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* ABSTRACT, it is clear tnat the new alternatives can exert

important influences on system behavior. There-tore,
This paper develops mouels for predicting the Key questions facing analysts and plcnners are: whi ch
.effects of energy nanagenent technologies on two of the alteri.«iives arc beet? wnich of them are npst
inp5rtant system attributes - production cost ana the deserving of further consideration, lield testing and
load shape seen by central generation. The nodel s can eventual full scale deployment?
inexude arbitrary ai xes of central generation, .
di spersed generation, central storage and dispersed Work on assessnent and inpact methodol ogies (see,
st or age, botn direct and indirect control strategies for i nstance [Cl-[10]) has t ended to be
I'or icaa aronageraent can be accommpdat ed, facilities alternative-specific or lacning in detail. in this
I'or including the effects of load rebound - tne dynam c paper we will seek to develop a set of nodels in the
response ot a loaa to direct control strategies - are m ddl e ground - nodels that can accommodate a wide
provided. The models are built around a Transportation range of alternatives with enough attention to detail
Al goritlun. This makes them efficient enough to use to preserve the effects of inportant phenonmena. The
interactively. . Objective is to provide the neans with wnich to assess
and conpare the inpacts of arbitrary m xes of .
structural ana operating alternatives. The attrioutes
used will be production cost and |oad snape (as seen by
system conponents and especially, central generation).
| NThUBUCTI UH Incsc attributes are the principal indicators of an
alternative's economc inpacts. This subject will be
Loi ergi ng ener gy, control and comuni cati on dealt with further in t he next section. Subsequent
technol ogies are expanding the range of the structural sections will describe the nodels and their usage.
cr.a operational alternatives availaole to power system
pl anners [1]. The new structural alternatives span the
use of dispersed storage (e.qg. batteries and
residential thermal stores), dispersed generation (e.g.
wi ndnills, smal | hyaro wunits and solar heaters), PnUDUCTI QH £Q.SILILE -
cogeneration (the use of residual heat from electricity SOME PRELI KI NnHY. .CONCI.PXS : :
production lor processes such as petroleum refining and
cpartotent building heating) and an extended set of In this section we will show that the concepts of
central storage options (e.g. conpressed air and production costing in conventional networks can be
batteries). applied, without change, to networks  containing
significant anmount s of storage and di spersed
tor cacn structural alternative there is a generation. The purposes of this denpnstration “re to
mil titude of operational alternatives belonging to two delineate the problem to be tackled in subsequent
maj or classes - direct control and indirect control. sections, point out its inportance and identify the
The fornmer covers strategies in which the utility underlying assunptions.
directly adjusts energy flows (e.g. the interruption
of supply to water heaters during peak periods); the Consider the problem of optimlly expanding a
letter covers  strategies tnat offer custoners network with additions of central and dispersed
incentives to adopt desirable usage patterns. An generation as well as central and dispersed storage.
exanple of an indirtct strategy is tine-of-day pricing In form this problemis sinmilar to the conventional
to discourage demand during peak periods. generati on- expansi on- probl tm ~ (whi ch consi ders only
seditions of central generation). In fact, bot h
We will reftr to the conbination of a structural problems can be stated as:
and ai operating alternative as an energy management
alternative* or Just an "alternative", for snort. Ve M ni mum ¢{1,2} (|)
note thaVsuch alternatives span both the ranges of - i,e
activity that are referred to as |oad management and
supply managenment in the emerging Jargon [21]. subject to
1 &
GH.Z2) <0 (2
wher e '
.. 1 is a decisioq vector representing an expansion

plan (type, size, timng ano |ocation of equipnent
. additions over the planning horizon)
Z is a decision vector .of operating vari abl es
(mostly ener gy flows and prices cnarged to
customers)

*tor nore details on alternatives, see [1j'-[7].
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U i3 a function victor enbodying tne
t echnol ogi cal , regulatory and other
that the decision variables nust neet

economi c,
constraints

n i3 3n objective function reflecting the concerns
of the network's decision makers.
Moot ol ton, b3 is chosen to represent the

present-worth-cost of the plan and we wll assunme this
to be the case. The expression for present - wor t h- cost
is: '

ri-l{l(i + Ci) -s (3

e 2

¢=
i=1

.
un™r'. w is the number of years in tne horizon, r
oi sccunt factor,
costs in year i,
cost of

is the
K~ ana C* are the fixed and variable

respectively, and S is the salvage

the added equi prent at the end of the horizon.

in formuiotion (1),(2), operating and
activity are tightly [linked. To dissect out the
operating activity and repl ace it by si npi er
approxi mati ons wo make the follow ng assunptions.

expansi on

(a) bqui prent di screte

points in tine;

additions can only be nmade at
say at the end of each year.

(b) Tne constraint
foll owi ng manner:

functions can be partitioned in the

Gy Y)
G
Ay, 2 = l(Y'z].] (u
G"(Y.ZN]
wnere Z», ..., Zy are the sdbsets of the operating
MiriuD es [ in the intervals between equipnent
f£raaiticns. A rou~h, physical interpretation is that

the operating variaoles are not allowed to have |ong
term cunrcul ative effects on the network, and especially
no cuimuiative effects across interval boundaries. By
and large this assunption is reasonable but there can

oe violations, for instance, the energy extracted from
a nuclear reactor core in one interval usually affects
the energy extraction schedule in subsequent intervals.
(c) Ci, the variable cost in interval i, does not
depend on the operating variables in other intervals,
that is:

€y = C(VY.2Z) (5)

-

The inplications are simlar to those of the second
assunption.

Under these assunptions, the general probl em
contained in relations (1) and (2) can be rewitten in
tne form
M ni mum d i-1

Yew ir E{iﬂdinimum {c,(x,z)) -5 (6)
1=1 2,6V, (1)
.. L i
l - I nner Loop J
) Quter Loop

wher e:

W= {*I1GQ) <P) is the set of feasible expansion plans

V[(Y) = Ullui(Y’Zi)m is the set of feasible
. h oporating variable values in
interval i, given expansion
plan Y.
The inner loop represents the optinum value of the

interval i. Instead of
is advisable to replace it
to the optinum production cost
over a snmaller sanpling period. The replacenent is for
reasons of conput at i onal feasibility. I'n the
approxmati on, the intricacies of the transm ssi on
network are neglected in favor of sinplified |oss
representations. An exanple of a sanpling period is a
few typical days from each season.

variable or production co3t of
being calculated in full, it
with an approxinmation

The net effect is the replacement of the inner
| oop by: .
T . ‘
rtinimml-1C (Y, X) (7)
€U ml*L * o
)_(1 Uim.
wher e T,l is the length of interval i, t. is the length
of its sanple period, X* is the reduced subset of

operating variables over the sanple period, U* is the
corresponding feasible set and Ct is the approximtion
to the production cost over the sanple period.

Lomments

sane whet her
generation or
generation and

(a) The form of problem (6) renmains the
expansions are limted to central
extended to include dispersed
central and dispersed storage.

(b) Generation

expansi on met hodol ogi es, e.g.

[11],[12], solve the outer loop of (6) given |oad
duration curves and, for each iteration of t he
outer |oop, the correspondi ng optiaum production
cost. :

(c) Thus, generation expansion nethodologies can be

ext ended to handl e
generation and central
that is required
for the inner
alternatives
shapes.

expansions of dispersed
and di spersed storage. Al
is a new nodel ling nethodol ogy
loop to include the inpacts of new
on optinmum production costs and |oad

(d) Conversely, opti mum production costs and |oad
shapes are anobng the principal indicators of the
long term economic inpacts of an alternative.
Even if they are not used to calculate the precise
val ues of these inpacts, they constitute a good

pair of netrics for conparing alternatives.

Tni s section provides an overview of a nethodol ogy
for solving problem (7), i.e., for calculating optinum
production costs and load shapes of sinplified networks

over sanple periods.

We will consider networks whose conponents are
ener gy sour ces (generators), energy transshi pnent
d evices (lines. transforners and swi t ches, for
instance), energy stores (batteries and punped hydro

units, for instance) and energy demands (| oads). The
optimization tools available to mininize the production

costs of such networks fall into three categories o
Nonl i near Progr anm ng, Li near  Progranmi ng, and a
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eirrtnln specialized version of" Linear Proi/rammiiy,
cnll«*U a lransportntlon Ar.orltlun. Nonl I twar | Yoflranr.
e.«n jccotniDouate the w dest r;\mpc of network tcaturen
nnd tend to bo the npbst conputationally expensive. in
contrast, ‘"l reinportation Algorithms tend to be the
Uast versatile but also the fastest (100-200 tlmk3
faster than a Linear Program. Experiments we have
conducted wtn nmenbers of all three classes indicate
tnat the speed advantages of the Transportation

Al gorithnms outweigh their disadvantages. Consequent |y,
we have chosen a Transortation Algorithm to serve as
fche conput ati onal core for our models.

Tne network conponents are descrioed in generic
energy terns. Vol tages and currents are not used, only
energy flows, | osses and various costs. besi des

sinplifying the descriptions, this approach makes it
possible to accommpdate hybrid activities such as those

of a thermal load that can be sinultaneously supplied
fron electric and solar heaters.
Jlnput_ Data

The nodels require the followi ng data as inputs:
1. the configuration of the network.
i the operating and mai ntenance costs, the |osses

and the capacitites of each source, transshipnent

device and store. These quantities can be tine
dependent and, in the case of costs ana | osses,
power dependent. Capacity values may be either
hard or soft. In the latter case, they may be
Lrangrcsscd in energencies and a penalty cost
| evi ed. Char gi ng, discharging and seepage |osses
nay be separately specified for stores.

3. the energy demands of each load as a function of

tine, ana if curtailnments are to be studied, the

rebound characteristics of the |oad. (The term
rebound refers to the load dynam cs that result
fron demand curtailnments and is discussed further .
in the section on Applications.)
Qui put,
Tne nodels calculate the mininmum operating cost
over the sanple tine period (typically a day or a
week), the associated schedule (the power flows from
each device in each interval) and the sensitivities of

the mnimum operating cost to the device capacities.

JRAHSPOHTATI ON . ALGORI THVS

General i zed
distribute a

Transportation Algorithnms seek to
comodity (energy in our case) from a

group of supply centers or sources to a group of demand
centers or | oad3, via internediate transshipnment
points, so as to mnimze the total distribution costs.

that the distribution cost
linear in tne quantity

* necessary condition is
between any two points be

di st ri but ed; tnis can be generalized to piecew se
l'inecr convex costs. The law of conservation forms the
basi c constraint set ; at each point, the total
incomng quantity plus the supply at the point nust

expal the total outgoing quantity plus the demand at
that point. The problem racy conveniently be
represented in ternms of a network structure; t he
equi val ent network problem is called the shortest-route
pfobl em

We now turn to a formal statenent of the problem
Consider a network wherein N represents the set of all
nodes, and F the set of al | arcs. The net
supply/aemand at node n is indicated by a , where
a, >0 l'or supply and @, < 0 for demand. Each arc's

stored in two
and a quadrupl et,

characteristics arc
triplet

descriptors, a
defined as follows:

ir= Crn.r>
oo e Xiin, fX«ax, f)
wher e
f is the arc nunber
mr I's the head node of the &rc
ne is the tail node of the arc
rf is_ a multiplier _givi ng_the outflow from the
tail for each unit of inflow to the head
c is the cost per unit of flow into the head;

this cost is allowed to be negative

Xmi n‘f'xrrax ’f are the lower and upper pounds on X

Xt is the inflow to the head.
Let 1 = (iflfef), be the set of all arc triplet

descriptors

H(n) = (fl(n,mf,r)el), be the set of all arcs wth
head n

G(n) r (f|(m,nf)*-:1), be the set of all arcs with
tail nf

C = £ c¢x¢y be the total transportation cost.
f€EF

The problem that a transportation algorithm solves s

[22]: "
—i
M ni m zed}
xr,feF
subject to (8)
X, =a neN
r r
fEH(n) ' f€q(n) n
X . - < X- <X . feF
mnf — f — max.f —_—
HET) .
Tal ukdar, Morton “and their collaborators have
devel oped a set of procedures by which the "inner |oop"
probl em synbolized by (7) can be translated into the

transportation problem (8). Porti ons of
have been reported in a nunber of
[1i]-M7]. In this section wo will
summary of the procedures and their

the procedures
scatterred works

assenbl e a coherent

conceptual basis.

Problem (7) requires that we mnimze 6., the
production costs (operating <« nmaintenance) dver a
sanple period for the electric net wor k wnose
configuration is determned by the equipnment additions
called for by expansion plan Y up to the i-th interval
of the planning horizon. The power flows from the
devices of the network constitute the decision vector,
X'),‘ The constraint set, U”Y), specifies that the
power nust be conserved at the network's nodes and
power flows cannot exceed the capacities of its
components.




problem (7) i3 converted Into n

transportation

problem of form (8) by dividing the 3anple period into
subi nturvels. Tne power flow3 in each subinterval are
assuned to be flat (unchanging wth tine) and are
represented by the arc Hows, x , of the transportation
probl em Specific assignments of arcs are discussed
bel ov.

. Structural _Alternatives

The "basic representation" of a device that
not store
-possibly, a source or a demand.
to sinulate energy producing activity,
energy consunption. The arc cost
rellect dperating and
mul tipliers, to reflect
bounds are set to rellect
ratings. lhe "basic representation" of
device is replicated for each subinterval of

the demand

mai nt enance
efficiencies and

costs,
| osses.

each
tinme.

does

energy consists of a collection of arc3 and
The source is included

for

factors are set to

t he
Arc

device capacity limts and

such

Storage devices are represented by collections of

arcs that interconnect the subintervals. This reflects
a stores principal node of activity — allowing the
energy delivered at one time to be used at another.
Char gi ng, discharging and seepage |losses are included
via trie nultipliers on these connecting arcs; costs,
if any, through their cost factors, and capacity limts
througn the arc bounds.
Direct Control Strafeaqies

Direct control operating strategies, that is,
curtailments and interruptions of supply to the | oads,
are represented by fictitious sources and/or stores.

The "fictitious energy"
the nodels corresponds to the
served in the real network.

amount  of

Wien a load's energy demands are curtailled i

supplied by these entities in
ener gy

not

n one

time interval, it often responds by increasing its
demands in subsequent intervals. The phenonmenon is
called "rebound" or "payback". Const ant opoul os and
Tal ukdar [15], [16] have shown that sinple nmpdels are

suflicient to capture the essence of
These nodel s have the form

W
Dy 3 dk*l + n-_);o Bn(Dk—m - Pk-m)

where d¢ is original

this phenomenon.

(9)

power demand in interval k, D¢ is

the inflated demand resulting from curtailnents in
prior intervals, P* <. D' is the power actually supplied
in interval k, the B's are constants depending on the
load's characteristics and the | engt hs of t he
intervals, and W is the nunber of intervals over which
the load's "menory" extends. The 8 s are called
rebound factors.

The rebound nodel of type (9) can be included in

* «the transportation proolem fornulation (8) with the aid

of arcs that carry energy backwards in tinme, t hat

from subinterval k to subinterval k-1.

on these arcs are set
*-factors.

to the reciprocals of

Indirect Controdl. Strciter.les

The class of indirect strategies centered
pricing policy is accompdated via the cost
the arcs used in load representations. The two
conponents  of
mar ket - pl sce-like-activity [*],[ 17].

are directly included by the cost factors for the

is,

The multipliers
the rebound

around
factors of

maj or

tnese policies are tinme-of-day rates and
Ti ne-of -day rates

| oads

in the appropriate nubintervals. The term  "Market-
placc-like-activity" is U3ed to refer to the class of
e-tctivilies in which customers with surplus energy arc
cilloved to sell it back to the network. These sales
can be sinmulated by adding arcs that permt flows from
the loads to the networks. The cost factors on these
arcs are set to the negative of the price at which the
network buys energy from custoners'.

To use these features,
suppl i ed

the nmodel s would have to be
data on demand elasticities and the responses

of custoners to being placed in market-place-Ilike
situations. Tnese data could be obtained either from
extrapol ations of studies, e.g. [ 23], or from
experinments on small but representative sanples. Wth
these data, the nmodels could be applied to determne

the effects of pricing policies on production costs and
| oad snapes.

Kestrictions
The principal restrictions on the nodels are:

1. Costs and |osses nust be either

linear or convex
in power. '
2. The electric network nust be rauial.
3. There is no provision for cross constraints

bet ween the arc flows in the
Probl em In other words, one
constraint of the
gi ven constant.

Transportation
cannot include a

form: X%x_. 2 ax_,, where a is a
1 2

To relax tne first restriction would require the
use of Nonlinear Progranm ng. Fortunately, operating
costs tend to be convex so there is seldom any need to
relax it. The nmain exception occurs in attenpting to
study concave pricing policies, i.e. policies that
provi de discounts for |large purchases of energy.

The second restriction accrues from the use of
generic energy nodels for the conponents of electric
networks. These nodels dispense with voltages. VWhen
applied to nonradial networks they allow power flows
that cannot be duplicated in the electric network.
This is not a serious limtation. As in the case of
generation expansion studies, we are concerned only
with estimates of total transm ssion and distribution

| osses and can approximate these losses wth a few
radially deployed el enents.

The third restriction is by far the nost
troubl esone. It excl udes an i mpor t ant ener gy
managenment alternative - cogenerati on. I'n
cogenerators, there are two outputs, electricity and
usabl e heat. Their anounts are not separately
adj ust abl e. Therefore, to include cogeneration would

requine a renmoval of the third restriction wnich, in
turn, would seem to require the replacement of the
Transportation Algorithm with a Linear Program Thi s

would inmpose significant running time penalties. e
are attenpting to find a better way to handl e
cogencration;

) APPIL | CATI ONS

Production Codt Mninization anl

Load Shape _Devel opnent

The primry nodel functions, to mnimze
production costs and generate the associated 103d
shapes, are directly accommpdated. One need nerely

define the objective function, C, as:




c=C= | o «x do)

o r T
whero C is the prouuction co3ts and the <c¢'s aro th<
op»-rnllri« costs of the dnvicon In the network,
equi pnent forced ouUigc rate:; arc dctermnistically
represented by capacity derating. horc el aborate
outctgc nodels are possible but their use cannot be

justified. Prediction of the expected outage rates for
energing technol ogies and indeed, nany other of their_
quantities, are not sufficiently reliable.

besi des the- priwary functions, the nmodels Ilend

t hCDScl vus to otner
Qutlined oel ow.

related functions,

Peak piininization

The objective here
oy any selected conponent or
(e.g. central generation) in the
done by using permssible curtail nent
avail abl e conponents to the fullest ext
meet the load peaks with prescribed

seen

Tnis problem has
Curtail nents can
phenonmena) that equal
Al so, wncn m xes of
| oss characteristics are present,
charging and discharging

sever al
produce
or

new peak
exceed the

them is far

two of which are

is to mnimze the demand
group of
net wor k.

peak

conponent s

Thi s

is

| evel s and ot her
possi bl e

ent

S

interesting

(via
ori gi nal
storage devices with very different
the optimal

reserve margins.

to

features.

order

from obvi ous.

rebound
peaks.

for

The problem may be solved iteratively by starting
out with a sufficiently large capacity for the
conmponent in question and then reduci ng it on
successive iterations until the problem is on the verge
of turning infeasible. Clearly, the average demand
over the sanple period is a |lower bound on the peak
demand.

iultjgo.ifcctive Problens

Trie objective of minimzing production cost is in
conflict with the objective of mnimzing |oad
curtail nent (unserved energy). The nodels can be used
to determine the best (Pareto efficient) tradeoffs
oetween these conflicting objectives by using the cost
factors and arc bounds to sinulate the "Weighting" and

"Addi tionally Constrained" nethods

Optim zation.

of

Let S denote the anount
set of arcs used in representing
needed to sinulate curtailments (c.f.
toetnqdol ogy) and h the set of all
implement the "Weighting Met hod",
function is chosen as follows:

C:(atlb]:zc +|
! feR e f

and tne associated transportation
sever al val ues of X~
fipint on the convex part of
en nonconvex parts are obtained from t
Constrai ned Method". Cis ~chosen to
addi ti onal constraint S £ a; is

I f
through iteration. For eacn val ue of a-
new point on the surface. Furt her
exanpl es may be found in C13],[15] , C16].

Mul ti obj ective

the

ot her

the

of energy curtailed, M

section
arcs.
obj ect

Axp

eM

he
be

probl em
Each solution corresponds to a
the Pareto surface.

sol ved

Poi

t he

the fictitious sources

on
To
ive

(u)

for

nts

"Additionally

we

€ but

bt
obtain

the

i mposed and satisfied

a

details and sone

M EXAMPLE

As an Illustration, consider the hypothetical
MnUtn shown |In Figure 1 which has been r.ynt.hoal zed
fromdata In [Uil-120]. Conponents representative of
"central technol ogi es'* have been lunped at node 1.
Attacned to node 2 are aggregated equivalents or a
nunber of "dispersed technol ogies". The link between
nodes provides a rougn approximation to transm ssion

| osses.

given
mai nt enance
sol ar -t her mal

ti

are
representative though
optimstic.
speci al

W.
W.

Data on the central
Tabl es |
costs
units
capacities along with
in

in

me dependent
given

All
r.t.
r.t.

peak

| oad.

rtesults

and
t wo- hour
t he
260 arcs.
( DEC- 20)

probl em of
base- case
the code can be used
use at

The code for
the
intervals are used for

sol ves

equi val ent
On a
the
this
and

CcWMJ for

Conpr essed
Air Storage

Ce)

Therefore,
attention to the penetrations -
intended primarily to illustrate nodel

costs are
| oad denand;
the diurnal

generation and the storage, are
and 11. The operating and
of t he wi nd-el ectric and
have been negl ect ed. Tneir total
the load denand
Figure 2. Many of the data are
some of the penetrations are
we caution the reader to pay no
the exanple is
features.

rel ative; power has been normalized
energy has been nornalized

energy requirenent of the total

the nodels autommtically formulates

transportation problem When 12
the system in Figure 1,

transportation network contains about
nmodestly sized, time sharing system
total-turn-around-time for solving a
size wusually is 1-2 mnutes for a
a little less for a change-case.! Thus,
interactively and has been in such

some tine.

W nd-El ectric
Generation

Battery
Storage

Tot al
Electric Load

Central

Gener

N Nucl ear
C Coal
0. 4l
G Gas

Figure 1.

—_—

=S

~{ ]

Tot al

O ﬁler mal Load

Ther mal
Storage

ation

Sol ar - Ther mal
Generation

A Study System

Onl'y one-way-flows allowed
Two- way-flows are possible

*Wth a large, fast conputer we would expect CPU tines

__of

the order of

a second for problenms of this size.




;*»p' dnen rcaulta lor the exanple ay:ilon .11V
irlguna 2 nnd j.

in T h«®
them fol | ow.

(a)

il md

Opti mum  3Chedul «: . i
obvi oua. Thic

(1 oad

Is n

In explanation of the

- mnimzation of
; (Hpjure 3), vc note
: generation has
of

t hat

I'n changing objectives,
cost is less dramatic
demand on central

scnedul es (load snapes).

characteristic of systems with noticeable
of directly controllable storage.

(d)

for a
of

A zero entry

capaci ty-surplus the

Thus, the production cost of

cannot
central storage,
Sgand Sj .

An examination of the
indicates that
capacity is the nost
tne
is to be expected - the
being used directly to neet
of view of production costs,
load reduction
of conponents,
effective. For

ot her

reasonabl e approach is

vect or wnose el ements
sensitivities.
augnented to include capital
resulting gradient vector
pl anni ng program

shoypei)
chyir;jctrriatlic
whi ch contain either mxru ol " :itor;«'
or one technology with noticeable |osses.

rcaul ta
peak- demand- on- ccntral - gencrati on
the out put
been flattened by the |iberal
the oil-burning-eoraprcssed-air storage.

the change
than
generation and

sensitivity
associ at ed

be reduced by increasing S",
but can be reduced by

i ncreasing sol ar-thernal

effective nran3 for
product i on-cost - m ni num of
di spersed generation

(conservation).

avenues
i nstance,
capacity were increased nuch further,
storage would become the nost

In seeking ways in which to change
to

are
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TABLE 11: STORAGE DEVI CE DATA

Capacity in
Nor mal i zed

TYPE Energy Units

Maxi mum
Di scharging
Rat e

Maxi num
Char gi ng
Rat e

Char gi ng
Efficiency
(%

Di schar gi ng
Ef ficiency

Rel ative
Qperating Cost

Char gi ng

(% Di schargi ng|-

Ther mal 0. 0215
0. 0522

0.1228

’ Battery
Conpressed Air

[0 0}

. 229
. 275

(e0]

. 243
. 275

100
88
260*

100
88
45

0
.18
. 714

0
.18
13.1*

*
A Conpressed Air Storage unit burns oil during its discharge cycle [20].
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Figure 3. Schedul es (load shapes) for the case in
which the peak demand on the central
generation is mininized.
CONCLUSI ONS
Thi s paper has described the features, nethodol ogy

ana limtations of a set of nodels for calculating the

irr.pacts of energy nmanagenment alternatives on system
prouuetion costs and load shapes. As far as we can
determ ne, the nodels can include a wder range of
al ternatives with greater fidelity t han ot her
procedures reported in the literature. Mor eover, t hey
use a genuine optimzing procedure, not a heuristic.

Consequent |y,
si tuations
di scredit,

unfam |iar
To their
than nost

they can be relied wupon in
wnere heuristics may break down.
they need nore conputing tine
heuristics. however, their conputing times are not
| £rgc enough to keep t hem from bei ng used
interactively, unl ess cogeneration is conbined with a
conplex mx of other technol ogies.

*The nodels can be used to probe |arge, unfam |iar

sets of management scenarios and as standards in the
devel opnent and verification of  heuristics for the
intensive investigation of the nuances of specific
al ternatives.

. Two proolcns for further investigation are the
dével opment of efficient ways to handle cogeneration

and the enbeddi ng of
ot her codes for

the nodels in branch-and-bound or
expansi on pl anning.
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TABLE |11 | SPECI MEN_RESULTS
e

Some Sensitivities
Attribute | 3¢ oC | ad
bj ective p p 3SC 8, [ 35 aC;
M ninmze £ 1.00} 0.925 0]-1.14)-2.61f- 7.18
M ni nmize P 1.111 0.685 Xl 0 |-2.2]-14.27
Mnimze R 1.28] 1.079 0 — — —

Legend

¢t Rel ative Production Cost

P : Relative Peak Power Demand on Central Generation
R : Anobunt of G| Used in the Central Generation and

St or age

Se t  Conpressed Air Storage Capacity (in normalized
energy units)

SB: Battery Capacity (in normalized energy units)

..11- t Thermal Storage Capacity (in normalized energy
uni ts)

er t Solar-Thernmal Generating Rating (in normalized
energy units)
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