cancelling partially completed plants

E. Lifetime

*e Test lifetime extension

• Implement various plant cancellation strategies/schedules(2)
• Provide plant cancellation penalties (I)
• Test various plant cancellation impactson financeand rates (2)
• Change nuclearplant decommissioning logic (3)
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e Change nuclear plant decommissioning costs (1)
e Endogenousrs. exogenousplant retirement (2)
e Changeplant life (1)

*e Investigate loss of sales due to unit retirements

F...,D,ispat,ch'

e Change "must run" plant characteristics (t)
*e Test least-emissions dtspatch

G, General
i

*e Test improvementsto generation due to technical innovation
• Test new facility impacts on economy(2)
• Changereserve margin (1)

*e Test highest reliability vs. lowest cost resource mix
*e Test improvements in powerplant performance (O&Mcosts, outages,

heat r ate)
*e Test generationshutdown(bytype)

IV. DEMAND-SIDEMANAGEMENT

A. Lo.adManagement

. (Note: includesoptionto choosewaterheaters,air conditioners,
cooperativeprogramswith commerclal/industrialcustomers)
e Mandatoryload management(2)
e Voluntaryloadmanagement(2)
e Endogenousvs. exogenousload managementparticipation(2)
*e Test load managementeffectivenessin relationto powerpurchase.

contractterms

B. Incentives
, i i i illl Jmli

(Note: incentive programs maybe selected for at least the
following opt ions"

"1) residential--storage water heaters, water heaters with DLC,
dual-fuel heating systems (incl. gas utility surcharges), air
source heat pumps, high efficiency central AC, efficient
appl iances ;

*2) co_ercial/industrial--cool storage, efficient motors, street/
securitylighting,efficientlighting,efficientA/C, heat
pumps,energymanagementsystems,standbygeneration)

• Test sharedsavings(2)
e Test capitalsubsidies(2)
e Test low-interestloans(I)
e Test variousrebateprograms(2)
• Test loadmanagementsubsidies(2)
e Allow sharedefficiencysavings(3)

-.C. Standards

e Implementprocessefficiencystandard_I) 0
e Implementthermalefficiency(building)standards(i)
*e Test "matchingincentives"versus"performancestandarrl_

(Calif.CPAM)



D. P,ro,qrams ,,

*e Test program,implementationcosts
*e Test program participation rates
*e Test changes in programs effectiveness,over time
e Test informationprograms (I)

E. Financinq

e Test conservationexpensing (2)
• Test conservationcapitalization(2) ,
e Test load management expensing (2)
• Test load management capitalization(2)
e Test annualized costs of demand-side recovery
• Test compulsory utility bonds for new construction

F. Marketing

*e Investigatemarketing surplus,(incentive rates?)
*m Assessment of best potentialmarkets for new services
*• Capture increasedmarket share
*• Match generation/purchasesto market segments "
*e Test recruitment of new industriesto area
*• Test penetration of electric vehicles

G. General

• Conservationprogram impactson economy (2)
*e Test mandated conservation in times Or surplus ("capability

building")
*• Test most cost effective DHC systems
*• Test minimizing risk of conservationprograms
*e Test "balanced" vs. "blitz" conservation
• Change technological improvements(I)
• Add temperature zones (3)
• Change discount rate for conservation programs (1)
*• Test economic benefits of improvingload factor

V. TRANSMISSION/DISTRIBUTION

A. Technolo_y

• Change transmission and distribution technological parameters (I)
*• Change URD cable lifetimes

B. Construction

• Change T&D construction delay times (1)
*• Test cable replacement programs ,

C. Losses
iii . .i L

*• Change transmission line losses
_• Change distribution line losses



D. Maintenance

*e Test changes in T&D maintenar,,cecosts

E. General
i

e Test utility bypass (2),
e Change regional interchangepower (1)
*e Test open transmissionaccess
*e Test mandatory wheeling
*e Test limited transmission access
*o Test,restrictionson transmissiondue to EMF

*e Change transmission reliability Ioutages)
*e Change distribution reliability {outages)

VI. POWER PURCHASES

A. Purchases
i

• Change purchase power use and technology parameters (I)
e Change energy contract level of aggregation (3)

B. F irm

• Change firm purchase contract cost (1)
• Change firm purchase contract logic (3)
*e Test variable pricing on long-term supply contracts

C. Economy

e Change economy purchase logic (3)
• Change economy purchase cost (1)

D. Spot/Emergency

• Change emergency purchase logic (3)
e Change emergency purchase cost Cl)

VII. RATES

A. Classes
i

e Make additional revenue classes (3)

,B.T ime-of-Use

• Endogenous vs. exogenous TOU participation (3)
• Time-of-use rate (decrease, increase, time-shift demand) (2)
*• Test benefits/costs of "real-time"rates

C. Inte,rrupt.ible

• Load management rate relief (2)
• Endogenous versus exogenous interruptibleload



e Og,.,,pemandcharges

e Test demand charges (Z)

E. Seasonal

. • Add seasonal rates (3)

F. Other

= e Simulate inverted rates (3)
e Test peak energy buyback (2)
e Provide incentiverates for certain end,uses (3)
e Change rate dilferentials (I)
e Add fuel costs clauses (2)
*e Test "rate stability" scenari•

VIII. FINANCING/TAXES ,.

A. Method

• Select normaiized versus flow through accounting (2)
- e Select test year (future or historical) (3)
I e Incorporate alternativeaccounting methods (3)

e Change avoided cost calculation (Z) (3)?
e Use marginal cost pricing (3)
e Calculate marginal cost of generation'(3)
e Endogenous versus exogenous asset retirement (Z)
• Change capita] & lifetime (I)
• Change AFUDC treatment (2)
• Change CWIP treatment (2)
• Include plant capital additions (Z)

B. Financinq

• Change financing capital structure (I)
*• Test loss of tax-exempt financing
*• Test restrictionson the use of tax-exempt financing
e Change financial limit_-(I)
• Change financial capital structure goal (I)
• Change debt _ife (I)
e Promote debt repurchasing (2)
• All_w debt interest re-investment (3)
*• Change Ipvels of debt or revenue financing
• Continuous roll-overdebt versus fixed year bonds (2)
*• Change financing interest rates

C. Revenues/Rate Base

• Use deferred ratc base (3)
. • Use deferred revenue (3)

• Use deferred expenses (3)



e Endogenousversus exogenousother income/diversification (3)
e Endogenousversus exogenousreturn on short term investments (2) lp r

*e Change income interest rate

D. Taxesi

*o Ci_angein-lieu-of-tax rate/fixed amount
o Changetax credits (1)
o Changetax rates (1)
e Changetax Iifetime (1)

' • Changetax depreciat ion method (2)
• Add revenue tax (1)

IX, CONSUMERRESPONSE

A. Budqet

• Changebudget response (2)

B, Takehacki

• Simulate consumerfr ingible demands(2)

Xo NON-UTILITYGENERATION

A. AveilabilIty

e ChangeQF availability(I)

B. Technoloqies
imm i

o Changeplant life (I)
o Additionaltechnologies(3)
• Changetechnologyparameters(I)
• Test technologicalimprovement(I)
o Use solid waste technologies(2)

C. Co.ntracts/Price

• Simulatecogenerationbuy/sellcontracts(3)

D. Financln!I/Taxes.

• Changefinancialcapitalstructure(I)
• Changeflnancialrisk (I)
• Changetax rate (I)
• Changetax credits(I)
• Changetax life (I)

E, Barrlers
iiiiii J i

• Add pollutioncontrolrestrictions(2)
o Change institutionalbarriers(I)
• _arlgenew supplyconstruct.iondelay (I)



I.

XI. [NTER-UT[L[TY

• Exogenous versus endogenousparticipation levels (3)
•e Jolnt action agency relationships
•o Shared prlantownership
•e Pooling

(
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Briefing to DOE on COMPLEAT .

American Public Power Association
Washington, DC

December 21, 1988

I. PURPOSES OF MEETING

e To overview the COMPLEAT design

• To summarize current status of grant

• To identify issues and support needs related to project

completion

• To understand DOE's desired outcomes from APPA's LCUP grant

• To reach common understandingof deliverablesconstituting grant
completion

II. OVERVIEW

• See Attachments A, B, C, F and H

III. STATUS REPORT

• See Attachments D, G and H

IV. ISSUES RELATED TO DELIVERABLESAND COMPLETION OF GRANT

• See Attachments D ar;dE

V. LONGER-TERM ISSUES

VI. WRAP-UP
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1. INTRODUCTION

This section introduces you to the COMPLEAT ("Community-
Oriented Model for Planning Least-Cost Energy Alternatives and
Technologies") Users Manual, describes what manuals and diskettes
you should have received with your COMPLEAT system, tells you how
to load the software onto your hard disk and to start the
program, and familiarizes you with conventions you need to keep
in mind while working with the software.

This COMPLEAT Users Manual is complemented by the COMPLEAT
Model Documentation (currently called the "Energy2020 Model
Documentation"). This Users Manual offers step-by-step guidance
on how to work with the COMPLEAT software. The Model
Documentation is provided as a separate volume and documents how
the COMPLEAT model does its calculations, the philosophy behind
the model, and its data structure and requirements.

REMEMBER: This is "alpha" documentation and software for

the COMPLEAT system. Discrepancies and errors are likely.
Please note all such problems, plus improvements and enhance-
ments you would like to see to the documentation as you test
this "alpha" version.

,,

i.I. HOW TO USE THIS MANUAL

Read this introductory section first. After you have read
this section, you will be ready to become familiar with the
COMPLEAT software, configure it for your utility, test it, and
put it to productive use.

Prior to working with COMPLEAT, you should become familiar
with how the software's menuing system works and other conven-
tions (specific keys and their use). This information is offered
under "Conventions Used in the COMPLEAT Software" at the end of
this introductory section.

After the introduction, this COMPLEAT Users Manual is

structured around six major sections -- or modes -- for working
with the software. Each subsequent section offers a progres-
sively detailed look at how you should work with COMPLEAT, from
becoming familiar with it as a novice to making changes in the
raw source code as an expert. YOU ARE STRONGLY RECOMMENDED TO
WORK THROUGH THESE SECTIONS IN ORDER.

Each section captures the screen-by-screen steps for working
in that mode. Sir ply follow the instructions offered and the menu
screens as reproduced in the manual to exercise the model and
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become increasingly comfortable with its use. By working through
these sections you wil ! have completed a self-paced learning
course.

Each mode of working with COMPLEAT has its own screen-by-
screen stepwise sequence. The six modes for working with the
COMPLEAT software are:

l Mode I: Familiarization -- This mode works you through the
main features of the COMPLEAT software to provide you an
overview of its use. A default data base is provided with
your COMPLEAT system for this purpose. When completed with
this section, you should have a good familiarization with
the entire software system;

i Mode 2: Xnitial Configuration -- COMPLEAT offers you great
flexibility in terms of the major model segments that you
may have active or inactive, whether data values are calcu-
lated internally or provided externally by you in a data
base, data base subdirectory locations and paths, years in
historical and forecast periods, printer toggling and
graphics resolution, switching of model execution options,
use of standard data bases or not, and so forth. By working
through this mode, you can make choices as to exactly how
you would like your COMPLEAT model to be configured;

i Mode 3: Creation of'the Base Case -- Your COMPLEAT base case

is the foundation from which all of your scenario runs and
policy tests are derived. This mode thus describes how you
enter your own serJice area-specific data into COMPLEAT for
creating and then running your base case. As a base case,
special procedures for saving this reference configuration
and data bases are also described;

i Mode 4: Routine Use and Scenario Analysis -- Once your
COMPLEAT base case is created, you are able to test
scenarios and policies at will. The earlier steps of con-
figuration and data entry can be largely bypassed;

a Mode 5: Interactive Querying of the Model-- More experien-
ced users may want to work interactively with the COMPLEAT's
data and procedures. This mode is often most useful when
trying to trace problems or in debugging; and

R Mode 6: Revision of Source Code -- Experienced users may
wish to change the underlying logic of the COMPLEAT software
or to augment its capabilities. Besides requiring an in-
timate familiarity with the COMPLEAT model, changing the
COMPLEAT source code also requires a working knowledge of
the PROMULA language. Given the complexity of the softwa2-e,
special guidelines must also be followed to ensure your new

2



INTRODUCTION

program works Once changes are made. This section presents
the guidelines, tips and pitfalls to avoid if you alter the
COMPLEAT source code.

These modes offer an ascending order of complexity. For best use
of the COMPLEAT software, you should try to work through these
modes in sequence.

1.2. WHAT COMES WITH YOUR COMPLEAT SYSTEM

The _ COMPLEAT system comes with three (3) 360KS diskettes,
the COMPLEAT Users Manual, and the COMPLEAT Model Documentation
(already provided with the "alpha" version as the "Energy 2020
Model Documentation").

The listing of source code files (*.PRM) included on the two
COMPLEAT 360 KB double-density diskettes and complied during the
model installation and the resulting data bases (*,DBA), ex-
ecutables (*.XEQ) and miscellaneous files are shown in Appendix
B.

In addition, ad hoc use of the COMPLEAT data bases or

revision of _ the COMPLEAT software requires the PROMULA SYStem
Disk and Users Manual. These materials are separately provided
by PROMULA Development Corporation, Columbus, Ohio.

@
1.3. SYSTEM REQUIREMENTS

COMPLEAT runs on IBM PC, XT, AT or Models 30 to 80 or i00

percent IBM compatible computers using the MS-DOS operating sys-
tem (Vet. 2.0 or higher). The Intel microprocessors supported are
the 8080, 8086, 80286 and 80386. Minimum system RAM (random-
access memory) is 640K. A minimum 20-megabyte (MB) hard disk is
required, and one floppy 5 1/4" 360 kilobyte (KB) or 5 1/4" 1.2
MB disk drive.

COMPLEAT cannot utilize extended memory above 640K. Be
careful about the use of "memory-resident utilities" (e.g.,
Borland' s "Sidekick", Microsoft's "Windows", etc. ) slnce they may
not leave sufficient RAM for COMPLEAT. If you have any questions
about memory availability, you may run the "CHKDSK" command from
DOS to determine RAM availability.

If PROMULA is to be used, it must be Version 1.31 or higher.

The COMPLEAT files, including source code (*.PRM) files,
require a minimum of about 6.5 MB of hard disk space. An addi-
tional 2 MB for each scenario subdirectory and 'base case' data
base is needed. If you do not need to keep source code resident
on your hard disk, space requirements can be decreased to about
4.3 MB. Under COMPLEAT's current alpha design, each scenario _n
--_._ a subdirectory of about 2.2 MB in size using regular

3
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' data files; about 200 KB with packed data files. Make sure that
the amount of free hard disk space available on your computer is
sufficient to meet your anticipated use, including at least one
scenario subdirectory. Thus, the minimum free hard disk space
required is about 7 MB (4.3 MB for executable and base case data,
plus 2.2 MB for one scenario data subdirectory). More is
recommended.

COMPLEAT supports color display monitors only. Certain
color graphics boards may not be fully supported.

COMPLEAT can use the 8087, 80287 or 80387 numeric co-
processors. These supplementary chips may speed processing time
by a factor of two to ten.

The software supports a variety of printers.

To improve COMPLEAT's execution time, the following
parameters are listed in order of decreasing impact on reduced
execution time:

1. Use of faster processor (25 megahertz 80386 processor
is best) ;

2. Use of "disk cache" boardll

3. Use of numeric co-procesnor;

4. Use of RAM disk;

5. Use of high-speed hard disk drive (e.g., 25 nanosecond
or below).

For example, compilation of the entire COMPLEAT source code
requires almost 4 hours on an 8-MHz 8086-based machine, without
caches, co-processor or a RAM disk. A 25-MHz 80386-based machine
with a disk cache and moderately speedy hard disk, on the other
hand, requires less than 20 minutes.

1.4. INSTALLATION

1. If you have not already done so, create a COMPLEAT sub-
directory on your hard disk:

a. From the main (root) subdirectory, type:

C>MD COMPLEAT

then

C>CD COMPLEAT

4
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You are now in the COMPLEAT subdirectory.

b. Copy the PROMULA diskettes into the COMPLEAT subdirec-
tory (you should ignore if you are using the runtime
version of COMPLEAT:

C>COPY A:*.* C: (If A is your floppy disk drive and
C is your hard disk drive).

2. After restoration, install COMPLEAT by typing:

C> INSTALL

First, the archived COMPLEAT files will be Unarchived. Then,
the COMPLEAT source code files (*.PRM) will be compiled.

3. If yOU are using the source code version of COMPLEAT, in-
stallation may require a few hours (depending on your
hardware) since the install procedure compiles the various
COMPLEAT source code files into executable programs and data
bases.

If yOU are using the runtime version of COMPLEAT, installa-

O tion will a few minutes,
only require

4. IMPORTANT NOTE: The full sourcecode version of COMPLEAT

requires about 6.5 MB (megabytes) of free hard disk space.
For more flexible performance, you are advised to have 8-10
MB of free disk space.

i.S. 8TARTING COMPLEAT

I. To run the COMPLEAT program, change to the COMPLEAT sub-
directory when you first start up your computer:

C> CD\ COMPLEAT

2. To start COMPLEAT, simply type:

C> COMPLEAT

After a short opening banner, the COMPLEAT Ma_n Menu will
then appear.

5
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COMPLEAT

Community-Oriented Model for

PLanning Leas_-Cos_

Energy Alter'natives and Technolog(e$

_.6. CONVENTIONS USED ZN THE COMPLE_T SOFTWARE

The COMPLEAT modeling system is a "menu-driven" program.
That is, choices made from menus govern the use of the program by
branching to different execution paths or options.

The user interface of the model revolves around three dif-

ferent "windows" that appear on each sc:?een. These windows are
the:

I Top 'Comment' Window. This window displays comments on the
current screen or provides the menu options by which
COMPLEAT is controlled;

I Middle 'Main' Window. This window displays variables for
editing or browsing, allows set selections to be made from
longer lists, or displays tables for editing or variables or
browsing; and

m Bottom 'Action' Window. This winduw provides prompts for
the actions called for by the 'Main' Window or provides a
brief description of menu options that appear in the
'Comment' window.

A generalized presentation of these windows is shown in the
screen below:
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t..................................................................... <.'.. _ h.i..,:.....ii....._.hQ.....i._N.T.;......_ i._.. a........................... .........................................,..:...: .:.................................................................

Through th|S W|ndow you may edit or browse variables or tables. The current
seLect|on avaiLabLe for browsing or editing ii highlighted on the screen:

This is a highlighted variable ....... - .... _-........ • 1234567
Numerical variables may also have deci_L places ..... • 765.4321

i
OR

VariabLes may also be strings or names - .............. • String 1
- .............. • alb2c3d4

VaLues are edited by typing new values at the keyboard for the highlighted
variable. Pressing the [Enter] key records your changes. General editing
or browsing direcl_ions are provided in 1:he 'ACT|O_' menu d|rectly below 4.

The [End] key and directional and [PgUp], [PgDn], [Home]
keys play a special role within COMPLEAT. The [End] key is used
when you are finished with activities in the 'Main' Window. The
directional keys are used to moveand scroll around options and
variables in the 'Main' and 'Comment' Windows.

The 'Comment' Window may also offer a list of menu options
by which you branch to various capabilities within the COMPLEAT
program. Selection of these options is either made by pressing
[Enter] for a highlighted entry, or entering the letter (using
upper- or lowercase) that is capitalized in each option name. An
example is shown in the two screens below:

7
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_.,.,..._.i. op-_l_...A oPt.,.on I op,, on .C ,t , on .[) _._ i..-li....... ......... ...... .... ............... ..........................................

I.++
Whenthe 'COIeRMT,Wfndo__:,:_ve_ as used for aetectior_ of menu

options (als is shown), you my mike your setect|on |n one of two ways:

1. Press the [Enter] key to select the N|ghLtghted entry;

OR

2. Enter the claptraP|zed Lettllr rh|lt apt:el|rs tn the opt|on
name (for examte, 'B' in 'optton B_ or 'X' fn 'neXt').
Either _:perciue or to_erCllSe tatters may be used.

Once your selection is illade, you may breech to imother Subller_l, as
ts shown in the next s(;reen, or you may see e 'MAIN' Window for brows|rig or
editing values. Mote on the next screen that II description of the menu Optio.
appellrs in the bottom 'ACTION' _d|ndow.
................................................. , ....... ,................................ ....... .., .,,.,..+ ......... •...... ......, ,.,.,H.oo.......... .+, ,°..+ .r...o.., .... e.+°.°,..,.,...o+oo.o .°..
::'"',_'-_':':':"";;';';+;':'i_;_;-":.... ! ".... ' :..........;:'_'i,':'_"'":"_'"'"_"ii,_'_"'_'!+!i;':'!"!!!_iii"'!'"'i'i'_'!;'?_"_"__"_"_'!i_':'!'i"!!i'"!':':'!'!'_':.......!'!'_:-'!"'!'!':'!'_'!'!:"!"!":'::i:::!:

I|m,S:+:A.+.+._:.... ++-+tiOn°_...........s+-;+++_"++.....................;+-+++"i_"_................'+".........."""]+"I.......

++.opt|++ next i++.t

i__ii_ +_iA+,::_+:::..!iii!!°!!i!+!ii!.i___._.__:__________:__._._._+____________:__________.______:__+._____:::;{;_________:__+___:_____;_______:________________________r_:_:_______:_____.__.+____:__________+___________;_._._____________________________+_._+_;____+___+__.___._:_____+__.____+_______+______+:+____"Asho.P_+._+,.c+P.!.p..t..iva+.c_+_+_ +S_rt++!.+_.o_i_.!.'..'.++.'_+..0'+_.i__ .ii_i:"i'Ii'!_i_!...
!.._.!i;i_i'.ii'i!ii!+.i::;t+.+_+ "" _: !i'i.i/:i ::iiiii:i::i!i+_+!.'.,.:'+;iiii;i17:i;iii+i++;_iii'.':ii:i;i'..i'.:_.ii;i/+:_'iiii'+iiiiiil;_i;i:!+_';+;!:_ii:!i_._i_i:i_+i:;I,i+!|i+

.........................................................................................................................................i...............i...........................'"'"'I......

The 'Main' Window may also be used to select sets or vari-
ables from longer lists. A generalized presentation of this
capability is shown in the two screens below where a variable is
selected from a list for editing:
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I o, -- i_':'"':':......>:':":":":............"''':'"'i'"":;:::':':':..........!"'"'......::":................i........""li'''''_.............._ :'"';':'"'_":::':!'::':'""::_'_''"

ldent I)escr|pt | on
VARI VariabLe No. I
VAR:) Vsrimbte No. 2
VAR3 VariabLe No. 3
VAR4 Var|mbLo No. 4
VAIt5 Vmri_Le No. 5

ii:i:_ii:!:":iii_'i":iiiii_i'i::i:;;::i:::End::Con_i"n_: _i-:::i ::::P_!i:_inlii:i_"ii_i]_]_:_slei:' i:n:_;_;:_`!_e::i_ec:_:_]_;_:i_._;_:_:_Ji_:_.!._.:_:.::ii_i_;_::;::ii

Note. 'VAR1' was selected for editing. In this case, VAR1 is a
two-dimensional variable defined by the sets (arrays) of YEAR and
STATE.

VariabLe No. 1

CALIF OH[O HINN TEXASFLOR|DA
Year #1 5.00 ?3.50 &2.O0 60.50 79.00
Year #2 8.71) 27.20 45.70 6/,.20 82.?0
Year #3 12.40 30.90 &9.40 67.90 86._0
Year #4 16.10 34.60 53.10 71.60 90.10
Year tl5 19.80 38.30 56.80 75.30 93.80

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.:.... :_: ,'.':::i"';":";i':::': ":i:::;:;:;::'::i';:;::!!:.:!:;:',:!:i::_::::'i';'_::::';::'::';:_:':":!;_;;::::.;::_::::'::::::::::::::::::::::::::::::::::::::::::::::::;':':'.:!:::!i':,:_:;:',:;';'.;:i'.::::i:;:','_,:;:i'i_i:ii_iii:!ii:

!

:en this same list selection capability is used with sets, the
•nge that governs a variable's dimensionality can also be
:estricted. In the three example screens below, VAR1 's
dimensional set of YEAR has been restricted to Year 1 only. First
the set range is selected (restricted) to Year #1:
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T:hen VAR:I is selected again:

lc_mt Oescr|ption
VAR1 Variable No. 1
WLR2 Vsr_abte No, 2
VAR3 Veri_:bleNo. 3
VAR4 VariabLe No.
VAR5 Variable No. 5

Now, the table shown above only shows the values for the states
for VAR1:

I0
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.... VariabLeNo. I

CALXF OHIO MINN TEXASFLORIDA
Year #I 5.00 23.50 _2.00 60.50 79,00

iiii:i:ili:i:!:ii_:!:iiii!ii:_iiii:ii:;_in_.'_i_niIi_:i_ii:iiiili_!_:ii_iii:i!ii_i_::ii_ii_iii:i:i_i_:i:i:_ii_:iii_!:iiiii_ii:iiiii:iii:i:iii:i:i:i:i:i:iii:i:i:iiiiiiliiiii!i

The COMPLEAT modeling system also offers on-line help

capabilities. [Note: Implementation of this capability is incom-

plete in the current alpha version of the software.]

_ 'Help' assistance is offered in one of three ways:

1. Whenever 'Overview' is offered as a menu selection within

the 'Comment' Window, its selection will result in a listing

of topics in the 'Main' Window. Picking the highlighted

option brings up that topic on the screen, much like

selecting a chapter in a book. Here's an example:

11
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_..........._._,:_:____ _ _.____:_:_z_:___:_.__ ::_:_:___i_i___ !_i_:i__;_!!:_I!_I!II_!_I_!:!Si_:!i!i_iiii_:_:_ii_iiii!i:ili!i!i;i_ii_i:i_iiiillii!iiiiii!;illii!i'i!ii_iii!iiiii:iiiii!i!!_ili:iiiil.iiii_!i!i!i_iii!iii_ill i!iiill
i Setact a help topic belowto browse.

i I i Ill -- -- III II I I IIIIi

This help dialog for C_PLEAT should be used as an on-Line supplement to the
mmnuaL. Use the arrow keys 1:o highlight 1:he top|c of |nterest, then press
the (Enter: key. For Long topics, use the [P_Jp] and (P.qOn] keys 1:o move
to subseq_mt screens.

Topic 1 Topic 2 YopiC 3
Topic 4 Topic 5 Topic 6

.Topic 7' Topic 8 Topic 9
Topic 1_) Topic 11 Topic 12
Topic 13 Topic l& Topic 15
Topic 16 Topic 17 Topic 18
Topic '19 Topic Z0

i . i _ . i_1 i iml iii

............... i__:ii_i_!

i_............,.._.:.:.:.......................End: Continue T _" Home: SeLect Enter: Edit :_.!!

2. Or context-sensitive help may be chosen at any time within
the program by simultaneously pressing (Aft-H]. This choice
causes COMI_LE:AT to branch immediately to the topic (chapter),
relevant to your activity.

1

!_- SeLect a help topic below 1:o browse.

Each topic is sa_ne[hing _ike a chapter in s book. Specific help information
can be found under the topic heeding that explains variables and their
definition, unil:s of measure, methods used for catcuLat|ons, st:epa to foLLow,
M_d so forth.

Each of these l:opJcs is s tso avaiLabLe as a context-sensitive help within
COMPLEAT by pressing The (ALL-HI keys at any point _il;hin the program.

• ,, ,,, i i _ ....... _ ;

3. Any COMPLEAT menu on which the 'Steps ' option appears
provides you step-by-step guidance on working with the model
at that given point. Much of the on-line information under

12
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the 'Steps' option is taken directly from this Users Manual.

The [PgUp] and [PgDn] keys allow you to scroll longer topics that
will not fit within the 'Main' Window. When you are finished
reading the current help message, pressing [End] returns you to
your original spot in the program.

Finally, if you are NOT using the runtime version of
COMPLEAT, you may interact with PROMUI_ from within the COMPLEAT
program by pressing [Esc]. With this capability you may do ad
hoc queries of the COMPLEAT data bases, then return to your
original point in the COMPLEAT program by pressing IF7] off of
the PROMULA Main Menu. This screen sequence is shown below. See
the PROMULA manual for further details.

[Esc] can be entered at any time while working with
COMPLEAT. It will result in seeing the PROMULA Main Menu:

Main Menu",i

Key F_,i'_tion

F1 [_X_I: __i
F2 Restart PRO_LA
F3 Run the PROMULA Tutorial
F4 Edit a source file

F5 Compi le a source program
F6 Run a program from the console
F7 Resume an interrupted program
F8 Run I program from a disk fi&e
F9 Run a _ of appticat(ons

FIO Use the PROQkILALanguage

-_ Press desired key or move bounce bsr and [ENTER] _-
press

/

[---- Copyright 1988 PROHULADeveLopment Corporation, ALL R;GHTS RESERVEDVersion Number 1.31, Release Date 09107188 ---"7

You could, for example, use PROMULA directly:

13
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! !
[ .m,n.enu[

Key F_t icw_

F1 Exit PROMIJLA
F2', Restart PROMULA

. F3 Run the PROI_IJLATutorimt
F4 Edit a source file
F5 CompiLe s source program
F6 Run a program from the console
F7 Resume,an interrupted program
F8 Run a program fr_ e disk f(te
F9 R_ a _ of _._,!catio_

Press des(red key or move bounce bar a_d press [ENTER]

_- Copyright 1988 PRONULAOevetof_ent Corporaticxl, ALL RIGHTS RESERVED----7Version Number 1,:31, ReLeese Oete 09/07/88

:_>;:_._._..:::_._._.'_.!::::::::::::.'.:::.::!::.::::_:..:!:!:i:T_:_:.:::.:::::::_::;:_:_:_:_:::_.:_::::_.:.::::_::_:::::::_::_.::_:_.:::_::::.::::::F:::_:::_:_::_::.:::.::::_._::_::_::::_:;:::_:::_::_::::::_.:.::_:_::::::.::::.::_:_:_.::::_:_:_:_:.:;:.;;_:_:_::._:_:_:::::_:_:_::_:::_::::::::::::_:_::_::::_F_I__

....

When finished using PROMULA, you may return to where you
escaped from COMPLEAT by pressing [F7], returning you to your
original point:

14
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f l,lii_..enu i
Key Func_:ion

FI Exit PROIqULA
F2 Restiirt PROMULA
F3 Run the PR(RULATutortiil
F4 Edit ii source ft le

. F5 C_pile ii source progrm
F6 Run ii program from the console

F8 Run ii program from a disk file
F9 Run ii menu of ep,pl i ciit ions

FIO Use the PROMULALanguage

-_ Press desired key or move bounce bar and [ENTER]
press

[---- Copyright 1988 PR_LA Development Corporation, ALL RIGHTSRESERVEDVersion Number 1.31, ReLeaseDiite 09107/88 ----1
,

You are now returned to the scre6n (in this case the Help screen)
from which you originally escaped [Esc. ]:

• i iiii
to subsequent screens.

Topic 1 Topic Z Topic :3
Topic 4 Topic 5 Topic 6
TOPic 7 Topic 8 Topic 9
Topic 10 Topic 11 Topic 12
Topic 13 Topic 14 Topic 15
Topic 16 Topic 17 Topic 18
Topic 19 Toplc ZO

i:::::::;::::::;::::::::::::::::::::::::::::::::::::" .:::;. : " , ' , • :r'::'.: ':': ' ," ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::,:;::_:":','::':":;'::: ,, r" ::.::: : ': ,::':::::::::.' :::':;"::,::::::::::::::::::::::::::::::::::::::::::::::::::::::_lliii!!i
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NOTES ON COMPLEAT
'ALPHA' RELEASE

Instal fat ion

To install COMPLEAT, please follc,w these steps:

1. C:reate a \COMF'LEAT subdire,:t,:,ry ,:,nyour hard disk;

".'. Cc,py y,:,LtrI-:OMMAND.C:OM file into this dire,:t,:,ry

3. C,:,pyall diskettes into this directory; and

4. Type "install " frc,m within this directory.

The rest will handle itself.

/ou will be asked at the end c,f the installation routine
whether y,:,_thave a colc,r or mc,nochrc, me monitor; your
answer will determine whi,:h c,f these versic, ns is
instal led.

The installation prc,,:ess takes about five minutes.

You should have about 9.5 MB free; the data bases are duplicated in the
DEFAULT subdire,:tory t,:,prevent ,:orruption. If you need to use less
space, delete the source ,:,ode files (*.PRM:); this will decrease
requirements by 2 MB. If you need ADDITIONAL spa,:e, delete the help
files (*.HLP); this will _ecrease apace requirements another 900 KB,
but will result in the loss ,0f,:,n-line help.

If possible, you should install COMPLEAT on y,:,ur fastest machine with a
,:olor inoni_or.

Use of COMPLEATd

Gen era 1

The program is ready to go. You may begin tc, play with it immediately.

To _tart the model, type "c,:,mpleat".

1. The 'alpha _ version of C:OMPLEAT requires the version of _'ROMULA
ver. 1.32) provided on diskette and installed during the installation
out ine;

2. Become familiar with the draft COMPLEAT Users Manual and on-line

help system (see below);

3. The historical model period is from 1975-1985; the calibration



period is f°-_,rm1976-1985 (the '75 values are used to initialize the
model). For the current version c,f COMPLEAT, ALL future simulations
_hould uegin in 1986 and not extend beyond 2c'_10;

4. Protect yc,ur CALIB.DBA file• Always maintain the \COMPLEAT\DEFAULT
directory with this original model -- if you make changes, ,-_reate new
subdire,:t°:°ries to store them in;

5. F°-,rthe time being, you are rec°-,mmended NOT t,-,get into,
,_a]ibration. lt works and as we clean up the basic mc,del we will need
t,-,re-calibrate again. But for now, it eets up alot c,f machine time
and °:an introduce new prc,blems if the input information has n,-_,tbeen
pr°-,perly provided. Please °-ontact Mike 8ergman bef°.,re yc,u begin t,_-,
°:alibrate;

6. SHOULD you revise the histc.rical Electric input file, you must
re-c,-,mpile the DHISTI.PRM, DHIST2.PRM and SHISTORY,PRM files• They
need the electricity price infc,rmation before re-calibration ('.this
unnecessary step will be eliminated by the 'beta' version of :,:OMPLEAT);

7. All electric utility variables on the da_a base °:an n,-_,wbe accessed
using PROMULA directly. If y°-_,uchoose to do this, [Esc] tc, PROMULA
from the View-Ele,-tric menu.

8. The gas sector and transpc°rtati°-,n ,-apabilities are currently not
act ive;

• If you will be using the PROMULA PTE editor when Working with the
c,ur°:e °:,:°de,it should be (°-°pied into yc°ur current COMPLEAT working

directory; and

I0. Consult the manual if yc°u have any questions; you may also call
Mike Bergman at any time;

Should you need tc, re-compile, simply type °°compile" at the prompt.

Note, however, that this step will °overwrite all of your database files
(*.DBA), which should then be re-copied into your 12:OMPLEAT working
directory from the \COMPLEAT\DEFAULT subdirectc, ry if you desire to
retain the default values.

W indc,ws

The user interface of the model revolves ar°:°und three different
°'windows" that appear c,n each screen. These windows are the:

Top 'Comment' Window. This window displays cc,mments on the current
screen or provides the menu options by which COMPLEAT is controlled;

Middle 'Main' Window. This window displays variables fc°r editing ,:,r
browsing, allows set selections t°:°be made from longer lists_, °:°r
displays tables for editing °:,rvariables or browsing; and

tom 'Action' Window. This window provides prompts for the actions
called for by the 'Main' Windc°w or provides a brief descripti,:,n ,:,fmenu
opt ions that appear in the 'Comment' window.



The [End] key and dire,:tional and [PgUp], [F'gDn], [Home] keys play a
special role within COMPLEAT. The [End] key is used when you are
finished with activities in the 'Main' Window. The directional key_
are used tc, move and scroll around c,ptions and variables in the 'Main'
and 'Comment' Windows.

The 'Comment' Windc,w may also offer a list of menu optic,ns by which you
branch to various capabilities within the COMPLEAT program. Selectic°n
of these options is either made by pressing [Enter] for a highlighted
entry, or entering the letter (_ing lower-c°r uppercase) that is
capitalized in each option name.

The 'Main' Windc,w may als,:,be used to select sets or variables f._°0m
longer lists. When this same list selection capability is used with
sets, the range that governs a variable's dimensic, nality can also be
restr icted.

Ma in Menu

Options from the Main Menu may be selected by placing the bounce bar
over the entry and pressing [Enter], or by pressing the capital letter

(using lower-or uppercase) that appears in each option name.

Mc,ve the bounce bar frc,m option tc, c°ption using the arrow keys. Note
that each option is provided with a short descriptor that appears in
the bottom 'Act ion' Window.

The order in which opt ions are listed (from left to right, top to
bottom) rc,ughly corresponds to the sequence of steps you should follc,w
in loading, configuring and using COMPLEAT for the first time. As
described in the varic,us modes (sect ions) of the Users Manual, however,
depending upon your use and familiarity with COMPLEAT, you may emplc,y a
different sequence of steps once you begin using the model c,n a routine
basis.

Important Note: Pressing '×' for neXt or eXit ,0n any given menu
returns you to the previous menu °0r allows you to __xit COMPLEAT.

Each of the COMPLEAT Main Menu options is described be?.ow. Familiarize
yourself with these options. Note that all options are not fully
availab1_ in this alpha versic_n of COMPLEAT.

The Main Menu options are:

Load -- The Load option allows you to select data files for a given
run. This option allows you to select 'packed' °0r regular 'unpacked'
data files for the ,-urrent run, to pick the subdirectory on which your
data files reside, and to view your selections and data file paths.

Define -- The Define option allows you _o configure your COMPLEAT model
segments, select parameters such as printer and graphics use, enter
information on global variables (such as seasonal definitions or
interestrates), establish the years that define your historical and
forecast periods, choose amongst model execution options, and select
from default data bases. See the section ,0n "Mode 2: Initial



q

Configuratic, n" in the Users Manual for more detail ,on this ,:,ptic,n.

O Input -- The Input option is where data a_ entered for each ,0fCOMPLEAT's model segments. These segments are:
-- Economy
-- Demand

-- Suppl y
-- Ele,:tr i,-
--Gas (not available in current version)

-- _ualifying Facilities

Most attention will be required f,_,rthe electric utility inputs. See
the section c,n "Mode 3: C:reati,0n ,:,fthe Base Case" in the User Manual

for more detail on this c,ption.

Attribute --COMPLEAT provides the capabilities to evaluate scenarios

and plan- using multiple attributes. Attributes are commonly used
figures-of-merit such as risk, employment, local control, and so, forth.
The Attribute iopt_,on allows you to enter values for each of the
attributes for each ,:,fthe te,:hn,:,l,:,gies_b,:,thsupply- and demand-side:)
in the C:OMPLEAT model, and to ssign weights for the importance c,f
these various attributes.
[NOTE: Not available in _he ,:urrent version ,0f COMPLEAT.]

Calibrate -- Before fc,re,:ast runs ,:an be made with the COMPLEAT model,
the historical data in the model must be "calibrated" to set ratios and

parameters in COMPLEAT's internal feedback Ioc,ps. The Calibrate opti,0n
llows you to initialize these parameters, exec _te the calibration ,:,na
odel-wide or segment-by-segment basis, and debug the model should the
calibration pro,:er_ure not converge.

E_ecute -- The Execute opt i,:,nallows you to run the COMPLEAT model
forecast between arbitrary years.

S,:enario -- A scenario ,:c,nsists ,of a ,:c,mbination of opti,:,ns or plans,
over which the planner has some con_-ol, and future uncertainties or
events. The Scenario ,option al lows you tc, select amongst ___-.
pre-loaded plans and uncertainties (about 30 in the ,-urrent version:),
plus the setting of individual values associated with those optic,ns
(for example, say, a 2% or 3.5% future economic growth or an increase
in the cost of fuel oil), resulting in virtually an infinite number ,0f
combinations available from the keyboard. See the section c,n "Mode 4:
Routine Use and Scenario Analysis" in the User Manual for more detail
on this option.

View -- The View option allows you to browse ALL historical or forecast
values for data variables for the COMPLEAT model segments noted under
the Input option above. [NOTE: This option only fully available for
the EUTIL_TY segment in the current version ,0f COMPLEAT.]

Tree -- The COMPLEAT model comes with a decision-tree capability
that may either be used as a standalone capability ,0r integrated with

COMPLEAT model runs. Standal,:,ne applications ,:an be used to
e-screen inputs to COMPLEAT scenarios or entirely separate from the

COMPLEAT modsl use. The Tree option allows you to ,:onstruct or analyze
a decision tree ,or multi-attibute utility function. [NOTE: The Tree
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option is not yet fully available as a standalone capability in the
current version of COMPLEAT, and has not yet been integrated into the
model. ]

Hypersens -- Hypersens performs a statistical analysis of model inputs
and outputs in order to identify: (.I'.)which inputs mos_ influence the
model's outputs; and (2) therefore, which inputs most deserve better
data collmction or analysis by the decision tree. The Hypersens option
allows yc_u to set the parameters for a given statistical analysis and
to c_n_truct a decision tree directly based on the Hypersens run.

[NOTE: Hypersens is still undergoing revision and is not integrated
nor available in the cut.ent version of C:OMPLEAT_]

Post-process -- The Post-process c,ptic,n allows you to °:onduct the
_nulti-att_ibute analysis after a COMPLEAT model run is conducted.
Values by technology, technologies sorted and ranked Oy attributes, and
standard reports are available. [NOTE: This option is not available
with the current version of COMPLEAT.]

Report -- The Report option allows you to browse ,:,rprint the standard
reports and tables available in C:OMPLEAT. [NOTE: A few anticipated
standard reports are not available in the °:urrent version ,of COMPLEAT.]

Fil_ -- The File option allows you to save data files for a given run.
This option allows you to save 'packed' ,or regular 'unpacked' data
files for the current run, select the subdirectories for saving these
files, and to delete files from your data base.

• @Overview -- The Overview option ,offers on-screen tutorials on COMPLEAT
model concepts, steps in the model use, and tips for the most
productive use of the system. Included is a flow chart overview °0f the
COMPLEAT menu structure and a live demo des,:ribing the conceots ,:,f
systems dynamics modeling. [NOTE: Not fully implemented in the current
versi,0n of COMPLEAT.]

Use -- The Use option is a complete listing of all of the steps
needed to work with the COMPLEAT software.

Master help -- The Master help option is the complete on-line tutorial
to the COMPLEAT system, retrievable by individual help file _d tc,pi,:.

eXit -- The eXit option allows you to exit the COMPLEAT software and
return to the main ,operating system.

Edit Menus

Many of the tables or menus that appear in the 'Main' wirdow are 'edit'
menus. That is, information is presented for browsing or edit ing.

The _irectional keys and [PgDn] and [PgUp], PLUS the function keys
(CFI] and CShift][F1], for e_:ample), direct the movement °-_ the
highlighted bouncebar around these tables. The function keys cause you
to either 'page up' ,or 'page down' the dimension ,of the variable that
the function key number represents.

Editing is achieved by typing at the keyboard for the highlighted
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entry. After [Enter.] is pressed, the new entry is added to the data
base, and the highlighted cursor moves tc, the next entry.

Once editing is begun, pressing tEnd] all,-,ws you tc, scroll to any entry
on the table, rather Mthan having to pr,--,gressto the next sequential
entry. Pressing CEnd3 again ,-auses y,:,ut,:,exit the table or menu.

If editing was never begun, pressing [End] the first time ,:auses y,-,ut,-,
exit.

IMPORTANT NOTE: Tables that have mc,re than c,ne ,:entered heading
represent 'multi-dimensional' variables. The other dimensi,-,ns are
accessed with the IF3] or [Shift]IF3] (or higher) fun,-tic,n keys.
(However, n,:,neof the COMPLEAT variables have mc,re than five
dimensions, so IF5] is the highest functic, n key necessary.) ALWAYS BE
ALERT TO MULTI-DIMENSIONAL VARIABLES, s,-,that your editing is always
c,:,mpIet e.

Keys

The [End] key and directic, nal and [PgUp], [PgDn], lH,:,me] keys play a
special role within COMPLEAT. The [End] key is used when yc,u are
finished with activities in the 'Main' Wind,0w_ The directic, nal keys
are used t,z, move and scf,011 around .z,ptic,ns and variables in the 'Main'
and 'Comment' Windows.

The [Home] key always ro,:,yesyc,u to the first entry in an edit menu or
able.

[Esc] can be entered at any time while working with COMPLEAT. lt will
result in seeing the PROMULA Main Menu.

When finished using PROMULA_ you may return tc, where you escaped from
v'OMPL.'_ATby pressing [F73, returning you to y,-,uroriginal point.

Help

The COMPLEAT m,z,deling system offers ,:,n-line help capabilities. 'Help'
assistance is ,offered in one of th"ee ways:

I. Whenever 'Overview' or 'Minor help' are offered as a menu select i,z,n
within the 'Comment' Window, its selectic, n will result in a listing ,:,f
topics in the 'Main' Window. Picking the highlighted option brings up
that topic on the screen, much like selecting a ,-hapter in a book.

_. Or context-sensitive help may be ,:hosen at any time within the
program by simultaneously pressing [Aft-HI when ,0n a Inighlighted menu
option. This ,_-hoice causes COMPLEAT t,-,bran,-h immediately tc, the tc,pi,:
(,:hapter) relevant tc, yc,ur activity.

3. Any COMPLEAT menu on which the 'Steps' option appears provides y,-,u
step-by-step guidance ,0n working with the mc,del at that given point.
luch ,of the on-line information under the 'Steps' option is taken
irectly from the Users Manual.

The [PgUp] and [PgDn] keys all,z,w y,z,ut,:,s,:r,-,lll,:,nger t,:,pics that will



not fit within the 'Main' Window. When you ar_ finished reading the
current help message, pressing [End] returns you to your original spot
in the program.

Manual

The draft COMPLEAT Users Manual is significantly out-of-date. Numerous
changes have been made to the program itself. Y,:,ushould not be
surprised if what appears on the screen is not consistent with what is
in the manual.

These discrepancies will be ,-orrected fully for the 'beta' version ,:,f
Iz:OMPLEAT.

Nonetheless, the draft Users Manual does reflect the major steps and
mc,des for w,:,rking with the model. A basi,: familiarity with the manual
is therefore essential before you begin productive work.

If there are quest i,-,nsabout the manual, consult the c,n-line help
assistance, which is generally more up-to-date.

C.omments ,:,nmanual format and content are specifically requested.

M,-,des

Each mode ,:,fworking with COMPLEAT has its own screen-by-screen
stepwise sequence. The five modes for working with the COMPLEAT

software are:
Mode 1: Familiarization -- This mode works you through th_= main
features of the COMPLEAT software to provide yc,u an ,overview ,0f its
use. A default data base is provided with your COMPLEAT system for
this purpose. When ,:,-,mpleted with this section, you should have a gc,,:,d
familiarization with the entire software system;

Mode 2: Initial Configuratic, n -- COMPLEAT ,offers you great
flexibility in terms of the major model segments that you may have
a,-tive or inactive, whether data values are calculated internally ,:,r
provided externally by you in a data base, data base subdirectory
locations and paths, years in historical and forecast periods, pr inter
t,-,ggling and graphics resolution, switching of model execution optic,ns,
use of standard data bases or not, and so forth. By working through
this mode, you can make choices as t,-,e:,.actly how you would like your
COMPLEAT model to be ,-onfigured;

Mode 3: Creation of the Base Case -- Your F:OMPLEAT base case is the

foundation from which all ,of your scenario runs and policy tests are
derived. This mode thus describes how you enter your own service
area-spe,:ifi,: data into COMPLEAT for creating and then running your
base case. As a base ,:ase, special pro,:edures for saving this
reference configuration and data bases are also described;

Mode 4: Routine Use and Scenario Analysis -- Once your COMPLEAT
base ,:ase is created, yc,u are able t,0 test scenarios and policies at
will. The earlier steps ,-,fconfiguration and data entry ,:an be largely
bypassed;



Mc,de 5: Revisi,-,n c,f S,-,ur,:eC:,.,d:_=-- Experienced users may wi.sh t,:,
change the underlying l,-,gi,-c,f the C:OMF'LEAT s,-,ftware c,r t,:,augment its
,-'apabilities. Besides requiring an intimate familiarity with the
COMPLEAT mr,del, ,.-hanging the C:OMPLEAT source ,-,-,deals,_-,requires a
working kn,-,wledge of the PROMULA language. Given the ,:c,mplexity of the
software, special guidelines must als,_-,be followed t,-,ensure your new
program w,z,rks c,n,zechanges are made. This section presents the
guideline, tips and pitfalls t,:,avoid if you alter the C'.OMPLEAT sour,:e
code. [NOTE: Not provided in ,:urrent draft manual.]

These mc,des c,ffer an ascending order of complexity. For best use ,:,f
the COMPLEAT software, y,:,ush,z,uld try t,:,wc,rk thr,z,ugh these mc,des in
sequen,- e•

The COMPLEAT Users Manual offers detailed des,-riptic, ns ,-,fthese mc,des.

Interactive PROMULA

You may interact directly with PROMULA from within the C:OMPLEAT prr,gram
by pressing CEs,:]. With this capability yc,u may dc, ad h,:,,:queries ,:,f
the C:OMPLEAT databases, then return tc, yc,ur original point in the
COMPLEAT program by pressing IF7] ,:,fr,z,fthe PROMULA Main Menu. See
the F'ROMULA manual for fcvrther details.

E',.ecution Time

improve COMPLEAT's execution time, the fc,llowing parameters are
isted in order ,:,fdecreasing impact c,n redu,zed executi,-,n time:

I. Use of faster processor (125 megahertz 8(')386 processor is best'.);
_. Use ,:,f"disk ,:a,:he" b,z,ard;
3. Use of numeric ,-,,z-processor;
4. Use ,:,fRAM disk;

. . 255. Use of hiqh-speed hard disk drive (e g., nanose,zond ,:,rbel,-,w);
6. Alter y,:,urC:ONFIG.SYS file t,z,FILES=30 and BUFFERS=25.

Compilation ,of the entire COMPLEAT source code requires alm,:,st
4 hours ,0n an B-MHz 8(')86-based machine, withc,ut caches, ,:,:,-pr,,,,zessc,r ,:,r
a RAM disk. A "=_-MHz 80386-based machine with a disk cache and
moderately speedy hard disk, ,:,nthe other hand, requires less than 20
minutes.

TSR Utilities

COMPLEAT cannot utilize extended memc,ry above 640K. Be careful about
the use of "memory-resident utilities" (e g , Bc,rland's "Sideki,zk"
Microsoft's "Windows"etc, .) since they may not leave suffi,-ient RAM
f,z,rF:OMPLEAT. If y,-,uhave any questions abc,ut memory availability, yc,u
may run the "CHFCDSK '' ,:,:,mmandfrom DOS tc, determine RAM availability•

You should have at least 54(')Kc,f available mem,z,ry.

f PROMULA is tc, be used, it must be Version 1 o.-.•_ or higher.



Data Sour°:es

The principal source of service-area data for C:OMPLEAT is the Energy
Information Administrations Form 412. This infc,rmatic, n is supplemented
with c°ther utility-specifi0: data, as noted below.

Appendix C: in the Users Manual reprodu,:es the Energy Information
Administration's Form 412, "Annual Report of Public Electric
Utilities". This form is required to be submitted annually by abciut
50() public power systems, lt is thus the mc,st ,:,:,mmc,nly-fc, llc,wed
reporting format current within publi,: power.

The Rural Electrification Administration's Form 7 and various state
report ing forms are similar in format.

The Ft,rra 412 has changed slightly in the past fifteen years or so,. All
references to the Form 412 are tc, the ,:urrent (6/86) version.

Assembling Data

Tc, create your 'base case' for the 'alpha _ versi,:0n c,f COMPLEAT, you L

should concentrate on your electric utility-specific information C0nly.
The remaining default values in the rest of the mc,del shc0uld be
adequate for test purpc°ses.

The basi,- steps in assembling yc°ur service-area specific data are to:

I. C,-,lle_:tup to ten years of successive Form 41'"_ (or similar lc,treat)
reports. Three years c,f successive reports is probably the minimum;
ten years is best.

THE NUMBER OF SUCCESSIVE YEAR REPORTS IS CRITIC:AL AS IT DETERMINES THE
LENGTH OF YOUR HISTORICL C:ALIBRATION PERIOD AS SET UNDER THE
'DEFINE-YEARS' OPTION.

2. Photocopy these reports and disassemble intc, these year-by-year
tables, in approximately this order:

a. Part III: Operation and Maintenance Expenses;

b. Part IV: Utility Plant;

,:. Parts VII and XI: Large-Electric Generating Plants Using Fuel
AND Hydroelectric Generating Plant Statistics AND Internal-Combustion
Engine and Gas-Turbine Generating Plants (Part XXI, 6/82 version) AND
Changes Made or Scheduled to be Made in Generating Plant Capacities
(Part XXII, 6/82 version);

d. Parts V and Part VI: Sales of Electricity for Resale AND Purchased
Power ;

e. EIA Form 467: Ele0:tric Sales Data for Year (Part V, 6/82 version

of Form 412);

f. Part VII: Taxes, Tax Equivalents, Contributions, and Services
During Year;



g. Parts XII and XIII (6/82 and prior versi,-_,ns,-,nly): A,:,:umul at ed
ovisions fc,r Depreciation of Utility Plant AND L,-,ng-Term Debt (NOTE:
y need t,,,substitute with annual report in later years);

h. Part II: Condensed In,:ome Statement for Year; and

i. Part I: Balance Sheet - End of Year.

N,-,tethat some of these tables ,,,,:cur,-,npages with c,ther tables.

Photoc,:,py multiple sets ,of these, so that the nine yearly series are
each ,:omplete.

3. Arrange ea,-h ,,,fthese nine sets ,:,ftables in yearly order, with
earliest year first, most re,:ent last.

4. In additic, n, ,z,ther data is necessary, in,,luding, but not limited
t(',

a. Distribution l,-,sses (Part XXV, 6/82 and prior versions c,f 41 '_,
,-,niy ) ;

b. Transmission l,:,sses (Part XXV, 6/82 and pri,,,r versic, ns ,-,f412
,:,n1 y ) ;

c• M,z,nthly sales figures (kWh) for same historical per lc,d;

• Peak by year and 'mc,nth;

e. Pumped storage informatic, n; and

f. Load management and ,.-,:,nservation inf,z,rmati,:,n.

After this informatic, n is assembled, fc,llow the step sequence and
screen instructions shown under the Input-Ele,ztri,z-Hist,z, ri,zal c,pti,z,n
off of the C:OMPLEAT Main Menu•

By following these steps, entry ,:,fali of your historical service
territory data may be accomplished in one ,:,rtwc, days• Annual reports
,or ,other forms may be substituted fc,r the Form 41":'_s, with an increase
in data collection and entry time.

Tips

I. Yc,u work with data in the main 'working' dire,:tc,ry, so that if
you ,:orrupt this information, yc,u can still retrieve the original
information from _COMPLEAT\DEFAULT.

:-. Most data is written "virtually" to disk. Thus, if you suffer a
power failure ,:,rinadvertently [Es,--] from the program, your mosi
re,zently ,:ompleted steps sh,z,uld be reflected on F:OMPLEAT's databases.

• Y,z,ur ,:onfigurati,z,n options are extremely important to your later
use ,of the COMPLEAT mc,del: (I} they affect execution time; (")_ they
define the requirements fc,r time-series data_ and (3) they establish



the limits t,:,flexibility in s,:enari,:,analysis.

As a result, you are generally best c,ff t,z, ,z,:,nfigure C.OMPLEAT f,-,rthe
brc,adest use y,:,umay anticipate. For example, you sh,:,uld probably set
y,:,ur forecast horizon quite far off into the future and activate as
many segments as possible.

Remember, y,:,u,:an always analyze shorter simulations than the total
length ,z,fyc,ur forecast period, but ,-an NEVER evaluate peri,-,ds that are
Ic,nger.

4. Executic, n time is directly related tc, the simulation peric,d
:seIe,:ted.

The speed ,of model executic, n depends ,z,ny,z,ur hardware. On a standard
IBM PIZ:/AT, the simulati,z,n ,:,fea,zh year f,:,ra fully ,:,z,nfigured model
requires abc,ut tw,z,minutes.

First attempt the basi,z execution prc,cedure f,z,ra short period. Once
y,z,usee that the basic executi,:,n works prc,perly, y,:,uare now ready
t,z,,_.c,nduct the full base ,zase simulatic, n.

5. Exer,zise ,zauti,z,nwhen y,z,u,:hange 'Set Des,:ript,,,rs' under the
Define-Global Variables ,-,ptic,n c,ff c,f the COMPLEAT Main Menu. If you
have any questic, ns, contact Mike Bergman.

Instructions for 'Alpha' Testinq

A minimum ,0f ten weeks fc,r testing c,f this 'alpha' versic, n ,z,fCOMPLEAT
will be provided before any advisory group meeting is held. After the
delays tc, date, it is much mc,re important that adequate testing and
review is made before the final tasks are scheduled.

Ali aspects c,f the mc,del that are currently implemented are available
f,-,rtesting.

Before entering your own utility-specific information, please bec,z,me
familiar with the default case and the general working ,of the software.

Comments and critiques in all areas are welcomed and encouraged.
H,-,wever, in your testing, please try tc, pr,z,vide ,z,-,mments in these
areas:

I. Adequacy of the Input-Electric c,ptions off of the C:OMPLEAT Main
Menu to handle your ,own data and its availability;

2. Desired options (plans and uncertainties) for testing under the
S,zenar io c,pt ic,n;

3. Additional desired output reports, c,r comments ,z,navailable
reports, especially under the Repc,rts-Electri,z c,ption off of the
COMPLEAT Main Menu;

4. Adequacy ,of the treatment of power supply options, including
generati,,,n and wholesale pc°wer;



5. C,:,mments on the content and use ,:,fthe c,n-line help files;

@_6. Detailed ,:omments ,In the COMPLEAT Users Manual and suggested
enhan,: ement s;

7. F:c,mmen_s on how you wc,uld like tc, see the de,:ision tree and
HYPERSENS _apabilities integrated into the final pr odu,:t; and

8. Ideas for the format and capabilities of the multi-attribute
opt i ,=°n.

If possible, please try t,=,keep tra,=k c,f the staff time devoted tc,
testing COMPLEAT. This inf,',rmati,:,nwill be part ,:,fthe final pr,:,ject
a,:,:,:,ctn t in g t,:,DOE.

Attempt t,:,keep a running log ,:,fall problems encountered and other
,:,:,mmentsas you review the software.

Depending c,n the progress c,f the 'alpha' review, a standard format for
writing up ,:ase studies may be devel,:,ped toward the end ,:,fthe testing
per i,:,d.

Tips for Smaller Utility Use

The units required for COMPLEAT during 'data entry are geared toward
arger utilities (e.g., MS, GWh, et,-.).

In most instances, three significant de,.imals have been pr,-,vided for in
data entry. Thus, for example, amounts as small as $1,000 may be
entered even the,ugh the required unit for that entry is in millions ,z,f
d,-,lIars.

The relationships amongst proper units in the mc,del is cc,mplex and
pervasive. ALWAYS ENTER'. DATA IN THE UNITS REQUESTED!

COMPLEAT is able to maintain up tc, eight significant digits. Though
the screen may not show very small numbers, as long as they dc, not
ex,-eed allowable significance, they will be properly kept on the
databases.

Entry of very small numbers results in PROMULA using exponential
no,tat ion. If you are entering small numbers, do not be alarmed tc, see
this for mat.

Joint action agencies testing COMPLEAT ,-,nbehalf of their members are
specifically requested to comment c,n the units currently used in the
mc,del. If desired, it shc,uld be p,z,ssible to devel,,,p another final
version c,f COMPLEAT that is better geared t0i, smaller utility needs in
terms ,:,fdata for mat.

Summary ,=,fF:,:,mpleted Tasks

This sect ion provides brief do,=umentation for all of the major tasks



that were ,_-ompleted t,-°pr,.-,du,-ethe 'alpha' Versi,:,n of COMPLEAT.

Completed tasks are: ....

,z, Designed and implemented a c,-,mpletely new user-interface. This
interface in,zludes a revamped menuing system; standard data
entry with validity l-he,-ks; internal consistency amongst mc,del
segments in their l,-,okand feel; and standardized ac,-ess ,-,f
variable l_sts and use ,,_fedit menus;

i

'"i = .'5 m

,z, Upgraded the basi,- Energy _c.l.,,(.)engine t,-,ruin on PROMULA versi,-,n
1.31, and then 1._-_'_, with conseqent err,_-,r-trapping and
debugging ,.-,fF'R,OMULA itself;

,z, Generalized the use ,z,fyears in the model, ailc,wing
user-defined pe'ri,z,ds rather than fi._ed periods as in the

,:,riginal engine. A ,:,z,nsequence ,z,fthis general izatic,n w:_s'the
eliminati,z,n ,:,fs,_-,z,res ,z,f"initializati,z,n '' variables used in '_he

,

older versi,z,n t,z,provide the mc,del's start-up values;

,z, Designed and added an entirely new scheme f,z,rsele,zting and
managing user-defined s,zenari,z,s based on retrieval ,,z,f
pre-defined ,z,pti,z,ns fr,z,mlists; included the use ,z,fa s,zenaric,
"header" tc, pr,z,vide better d,.-,,zumentati,z,nand tracking
capabil ities;

o Developed clser-selectable pr,z,cedures fc,r activating or not
major model segments;

,z, Expanded the number of resources that ,zan be dispatched from I':'
tc, 26; added the capability for user t,z,define dispatch ,order
or tc, base c,n unit variable ,-,z,sts;

c, Split the treatment c,f T_,.Dinto separate distribution and
transmission ,:apabilities, and enhanced the sophisticatic, n ,of
all T&D treatment;

o Revised the finan,zial acc,:,unting framewc, rk to provide f,z,r
municipal practices and in-lieu-of-tax payments;

,:, Augmented substantially the entire treatment of wh,z,lesale power
transactions; added federal all,z,,zatic,n and ,zontracted regional
interchange; split wholesale power categories into firm,
e,zonomy, requirements, interchange and sp,z,t;

,:, Generalized output capabilities tc, allow all reports or
variables t,:,be written t,-,a clser-definable text file, printer
or screen ;

o Developed a framework fc,r lists of standardized reports and
wrote about 35 su,zh reports, in,-luding those reflecting the
Form 412; placeholders for additic, nal reports are in-place;

,z, Added de,zisi,z,ntree capabilities t,z,the n_odel (th,z,ugh final
integratic, n awaits the 'beta' phase);
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o Expanded the treatment ,:,fgenerating plant types from five to
seven; designed user-definable designations for plan_ types;
e.'_panded ple,nt characterizations to reflect detail in Form 412;
allowed each plant type t,:,be designated as 'must run' or not
or bc,t.h; distinguished between new plant additions and
improvements t,.-,e_,_isting pl ant; .

o Completed ,:omprehensive on-line help system;

o Generalized definition and treatment ,:°fthe five-season

capabilities in the mc,del suitable to.either winter- c,r
summer-peaking utilities; seasons are now totally user-defined
and -labelable;

o Improved treatment of hydro generation tc, a¢comodate ponded or
run-of-river alternatives; else ,:,fhydro as peaking units; hydro
output capacities above nameplate ratings (:the latter applied
to all plant types'.);

c, C;reated a self-consistent default ,:ase using Seattle C:ity Light
data available from publi,: sources; validated, ,:alibra'bed, and
simulated same;

,:, Drafted users manual empl,:,ying unique "mc,de" approach to
refle,:t the different _s,:,phisti,:ation c,f users depending ,:,n
their degree ,:,ffamiliarity with the model and their intended .
cise;

.. o _ Provided rc,cttines for users tc, sctpply their own descriptors for
_ all of the :sets used in the model; des,:riptors now appear on

all reports _ and edit menus;

o. Established main configuration database such that all
• user-defined values for descript,:°rs, configuration settings,
global variables, year periods, and model e._,_ecuti,:,nswit°:hes
can be recalled for later else;

c, Defined procedures and data input routines for splitting fi_,_ed
and variable O&M for generating plants;

,:, Standardized calibration pr,:,cedLlres amongst model segments;
provided capability rto calibrate all sectors as a single
r,:°ut in e

c° Coded framework fc,r incorporating state-level data files to
reduce model implementation time; obtained relevant, state-level
data on disk (full incorporation.of said databases awaits the
'beta' phase);

,:, C:oded framework for in,:orpc°rating least-,:ost supply curves
(full incorporation awaits the 'beta' phase:);

o Implemented data file and scenario management capabilities
through generalized _l,:,ad, and "file' routines; provided
capability for regular ,:,rcompressed data files;



o Added a generalized 'view' capability wherein ali model
'.Jariables may be accessed fc,r viewing, printing c,r wr it ing tc°
file; began implementation i:,fgeneralized pl c,tting ,:apability;

,_ Created installation rout ines; and

o Cleaned-up and standardized syntax c,:,nventions for all model
source ,:ode. ,

Model _Asmumpt,ic!ns, and De,:ision Factors

Any abstraction ,:,freality, such as computer models, embodies many
decisions as to how the real world works. C:OMPLEAT is no exception.

This sect ion outlines many ,:,ftlne de,:isions made during COMPLEAT's
'alpha' design. They are offered here for comment and criti,:ism.

In some ,:ases, wrc,ng de,zisle,ns might have been made. In others,
perhaps not all users may agree, suggesting the need for
user-determined "swit,:hes '°. In all ,:asesp however, yc,u may 0:hange tlne
determinations offered below byl ,:hanging the values on the r'.OMPLEAT
Jat abases.

Subse,:tions ,:,nmodel procedures, defau]t assignments for selected
future values, and the default dispatch order are documented below.

M,:,del Procedures

Some of the assumptions in r:OMPLEAT's mc,del procedures are described
below :

o T&D effi,-ien,:ies are ,:alculated on the average system Ic,ad for
all ultimate ,:ustomers (distributic, n)or all sales
(transmissic, n) after adjustment for losses; future values are
set tc, the histori,:al average.

o Distribution plant construction rates are based on the need t,:,
meet peak demand plus a reserve margin, after plar_t
retirements; transmissic, n plant construction is s'milar except
based on average demand.

,:, Loads for the resale, municipal and streetlighting ,:lasses are
not calibrated by the model. Rather, they are calculated as:
I) resale-- a function c,f net regional demand, wholesale
demand, and demand for part i,:ipat ion power; 2) municipal-- a
function regional municipal demand and municipal demand for
wholesale power; and 3:) miscellaneous -- a function of qr,:,ss
local prc,duct.

,:, Historical test Year is assumed.

c Whether future requirements are met by utility-c, wned generation
or not is set by the user (gcfr}. All plant g,:fr's may not sum
to more than one in any given year. Individual plant gcfr's
determine the pr,:,p,:,rti,:,nand mi,_ of new capacity built, if



' " "i'ndicated. The remaining differen,:e between the sum of g,:fr's
and I.O is met by ,:ontracted firm pur,:hases. The m,:,del is
initialized with g,:fr set to (:).0, ir_di,:ating no new ,:apa,zity
will be built. GCFR may be set by the user.

,:,If generation constructic, n is indi,zated, building ,:,fall plant
types is based ,:,nbasel,:,ad requirements, except oil/gas plants,
which are based ,:,n peak.

c, Dispatch may be set by the user ,:,r based ,:,n unit variable ,:,:,sts
(including fuel); see bel,:,w.

,-, Future revenues are based on ,:lass revenues, plus ,:,ther
revenues, plus gas and water revenues, with the latter adjusted
by in flat ic,n.

o Available funds are applied to funding requirements in this
order:= gc,vernmedt bonds, funds from long-term debt, funds fr,:,m
intermediate-term debt.

,:, Future pur,:hased p,-,wer costs are based ,-,n the fuel c,-,sts ,-,f the
sour,:e res,:,ur,:eplus a wheeling charge, all',adjusted for

inflation. Savings are split based ,:,nthe differen,:e between
the sc,ur,.-e resc, ur,:e and the next mc,st ,-ostly res,-,urce.

Future Values

_s defaults, future values for many variables are assigned internally
COMPLEAT. These assumptic, ns are detailed below. T,:I,:hange these

defaults, see the Input-Ele,ztri,z-Future optic,n off of the COMPLEAT Main
Men u.

,

Future values for these variables are set t,:,O:

dmc fr (class, year ) 'Frac. ,:,fRevenue allo,-ated tc, Demand C:harge'
dprdd(aa,year) 'Accelerated Depre, =iation Rate (I/yr)'
fptbf(year) 'Firm Purchases T&D Cos'ts to be Financed ('.MS:)'
g,zacgr(plant) 'Plant Cap. Additi,-,ns Growth F.'.ate'
gcci(plant,year) 'Generation Capa,:. Initial Rate (MW/yr)'
gcfr(plant,year) 'Fraction of New I-:apa,.-ityby Plant Type (Frac)'
[NOTE: All gcfr's for a given year may not sum tc, greater than I.(:);by
setting to O.O, all new capacity requirements will be met by firm
pur,:hases. ]
gcr(plant,year) 'Generation Cap. Retirements (MW/yr)'
gsexp(year) 'Gas Utility Expenses (MS:)'
gsrev(year) 'Gas Revenues (MS)'
mdpgi 'Initial Growth Rate for Min. Demand (I/yr)'
mild 'Maximum Base Load Power Durati,z,n (hrs/.yr)'
mis,:fn(year) 'Mis,:. Projects t,:,be _inan,:ed (IMS:)'
miscre(year) 'Mis,:. Retained earnings (MS:)'
pa(year) 'Parti,:ipati,:,n P,-,wer (:MW)'
papcf(year) 'Parti,-ipation Power C:apacity Factor'

f ,-c ( ye a r ) ' Pr ,:,j e c t Fu n d i n g C,:,v e r a g e Cc,n t i n g e n,: y '
:,ufr(ec,year) 'TOU Acceptance Fraction (Fractic, n)'

wtexp(year) 'Water Utility Expenses'
wtrev(year) 'Water Utility Revenues'



These variables _are set to 1 for the future:

afdb_f"(year) 'Fraction ,of AFUDF: from Debt Funds (DLESS)'
f,:wrb(year) 'Fracti°:,n of CWIP in Rate Base (DLESS)'
fpucf(year) 'Firm Pur,:hases Unit r:c,st Fa,-t.--,r(Fra,:tion)'
ri,:,:(pc,wer,year) 'Regional Interchange Capacity Ce,st (M$/YR/MW)'
touratio(se,-tc, r,load,season)'Ratio ,=,fTOU Rate to Average Price (Frac)'
wsratio(plant) 'Winter t,-,Summer Capacity Rati,.-:(Fra,:)'

These variables are set t,z,other values for the future:

O. 65:

iltpvr(year) 'Annual Rate f,z°rIn-Lieu-,z,f-Tax Payments (M$/yr)'
O. 5 :

opfr(plant,year) 'Fr.a,.-tional Year New Plant is Operational'
5. O:

ricci 'Regional Interchange Capacity C,-,ntract Length
(Yea r )'

(.3.05:

tdacgr(td,year) 'T&D Capital Additions Rate (Fra,ztion)'

Future values for these variables are' set equal tc, their last value in •
the historical calibration period:

,:al(plant,year) 'Constru°-_tion Delay (yrs)'
hrtm(plant,year) 'Marginal Heat Rate (Btu/kWh)'
i,:,,, fr (year) ' Inter,-hange Sales (c, ut ) Cost Fra,-.t ion ($/$) "
ii,:fr(year) 'InterchangePurchases (in) Cost Fraction ($/$)' V

ilgc(year) 'Interruptible Load Effective Gen. Capacity (MW)'
iltpr(year) 'Rate for In-Lieu-,-,f-Tax Payments (I/yr)'
iltps(year) 'Lump Sum In-Lieu-,-,f-Tax Payments (M$/yr)'
rand(fuel,year) 'Miscellaneous Ele,--tricity Demands excl. Commuter

Trains (GWh/yr)'
raps(plant,year) 'Minimum Plant Size (MW)'
mr (pl ant,year) 'Must Run Pl ant (MW)'
otga(year) 'Plant of Non-Electric Depts (MS)'
pedc(,-lass,year) 'Real Ele,.-t. Delivery Chg. (mills/kWh)'
ri,-(power,year) 'Regional Inter,-hange Capacity (MW)'
sor(plant,s_.ason,year) 'S,-heduled Outage Rate (Fraction)'
uc,mc(plant,year) 'Unit O&M Costs (mills/kWh)'

Future values for these variables are set equal tc, their last value in
the historical calibratic, n period PLUS they are adjusted by yearly
inflat i,-,n:

fauc(year) 'Fed Allocation Pur,zhases Unit _Z:ost (mills/kWh)'
fpu,=(year) 'Firm Pur,-hases Unit C,=,st (mills/kWh)'
miscexp(year) 'Miscellane,z, us Expenses (MS)'
tdr.'c(td,year) 'T&D Capital Costs (S/MW)'
tdumc(td,year) 'Trans. & Dist. Unit O&M L-:ost ($/kW/yr)'

vsrv,:(year) 'Value of Servi,zes Cc,ntributed (M$/yr)'

Future values for these variables are trended fr,z,mhist,-,ri,:al values:

genpl (year) 'General Plant (MS)'
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wsd(regi,-,n,wsale,year) 'Wholesale Demand (MW/yr)'

Ire values for these variables are set equal to their average value
over the historical calibration perle,d:

dbfr(year) 'Fracti°-0n c,f Debt Interest Adjusted (Fra°:ti,-_n)'
dblm(year) 'Debt Max. Fra°-. of Total Capitalization'
dprsl(aa,year) 'Straight Line Depre,_iation Rate (I/yr)'
euopm(plant,year) 'Operatic, nal Mult.'
excap(plant,year) 'External Capacity (MW)'
facf_year) 'Fed Allocatic°n Pur,-hases Capacity Factor (Fra,:.)'
fagc(year) 'Fed Allocation Purchases Capacity (MW)'
fpcf(year) 'Firm Purchases Capa,-ity Fa,_-tor (Fra,:ti,.-,n)'
fpgc(year) 'Firm Purchases Capacity (MW)'
gca,.(plant,year) 'Plant Unit Capital Additic, ns (MS/MW)'
gccc(plant,year) 'Generation Capac. Capital Costs (S/kW)'
iipfr(seas,-,n,year) 'Interchange Purchases (,-_ut)P,-,wer Fracti,-,n (MW/MW)'
lc,pfr(season,year) 'interchange Sales (out) Power Fra,-tic,n (MW/MW)'
i,-,ther(year) _Income from Other Sour,zes (M$/yr)'
miscfr(year) 'Misc. Additic, ns to Gross Assets Fraction ($/$)'
mrpaf(plant,season,year) 'Must Run Plant Availability Fact,.-,r'
necrd(year) 'Net Earnings to Cert. Ratio Desired (DLESS)'
npdfac(plant,year) 'Net Peak Demand Fact,-,r (net peak/install, cap)'
omdif(year) 'O and M Split for O&M Expenses (O/O+M)'
opomcf(year) 'Other Power Op & Main Expenses (MS)'
otrevf(year) 'Other Revenues Fracti,:,n ($/GWH)'

(year) 'Purchase P,z,wer Wheel ing Charge (mills/kWh)'
r(year) 'Government Bonds Risk Premium (I/yr)'

ugaom(year) 'Unit General and Admin. O&M C,:,sts (mills/kWh)'
wsdem(wsale,year) 'Annual Maximum Demand for Sales (kW or kVA)'

Distribution values for this variable are calculated as the fra,.-tion ,-,f

sales to ultimate consumers divided by total sales; the transmissic0n
value is 1.0. Future values are the average c,f the historical peri,-,d
values:

fltdl(td,year) 'Fraction of Load Affected by T&D Losses'

Dispatch Order

The default dispatch order settings in COMPLEAT are shown below. You
may change the_e using the Define-Cc, nfigure-Order c,ption off c,f the
COMPLEAT Main Menu.

SPP I
Firm Purchases 2 _
Must Run Nuclear 3
Must Run HS Coal 4
Must Run LS Cc,al 5
Must Run Gen-1 6

st Run Gen-2 7
Run Oil & Gas 8

Must Run Hydro 9
Fed. Authority 10
Hydro Pur°:hases 11



Nuc iear i2
Nuclear Pur,-hases 13
LS Coal 14
HS Coal 15
Econ,:,my Pur,:hases 16
Hydr o 17
LS Ce,al Purchases 18
Other Generation-1 19
Gen-1 Purchases 20
Other Generation-2 21
Gen-2 Purchases •22
Oil & Gas 23

Interrupt ible Lc,ad 24
Spot Purchases 25
Pumped Hydro 26

Report _

Output reports from the simulatic, n runs may c,ffer greater detail than
is actually ,-al ,zul at ed by the model. Examples ,:,fsuch rep,:,rts in,zlude
'Detailed O&M Summary', 'Detailed Income Statement', 'Detailed Balance
Sheet' 'Detailed Utility Plant Summary' and c,thers, • ,

The added detail is provided for specific line items. These line items
are generally calculated on the basis of the same fraction ,0f the
applicable subtotal these line items represented historically, after
knc,wn items that ARE cal,:ulated by the model are subtracted c,ut. In
c,rder for the report totals tc, balance, a further adjustment may be
made to these "syntheti,: °° line items tc, make sure that all line items
properly tally.

Inspection of the report segment source ,:ode files (e.g., XREPORT.PRM_
will indicate where all such adjustments have been made.

Tentative 'Beta' Phase Tasks

These tasks remain from COMPLEAT's 'alpha' development phase. They are
tentative candidates for the 'beta' development phase. Advisc0r
comments ,on this list is sol i,-ited.

1. Complete integration c°f the decision tree ,:apability.

2. Incorporate HYPERSENS, and relate to decision tree ,:apability.

3. Add multi-attribute feature, again with possible evaluation link
with basic decision tree framewc, rk.

4. Revise COMPLEAT Users Manual.

5. Add least-cost supply curve data.

6. Add gas utility sect,mr.

7. Re-activate transportation sector, and make use user-selectable.
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8. Generalize and imprc,ve D!,:,t rc,utine, expanding to al low use of all
el variables.

Create "small" utility version, with units appropriately scaled
down.

I0. Add capability to set minimum debt service ratio, as a limit in
financial ,:alrulati,-,ns ,!,fthe model.

II. Improve subdirectory management scheme; add faster 'pack' and
'unpa,zk' feature for ,-ompressing data files.

12. C,:,mplete the in,_-c,rp,z,ration 0-°fthe plan and Lincertainty c,ptions
under the Scenario ce,remand.

13. Put in multiple prc,ductic, n ,:,:,stingmethods, or Find way to use
prc,du,zti,z,n,:,:,sting model r0utput in COMPLEAT's 0:alibration routine.

14. Prr,vide for different vintaging of ,:,:,nservat i,.-,nmeasures versus
nc0rmal end uses.

15. Add square f,z,ltage 'driver' as a means ,=,fanalyzing the ,=,-°mmercial

16. Expand treatment of weather.

In,-lude population as a 'driver' f,:,rthe macroe,zonomy segment.

Include simple 'death spiral' demo with graphics tc, depict system
dynamics approach.

19. Add reference hc,urly load turves tr, better capture hourly effects
,0f load management, peak resour,:es, etc.

20. Dr,cument all model variables tc, identify specifi, = line in the Ft,rra
412 or FERC ac0zount number from whi,zh the values are obtained.

21. Remove need to recompile DHISTI.PRM, BHIST2.PRM, and !3HISTORY.F'RM
segments after historical electric utility information is entered
before a ralibration may be run.

_. Separate treatment of retrofit rc,nservatic, n measures from those ,-,n
new buildings.

23. Add generic interpolate/extrapc01ate r,z,utines to the DEMAND,
MECONOMY and SUPPLY segments for qui,zk updating of a new year's 'base
,:ase' .

24. Improve treatment of current and planned r,_nstruction ,of new
gener at i,on.

Complete the generalization shown in the EUTILITY segment for the
IND, SUPPLY and MECONOMY segments.



Model "Attra,:tors'°

As a system dynamics model, C:OMPLEAT has many non-linear
,:hara,:teristics. In non-linear models, sometimes ,:ailed "cha,:,tic"
models, certain variables a,:t as "attractors", or oscillati,:,n points
for the mc,del's behavic, r.

C:hanges in values for these "attra,:tor" variables have a major impact
c,n the model's results.

Experience with the engine used t,:,build C:OMPLEAT, the Energy 2(')20
model, has sh,:,wn changes in these variables to have the largest impa,:t
on simulation results:

o Reserve margin (this variable appears to have the largest
ef fe,:t)

o Economic grc,wth rate

,:, Inflation rate

o Minimum plant size

o Generation unit ,:onstructi,:,n time

o Oil and gas prices

You may want to keep these variables in mincJ as you test COMPLEAT.

Next Advise, rs Meetinq

Given the delays in getting this 'alpha' version °0f COMPLEAT ready for
review, it would be both unfair and imprudent to prematurely scl_edule
an advisory meet ing. Because of the project's limited resources,
adequate review must occur before priorities are given to the remaining
tasks.

Each advis_,r ~_ be contacted about four weeks after receipt of the
software to determine how much progress has been made in review. At
that point, a definitive date for the project advisory meeting will be
scheduled.

The current intent is to allow at least I(')weeks in total review time

AFTER receipt of the 'alpha' version of COMPLEAT. If, after contacting
the advisors, it is apparent more testing time is necessary, then the
project advisory meeting will be scheduled appropriately.

If, however, the 10 week reviev schedule ,:an be maintained, the next
advisors meeting would likely occur in early December.

All project tasks stipulated in the prc,posal to DOE must be completed
by April, 1990.



Fc,r Further Assistance

Bergman has been responsible for the design, development and.
ng of the 'alpha' version of COMPLEAT.

YOL| are welcomed and en,:ouraged t°:,c°:,nta,:tMike with any questions °:,r
problems you have with use ,:,fCOMPLEAT. An improved final prc,du,:t that
will effectively meet needs requires input and cr_ti,:ism. Give it.

Pri,:,r b,:,3ct,:,ber 10, y,:,umay rea,:h Mike at:

Instar Community Systems, In,:.
6696 32hd Pl ace, NW

Washingtc, n, DC 20(:I15
202/686-4239

Mike will be unavailable from Oct,z,ber II to O,:tober 26. After that, he
may be reached at:

Instar Community Systems, In,:.
357 Skyline Drive

Hamilton, MT 59840
4('_6/363-6614

Ali requests for ass ist an,-e will be answered as quickly as possible.
Sin,'e Mike's eff,z,rts ,:,nthis represent unbilled time, however, please
understand that: I) billable projects receive priority for his time;

_') if a long phone ,:all is necess._ry, try tc, make sure the buik ,-ofa_D

on yc,ur dime.

Requests for assistance involving the software itself are best placed
when you have ac,:ess to the °:omputer keyboard.
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MEETING REPORT

COMPLEAT Advisory Meeting.

Seattle City Light
May 1, 1990

, The final COMPLEAT project advisorymeeting was held May i,
1990 at the offices of Seattle (Wash.) City Light. In attendance
were=

George Backus, Policy Assessment Corp.
Michael K. Bergman, Instar Community Systems, Inc.
Terry Bundy, Lincoln (Neb.) Electric System
Dave Christiano, City Utilities of Springfield, Mo.
Ted Coates, Seattle (Wash.) City Light
Clarence Council, Western Area Power Administration

Fred Fletcher, Burbank (Calif.) Public Service
Andrew Ford, University of Southern California
George E. Juras, PROMULA Development Corp.

O Chris Knievel, Lincoln (Neb.) Electric System _Diane Kozlowski, Wisconsin Public Po._er Inc. System
Daniel Lewis, American Public Power Association

Malcolm Macdonald, Seattle (Wash.) City Light
Gerald Steffens, Southern Minnesota MunicipalPower

Agency

Paul Steinback, Seattle (Wash.) City Light
Charles Underhill, Vermont Public Power Supply

Authority

The agenda for the meeting is shown on Attachment A.

OVERVIEW

DOE and APPA have jointly determined that the results of the
Seattle advisory meeting and a final report will conclude the
obligations under DOE's LCUP grant. Unfortuantely, due to a
recent reorganization, no DOE personnel were able to attend.

The objectives for the meeting were to=

i Obtain advisory review comments on the"alpha" COMPLEAT
software and manual;

[] Present and discuss the enhancements made to the model

O , was released in October 1989;
since the alpha version

I



J Set priorities for COMPLEAT's possible future revisions
and enhancements; and

m Solicit the advisors' views on the desirability and
form of future means for supporting and promoting
COMPLEAT.

These objectives were partially fulfilled during the meeting.
i!

Since the function of the meeting was advisory only in
nature, no firm conclusions were reached.

However, in general, some of the advisors found the software
"overwhelming" and difficult to comprehend, The added menuing
system and manual were felt to be steps in the right direction,
but additional "fail-safe" procedures and user guidance were
needed. Those who had been seriously testing the model were not
yet able to draw conclusions or to validate the model. SCL and
VPPSA annouced their intention to continue with COMPLEAT's '
validation.

All advisors expressed support for the idea of forming a
user's group. Most expressed their desire for APPA to continue
to play a lead role in COMPLEAT's ongoing development and sup-
port. Due to staff and resource limitations, though, APPA felt
it was unable to assume that role,

In summary, the "alpha" version o_ COMPLEAT was given an
incomplete.

'ALPHA' REVIEW COMMENTS

A listing of the 'alpha' COP[PLEAT developments was circular'
ed at the meeting as a means of focussing review comments. This
list is offered as Attachment B.

Most substantive review comments were provided by LES, which
had devoted significant effort during the past few months in
loading their system-specific information into COMPLEAT and
calibrating the model. Successful calibration had only recently
been achieved, however, and anomalous results for their future
simulations, especially in electricity prices, had been obtained.
For a valid test, proper future assignments and an updating of
the historical calibration base to 1988 or 1989 were noted as

essential. Due to upcoming staff commitments in a Nebraska
state-wide study, LES is unable to continue testing at this time.
Overall, LES assigned a grade of "incomplete" to COMPLEAT.

Additional advisor comments were received and recorded. A

preliminary setting of priorities was made. This listing of

priority enhancements is reproduced as Attachment C.

2



Priority revisions included being able to flag essential
data inputs and requirements and to provide better guidance to
users as to how to work with the model effectively. Additional
revisions included improving the standalone decision tree capa-
bilities and to ensure better "fail-safe" operation of the model.

FUTURE SUPPORT OP_IONS

The three key desires that emerged from the discussion of
future support were toz I) keep support prices low and continue
to provide source code with COMPLEAT; 2) form a user's group; and
3) keep APPA in a central position with respect to ongoing
support, maintenance and development.

The latter desire, however, was not likely from APPA's
standpoint due to staff and resource limitations. APPA did offer
continued moral support and occasional publicity for the model.
APPA expressed the desire for COMPLEAT to continue to be devel-
oped and supported. APPA was pleased with the significant
progress that had been made on the project to date.

Various support options from none to full-blown licensing
and fees were discussed. Some of the possible support options
and pricing were presented and are reproduced as Attachment D,
Because the intent of the discussion was advisory in nature and
because COMPLEAT had not yet had a "success story" developed
around it, no support conclusions were reached.

Plans for a September ENERGY 2020/COMPLEAT Users Conference
were presented. It was hoped an ade_aate success story on
COMPLEAT could be developed by that time.

In any case, the "alpha" version of COMPLEAT and its manual
aI:e public domain products and may be circulated to any party a_
any time. While not specifically discussed, this responsibility
would be that of either APPA or DOE.

POSSIBLE ENHANCEMENTS

A listing of ongoing and contemplated enhancements to
COMPLEAT was circulated to the advisors and is offered as Attach-

ment E. Due to time limitations, this list was not fully pre-
sented nor were any priorities set.

Yet many of the enhancements were already identified in the
review comments. Until such time as the review comments were

addressed, it was premature to discuss additional enhancements.

The meeting adjourned with thanks expressed to all advisors
for their efforts.
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A_:tachment A

Final Aaenda

APPA'sCOMPLEAT
PROJECT ADVISORYMEETING

T_.,.. May_I. 19g0 ' '

8:30 a.m. Welcome Malcolm ("Mac")J, Macdonald
Deputy Superintendent

and
Ted Coates

' Director, Energy Resources
Planningand Forecasting

' Seattle City Light

8:40 a.m. Self-Introductionsand Reviewof Agenda Dan Lewis
Director of Technical Services
APPA

8:45 a.m. Recent APPA and DOE Discussions Dan Lewis

9:00 a.m. Summary of Events Since Last Meeting MichaelK. Bergman
President
Instar CommunitySystems, Inc.

9:20 a.m. Reviewof COMPLEAT's Alpha Release AliAdvisors

10:15 a.m. BREAK

10:30 a.m. Review(cont)

11:15 a.m. Summary of Alpha ReviewComments Mike Bergman
facilitator

11:55 a.m. PriorityRevisions

12 noon LUNCH

1:00 p.m. Recent COMPLEAT Enhancementsand Dr. George A. Backus
Ongoing Development President

O Policy Assessment Corp.

4



2:30 p.m. BREAK

2:45 p.m. Dtsc_ of Future Support Options AliAdvisors
(M. Bergman facilitate)

4:15 p.m. PrioritySetting for FUtureEnharcements AliAdvisors
(M. Bergman facilitate)

5:00 p.m. ADJOURN

May

8:30 a.m. POWRTRANAdvisorsMeeting POWhTRAN Advisors/AliInter-
ested COMPLEAT Advisors

OR

* * MeetingOpenedUp to InvitedPkannonBandIntore6tecmSeattleC,ityLightStaff**
(=pam mont_and==moonprogram=)

8:30 a.m. COMPLEAT Tutorialand Dr, George Backus
Hands-On Discussions PolicyAssessment Corp,

(Aliintere._ed individuals
invited) Michael K. Bergman

Instar Community Systems

11:30 a.m. LUNCH

12:45 p,m, Welcome aP_ $elf-lntroductlons Ted Coates
Director,
Energy Resources

Planningand Forecasting

1:00 p.m. Overviewof SCL's Current Energy Ted Coates
Resource PlanningActivities

1:15 p.m. Challenges and New Directionsinthe Michael K. Bergman,
PlanningIssues-ToolsInterface moderator

Pane!is!.s

Dr,George Backus
Policy AssessmentCorp.

Milan ('Casey") Brace
Puget Sound Power and Light

Mike Bull
BonnevillePower Administration



Dr. Andrew Ford
Universityof Southem Califomia

2:00 p.m. Questions& Answem

2:15 p.m. BREAK

2:30 p.m. Issues-Modeling Forum AliAttendees

4:15 p.m. ADJOURN



Attachment B
+ S/1/90

,

COMPLEAT

!,loha" Test Revisions

l Designed and implemented a completely new user-interface.
This interface includes a revamped menuing system; standard
data entry with validity checks; internal consistency '
amongst model segments in their lookand feel; and standard-
ized access of variable lists and use of edit menus;

U Upgraded the basic Energy 2020 engine to run on PROMULA
version 1.31, and then 1.32 and 1.34, with consequent error-
trapping and debugging of PROMULA itself;

m Generalized the use of years in the model, allowing
user-defined periods rather than fixed periods as in the
original engine. A consequence of this generalization was
the elimination of scores of "initialization" variables used

in the older version to provide the model's start-up values;

• Designed and added an entirely newscheme for selecting and
managing user-defined scenarios based on retrieval of pre-
defined options from lists; included the use of a scenario
,header"to provide better documentation and tracking capa-
bilities;

• Developed user-selectable procedures for activating or not
major model segments;

• Expanded the number of resources that can be dispatched from
12 to 26; added the capability for user to define dispatch
order or to base on unit variable costs;

• Split the treatment of T&D into separate distribution and
transmission capabilities, and enhanced the sophistication
of all T&D treatment;

• Revised the financial accounting framework to provide for
municipal practices and in-lieu-of-tax payments;

• Augmented substantially the entire treatment of wholesale
power transactions; added federal allocation and contracted
regional interchange; split wholesale power categories into
firm, economy, requirements, interchange and spot;



m Generalized0utput Capabilities to allow all reports or
variables to be written to a user-definable text file,
printer or screen;

m Developed a framework for. listsof standardizedreports and
wrote about 35 such reports, including those reflecting the

Form 412; placeholders for additionalreports ar_ in-place;

m Added decision tree capabilities to the model (though final
integration awaits the 'beta' phase);

m Expanded the treatment of generating plant types from five
to seven; designed user-definable designations for plant
types; expanded plant characterizations to reflect detail in
Form 412; allowed each plant type to be designated as 'must.
run" or not or both; distinguished between new plant addi-
tions and improvements to existing plant;

m Completedcomprehensive on-line help system;

m Generalized definition and treatment of thefive-season
capabilitiesin the model suitable to either winter- or
summer-peaking utilities; seasons are now totally user-
defined and -labelable;

m Improved treatmentof hydro.generation to accommodate ponded
orrun-of-river alternatives; use of hydro as peaking units;
hydro output capacities.above nameplate, ratings (the latter
applied toall plant types);

m Created a self-consistent default case using Seattle City
Light data available from public sources; validated, cali-
brated, and simulated same;

m Drafted users manual employing unique "mode" approach to
reflect_ the different sophistication of users depending on
their degree of familiarity with the model and their intend-
ed use;

m Provided routines for users to supply their own descriptors
for all of the sets used in the model; descriptors now
appear on all reports and edit menus;

m Established main configuration database such that all
user-defined values for descriptors, configuration settings,
global variables, year periods, and model execution switches
can be recalled for later use;

i Defined procedures and data input routines for splitting
fixed and variable O&M for generating plants;

• Standardized calibration procedures amongst model segments;
provided capability to calibrete all sectors as, a single
routine:



• Coded framework for incorporating state-level data files to
reduce model implementation time; obtained relevant state-
level data on disk (full incorporation of said databases
awaits the 'beta' phase);

• Coded framework for incorporating least-cost supply curves
(full incorporation awaits the 'beta' phase);

• Implemented data file and scenario management capabilities

through generalized 'load' and 'file' routines; provided
capability for regular orcompressed data files;

• Added a generalized 'view' capability wherein all model
variables may be accessed for viewing, printing or writing
to file; began implementation of. generalized plotting capa-
bility;

• Created installation routines; and

• Cleaned-up and standardized syntax conventions for all model
source code.



Attac....hmentC

COMPLEATAdvisors ReviewComments

NOTE- The number in parantheses after each item indicates the
number of votes received; SCL and VPPSA in paranthese s indicates
item desired by those utilities

• Flag abso!ute data entry requirements (6)

• Ability to use the decision tree capabilities independently
(6)

• Add/improve/refine treatment of dispatch and part ownership
of plants, including must run definitions (4)

• Review model operation to provide "fail-safe" procedures as
necessary, i.e., the "rubber room" (4)

• Provide assistance guidelines in manual for how to handle
data gaps (3)

• Clarify/improve how capacity expansion assigments are han-
dled in the model, e.g., GCFR (3)

• Provide direct access to procedures and menu by-pass (3)

• Offer printer set-up menu, including ability to print in
compressed mode (3)

• Expand treatment of pumped storage costs (2)

• Automatically produce graphed values when outliers occur (2)

• Make sure alldata entry procedures with cross-checks allow
the user to bypass the year-by-year sequence (2)

• Include easy back-up procedures (2)

• Offer empirical guidance for the amounts of time data re-
quired for calibration (2)

l Eliminate or automate need to recompile history files after
electric sales data entry (2)

m Provide intelligence on whether calibration is likely to
converge (2)

• Incorporate user-specific state-level data files (VPPPSA)
(2)

• Allow user to select number of seasons (2)



m Improve "zero out" procedure to clear service area-specific
information when creating base case (VPPSA) (I)

I Add multi-attribute capability (SCL) (1)

II Add "total" function to edit and browse variables where

appropriate (_)

m Establish absolute correspondence between year assignment
and set placeholder (VPPSA) (I)

m Add more years to set definition (I)

m Offer guidance in the manual/on-screen on how to create new
scenario options (VPPSA) (1)

m Better clarify definition of what is transmission, distribu-
tion (i)

m Distinguish between plant-specific fuel costs and average
fuel costs (1)

m Clarify terminology on plant types; make sure user assign-
ments do not impact calculation procedures, e.g., hydro (1)

m Offer new way to look at accounting, e.g., the "business
instrument panel" (i)

i Disaggregate treatment of firm power (VPPSA) (i)

m Provide for more than one category of federal power (I)

m Offer user messages on calibration status (i)

m Include index, section on commands in manual (i)

m Provide manual on disk (i)

I Make F1 the help key (1)

I Expand treatment of debt service coverage (i)

m Include purchase power as a line item on O&M charts (I)

III Change order of data entry to provide for LOAD-SALES=LOSSES
check (i)

m Change way Load and File routines recognize and store subdl-
rectories, i.e., DO IF SURDIRECTORY (1)

m Identify third-party mechanisms for maintaining version
control, e.g., POLYTRON (1)

i Allow users to set "step" switch during calibration when



debugging

m Offer manual guidance on treatment of historical changes in
definition of fiscal years

a Ensure all dispatch categories can be handled through unit
variable cost dispatch

m Expand tax treatment to include property, gross revenueand
FICA/payroll

m Offer better demand reports

m Offer manual guidance for when demand and loss data may be
missing

m Allow power to be "dumped" under certain conditions

m Eliminate problem of being kicked into PROMULAwhen an
inactive segment is chosen

m Implement procedures for in-lieu-of-tax payments for the
future

m Improve/clarify treatment of nuclear fuel when nuke is not
an asset (e.g_, part ownership)

• Improve treatment of participation power, esp. in the calcu-

lation of average demand

[] Distinguish between run-of-river and ponding for hydro
plants

[] Offer cross-references in manual to technical documentation,
PROMULA

• Enable users to define units for variables

• Improve file pack routines

• Add "null value" capabilities using NA, NS, ND, ERR

• Expand sizes of plant and dispatch sets, or allow user to
define size

• Allow printing of help files
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Attachment D
5/I/90

COMPLEAT
Communlty-OrlentedModelfor Ptannlng

Least-CostEnergy_ andTe_n(_giee

Su.DportO.Dtions

A. O ectives

[] TO manage and continue to refine COMPLEAT's capabilities so
as to provide a valid and usable framework for analyzing
current and future problems in integrated resource planning

+ [] To enable COMPLEAT's users tO employ it8 capabilities in the
best and most cost-effective manner appropriate to each user

m To provide equitable compensation to COMPLEAT's developers
to the extent their support services are used or required

B. AlternativeApproaches
t

e i. Establish a self-funded COMPLEAT Users Group to contract outbasic support services, set priorities for and fund ongoing
development, and provide mechanisms for sharinginformation
and experiences amongst members (the "Users Group" alterna-
tive)

2. License COMPLEAT (probably after revisions) with an annual
fee structure sufficient to cover basic support services and
the provision of ongoing revisions; additional requirements+
would be dealt with separately (the "Product License" alter-
native)

3. Keep COMPLEAT as a public domain product. Authorize Instar-
/PAC as support entities with various packages of support
options offered under standard pricing (see C and D below)
(the"Authorized Dealer" alternative)

4. Keep the current version of COMPLEAT as a public domain
product with no provision for support or futurerevisions
(the "Public Domain" alternative)

5. Instar/PAC develop an improved, proprietary version for
which the support, licensing, ongoing development and pric-
ing decisions are solely at their discretion (the "Free
Market" alternative)

6. ????? (the "Alternative" alternative)



C. Suppo Options

The options below are listed _n rough order of ascendin_ support
effort and cost:

m User Newsletter -- c_arterly (?) forum for sharing new
developments, applications, user enhancements, etc.

B Users _conference -- annual conference, similar to or com-
bined with the current ENERGY 2020 Conference

U Phone Support -- a set period of hours available from
COMPLEAT'sdevelopers for phone assistance

a Hands-On Training -- group training sessions or, more expen-
sively, sessions onsite with individual users

B Calibration - configuring and calibrating the model for
individual users

m Data Development an___ddCalibration -- not all users may have
the requisite data

i Model Modification -- modifying existing COMPLEAT capabili-
ties to address individual user requirements

i Model Extension -- adding new modules or significant new
capabilities to COMPLEAT W

D. Pricing/Bundlingof Services

A number of discrete support packages can be envisioned, depend-
ing on individual user requirements. Again, in rough hierarchy
of price, these packages and tentative price ranges are:

Packaqe A-- Minimal S,u,pport

Provision of quarterly newsletter, access to updates and
revisions, anda minimal level of phone support (i0 hfs max)

PRICE: $1,500

Package B -- Basic Configuration and Calibration

Package A plus additional phone support hours and delivery
of a fully configured and calibrated model for the individu-
al user (requires sufficient in-house data)

PRICE: $7,500



Package C ....Enhanced Configuration and Calibration
!

Package B P_!B_ addition._l phone support hours and two on-
site visits, one for briefing or staff/management tutorial
and one for staff training (or combinations thereof)

PRICE: $12,000

Package D --Data_Development

As an add-on to Packages B or C, developing or reconciling
inconsistent data or_forecasts

PRICE: $2,000. to _$7,500

Package E -- Analysis and Reporting

As an add-on to Packages B, C or D, development of an annual
plan including three or four user-definable scenarios and
resulting report with executive summary

PRICE: $5,000 to $i0,000

O
Package F -- Complete Support Package

Packages C, D and E, plus one year of unlimited phone sup-
port and minor model modifications

PRICE: $15,000 to $25,000

Package X -- Model Modifications/Extensions

AS defined by the user

PRICE: $75 to $85 per hour



Attachment E ,,
5/1/90

COMPLEAT
Lmmt-Coot_y _ andT_d'_ologkm

Enhancements

NOTE: Versions 2.0 Of COMPLEAT and ENERGY 2020 are currently
under development. Theintent is that both models will Converge
in terms of source code and capabilities. The separate names
will be maintained, however, to retain continuity with their
respective markets.

A. Completedand Ongoing

1. Creating a standalone state-level data base for providing
much of the necessary input data for COMPLEAT. Data would
be loaded for each individual user prior to distribution.
Data bases that are included: _ SEDS, Census, Census of
Manufacturers, EPRI End Uses Fuel Use and Prices, Gross

O State Product.
2. Upgrading COMPLEAT to PROMULA 2.01.

3. Creating a end-use technology data base that will allow the

user to select either: I) consumer-preference curves; 2)
market share curves; or 3) least-cost curves.

4. Developing chronological production costing module for
COMPLEAT.

5. Incorporating internal econometric forecast for automatical-

ly producing sales or peak demand forecasts in the capacity
Jxpansion routine.

6. Created a separately available module for analyzing pollu-
tion, with the ability to model up to 8 (?) different pol-
lutants.

7. Making structural changes to COMPLEAT to= i) better sepa-
rate the data bases and creation from the ],_odel's engines;
2) eliminating the need to recompile after adding ali input
values; 3) expanding the model's files and establishing
parallel structures for all segments (including adding the
new ELECTRIC segment features to the other segments). In

O essence, these structural changes are moving towards object-oriented programming (OOPs) with separate engines for menus,
data bases, input/data validation, reports, on-line help,etc.



8. Developed more flexible and user-definable procedures for
turning on COMPLEAT's model segments and for selecting and
turning on alternative calculation procedures.

9. Incorporated SPIRAL demo.

I0. Improving menuing system to include pull-down menus and the
"tiling" of menus (which helps show where you are in the
model).

11. Incorporating conversions and retrofits exp!_citlY using
"maximum likelihood estimators" (similar to EPRI's REEPS
program).

12. Adding generic plot routines that would allow any data base
variable to be plotted against other variables as selectable
from lists by the user.

13. Added multi-attribute capabilities to the dispatch routine.

14. Adding a generalized front- and back-end to COMPLEAT that
allows multi-attribute evaluation of simulations.

15. Changing the units used in the DEMAND segment to real ex-
pressions (such as energy use per device) rather than the
Btu/Btu units currently used.

16. Developing a "future value assignments" routine that allows
the user to pick from a number of assignment options (i.e.,
last year's value, average over history, trended, user-
defined) in setting the base case simulation values.

17. Changing the calibration algorithm in the DEMAND and ELEC-
TRIC segments using the Newton-Raphson method as opposed to
the current relaxation method; execution speed increases of
20x anticipated.

18. Added HYPERSENS interface routine; matrix inversion capabil-
ities in PROMULA necessary before full incorporation.

19. Improving the treatment of rates in the model to reflect
alternative accounting and allocation methods.

20. Revising the way in which asset accounts are done in the
ELECTRIC segment that is simpler and providesbetter one-to-
one correspondence to real world accounting.

21. Added capability to handle an unlimited number of user-
definable end uses in the model; natural gas cars and elec-

tric vehicles already added.

22. Completing integration of the decision tree capability.



23. Completing the incorporation of the 'Plan' an_ 'Uncertainty'
options under the Scenario command.

i
i

24. Improving treatment of current and planned construction of
new generation.

25. Updating COl[PLEAT manual.

B. Contemplated

,1. Complete convergence between CO_LEAT and ENERGY 2020.

2. User-defined capabilities forthe import and export of flat
files.

3. As part of the model setup and configuration, allow the
users to convert variables to any units desired (such as
$i,000 vs. $i,000,000).

4. Sophisticated capacity expansion routines, perhaps with
user-defined choices as to production costing method.

5. Advanced rate design capabilities.

6. Formally integrating the multi-attribute, HYPERSENS and
decision tree capabilities.

7. An external optimization routine that completely surrounds
the existing dynamic routines.

8. Add square footage 'driver' as a means of inputting data/_n-
alyzing the co_lercial sector.

9. Expand treatment of weather, including effects on stream
flow for hydro resources_ 0

10. Include population as a 'driver' for the macroeconomy seg-
ment.

11. Add reference hourly load curves tobetter capture hourly
effects of load management, peak resources, etc.

12. Add graphics to the SPIRAL demo.

13. Add generic interp01ate/extrapolate routines to the DEMAND,
MECONOMY and SUPPLY segments for quick updating of a new
year's 'base case'.

14. Improve subdirectory management scheme; add faster 'pack'
and 'unpack' feature for compressing data files.



COMPLEAT
Ljmt-co_,Enugy_ _r_Teomo_a

"Alpha" Test Revisions

m Designed and implemented a completely new user-interface.
This interface includes a revamped menuing system; standard
da_a entry with validity checks; internal consistency
amongst model segments in their look and feel; and standard-
ized access of variable lists and use of edit menus;

m Upgraded the basic Energy 2020 engine to run on PROMULA/
version 1.31, and then 1.32 and 1.34, with consequent error-
trapping and debugging of PROMULA itself;

m Generalized the use of years in the model, allowing
user-defined periods rather than fixed periods as in the
original engine. A consequence of this generalization was
the elimination of scores Of "initialization" variables used

in the older version to provide the model's start-up values;

B Designed and added an entirely new scheme for selecting and
managing user-defined scenarios based on retrieval of pre-
defined options from lists; included the use of a scenario
"header" to provide better documentation and tracking capa-
bilities;

m Developed user-selectable procedures for activating or not
major model segments;

B Expanded the number' of resources thatcan be dispatched from
12 to 26; added uhe capability for user to define dispatch
order or to base on unit variable costs;

B Split the treatment of T&D into separate distribution and
transmission capabilities, and enhanced the sophistication
of all T&D treatment;

m Revised the financial accounting framework to provide for
municipal practices and in-lieu-of-tax payments;

m Augmented substantially the entire treatment of wholesale
power transactions; added federal allocation and contractad

regional interchange; split wholesale power categories into
firm, economy, requirements, interchange and spot;

m Generalized output capabilities to allow all reports or
variables to be written to a user-definable text file,
printer or screen;



J

m Developed a framework, for lists of standardized reports and
wrote about 35 such reports, including those reflecting the
Form 412; placeholders for additional reports are in-piace;

m Added decision tree capabilitiesto the model (though final
integranion awaits the 'beta' phase);

m Expanded the treatment of generating plant types from five
to seven; designed user-definable designations for plant
types; expanded plant characterizations to reflect detail in
Form 412; allowed each plant type to be designated as 'must'

,. run' or not or both; distinguished between new plant addi-
tions and improvements to existing plant;

m Completed comprehensive on-line help system;

m Generalized definition and treatment of the five-season

capabil_ties in the model suitable to either winter- or

summer-peakingutilities; seasons are now totally user-
defined and -labelable;

l Improved treatment of hydro generation to accommodate ponded
or run-of-river alternatives; use of hydro as peaking units;
hydro output capacities, above nameplate ratings (the latter
applied to all plant types);

l Created a self-consistent default case using Seattle City
Light data available from public sources; validated, cali-
brated, and simulated same;

m Drafted users manual employing unique"mode" approach to
reflect the different sophistication of users depending on
their degree of familiarity with the model and their intend-
ed use;

m Provided routines for users to supply their own descriptors
for all of the sets used in the model; descriptors now
appear on all reports and edit menus;

m Established main configuration database such that all
user-defined values for descriptors, configuration settings,
global variables, year periods, and model execution switches
can be recalled for later use;

m Defined procedures and data input routines for splitting
fixed and variable O&M for generating plants;

m Standardized calibration procedures amongst model ,segments;
provided capability to calibrate all sectors as a single
routine;

m Coded framework for incorporating state-level data files to
reduce model implementation time; obtained relevant state-
level data on disk (full incorporation of said databases



awaits the 'beta' phase);

• Coded framework for incorporating least-cost supply curves
(full incorporation awaits the 'beta' phase);

[] Implemented data file and scenario management capabilities
through generalize d 'load' and 'file' routines; provided

capability for regular or compressed data files;

• Added a generalized 'view' capability wherein all model
variables maybe accessed for viewing, printing or writing
to file; began implementation of generalized plotting capa-
bility;

• Created installation routines; and

• Cleaned-up and standardized syntax conventions for all model
source code.
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A. Objectives

i To manage and continue to refine COMPLEAT's capabilities so
as to provide a+valid and usable framework for.analyzing
current and future problems in integrated resource planning

B To.enable COMPLEAT's users to employ its capabilities in the
best and most cost-effective mannerappropriate to each user

m To .provide equitab[ecompensation.to COMPLEAT's develo ers
to the extent their support services are used or requi_ed

,B. Alternative Approaches

i. Establish a self-funded COMPLEAT .Users Group to contract out
basic support services, set priorities for and fund ongoing
development, and provide mechanisms for sharing information
and experiences amongst members (the "Users Group" alterna-
tive)

2. License COMPLEAT (probably after revisions) with an annual
fee structure sufficient to cover basic support services and
the provision of ongoing revisions; additional requirements
would be dealt with separately (the"Product License" alter-
native)

3. Keep COMPLEAT as a public domain product. Authorize Instar-
/PAC as support entities with various packages of support
options offered under standard pricing (see C and D below)
(the "Authorized Dealer"alternative)

4. Keep the current version of COMPLEAT as a public domain
product with no provision for support or future revisions
(the "Public Domain" alternative)

5. Instar/PAC develop an improved, proprietary version for
which the support, licensing, ongoing development and pric-
ing decisions are solely at their discretion (the "Free
Market" alternative)

O 6. ????? (the "Alternative" alternative)L



C. Support Options

The options below are lasted in rough order of ascendina support
effort and cos_.-

m User Newsletter -- quarterly (?) forum for sharing new
developments, applications, user enhancements, etc.

• Users Conference -- annual conference, similar to or com-
bined with the current ENERGY 2020 Conference

• Phone Support -- a set period of hours available from
COMPLEAT's developers for phone assistance

• Hands-On Training -- group training sessions or, more expen-
sively, sessions onsite with individual users

• Calibration-- configuring and calibrating the model for
individual users

• Data Development an___dCalibration -- not all users may have
the requisite data

• Model Modification -- modifying existing COMPLEAT capabili-
ties to address individual user requirements

• Model Extension -- adding new modules or significant new
capabilities to COMPLEAT

D. Pricing/Bundling of Services

A number of discrete support packages can be envisioned, depend-
ing on individual user requirements. Again, in rough hierarchy
of price, these package_ and tentative price ranges are=

94ckaqe A-- ._i_nal _;UDDOrt

Provision of quarterly newsletter, access to updates and
revisions, and a minimal level of phone support (10 hrs max)

PRICE: $1,500

Packaqe B -- Basic Confiquration and Calibration

Package A plus additional phone support hours and delivery
of a fully configured and calibrated model for the individu-
al user (requires sufficient in-house data)

PRICE: $7,500






