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ABSTRACT

The economic and technical interfaces‘betwéen.the electrical utility
and the distributed, nondispatchable electric generation systems are only
minimally understood.at the present time. This paper will discuss the
economic issues associated with the interface of new energy technologies .
and the electric utf]ity g}id. The paper then introduces the coﬁcept of
Homéostatic'Control as developed by ‘the author and others at MIT and
discusses fhe.use of such an economic concept applied to the fntroduction
of nondispatchable technologies into the existing utility system. The
‘paper concludes with a discussion of‘the trénsitioh and potentia1'impact
of é Homoeostatic Control system working with the existing electric

utility system.
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HOMEOSTATIC CONTROL: ECONOMIC INTEGRATION OF SOLAR TECHNOLOGIES
| . INTO ELECTRIC.PONER OPERATIONS AND PLANNING

Richard D. Tabors
Massachusetts Institute of Technology
Cambridge, Massachusetts, U.S.A.

I. Introduction

Rising energy prices during the early 1970's brought a major efforf'
to develop a set of new energy technologies which held the potential .for
replacing scarce fossil fuels. One set of theée new energy techno]ogieé,

those frequent1y referred to as solar technologies, brought with them a

new set of characteristics of supply which were not present in the

traditional fossil fuel sources. The majority 6f the so]ar'technblogies

are non dispachable: their performance is predictable during specific

-daily or annual time cycles but is not available at all during other

;peéific perfods. Because their-output is generally time-depenQent,_
their output is not indebendent of the demand for energy. In addition,
many of these new solar techno1ogies-are af least as feasible at
distributed 1ocatibns as they are at centralized locations.

The objectiVe of this paper is to. evaluate the economic interactions

between the operation of nbndispatchab]e, new ehergy techologies and the.

electric power gfid. It will discuss the general characteristics of
these new energy technologies and foéus on one specific set, those
generating electricity. The paper will then introduce a new set of
concépts, Homeostatic Control, which offer.a means of increasing the,}

cooperation and coordination between electric utilities and their

: chstomers. Finally, the paper Qi]] discuss the utilization of the

conCepts associated with Homeostétic Control in efficient integratioh of
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new energy teChnoloQies into the current electric power grid system.
Throughouf the discussion there will be an effort to separate the
ques;ions of interaction into five time frames which reflect the *
operating decisions of the electric ufi]ity; These time frames are
summarized.in Table 1. As will be seen; the concepts of Homeostatic

Control function in each of these time frames to he]p‘to maintain system

equilibrium.
Table 1
Utiiity Time Scales -
Time Scale | Function
0 seconds to 1 minute Dynamic Control
1 minute to 10 minutes System Dispatch
1 hour to 2 weeks - - Unit Commftment
1 month to 2 years | ) Maintenancé Scheduling
5 to 20 years . Capacity Expansion P]énning

II. Solar Technologies: Utility Interface Characteristics

The nondispatchable, specifica11y so]ar—baséd technologies may be
grouped into three categories: o

0 end-use

o electric generatibn.

o fuel. |
The thfee have distinctly different operating characteristics and have

significantly different impacts upon the electric dti]ity system (Ref. 1).
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End-Use: Direct converéion of solar energy for bqth'hot water and
space heating, whether active or passive, répresents the qonversion of
solar energy into direct]y usable end-use energy. The requirements for
- utility interface to these end-use technologies. are one-direcfional and
of a "back-up" nature only.* This requirement may place a significant
burden upon the uti]ify in ité short-term planning and operation as wé11
as its 1ong-term capacity expansion. . Because each solar end use unit is
weather dependent the sum of the iadividual units will also be weather
dependent. As Seen by the utility, the end-use solar technologies are
'simi1ar-in their charaéteristics t airlconditibning or e]ectric.heating,
in that the net load, as seen by the utility, is highly dependent on at
least macroweather pattern;. On a hot day wifh high humidity, most -
htilities will see a high coterminous peak brought about by a large
number of air-conditioning units drawing heavily at any given time. Thé
same phenonmenon takes'plate with solar heating and hot water units when
there is a'1ong period of cloudy skies such that the units themselves are
not functioning, thus causing fhe back-up system to take effect. 4

Electric Generation: The second significant solar technology type is

one whose major function is in the generation of electricity. This type
of techno]ogy, primarify photovoltaic, small scale solar-thermal-
-electric, and wind, has-a very different impact upon the eTeciric utility
grid. These technologies both provide power t@ the eleétric grid and, in

the instances in which they are distributed technologies, also demand

*The term "backup" is used in this discussion for lack of a better
phrase. It should be noted that no unit in an electric utility system is
without "backup." Solar technologies are dependent upon sunlight or wind
and thus their backup.requirements are not random as would be the case
with, for instance, a coal or nuclear facility.
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back-up from the electric hti?ity. As a resulf, the generétion
technologies-are more difficult to evaluate from the perspective of the
eleétric uti]ity. As central generation sources,'the photovol taic, .
so1ar—th§rma1-e1ectric, and wind systems may be seen as a high-capital,
low-operating-cost, generating plant. In this mbde they are dispafched
on the front part of the 1oading4ordef because they are the least
operating costs generators available. From the perspgctive of the system
dispatcher,‘the p]énts represent a two-component uncertainty structuré;
The first component is one that is a function of the weather conditions,
either solar or wind that will 5ffect their avai1ébi1ity. The second .
component qf uncertainty is that of performance of the plants
themselves. This component is identical to the uncertainﬁy associated
with any other generation b]ant on the system in that each generation
plant has a finite probability of being in operation at any time, because
of mechanical or electrical failure. |

The more difficult ané1ysis is -of distributed solar generafors. The
uti]itie§ will be qoncerned that the.energy;entering the utility grid be
of sufficient quality and that the systems ﬁe désignéd in such a manner
as to guarantee the safetx df those operating and repairing the system.
| Fuel: Solar technologies such as those referred to as biomass and to
a significant extent large s;a1e solar thermal electric have a very
different set of characteristics with regard to the elettric utility.
" Biomass fuels are being considered or being|us¢d'for electric power
generation at a number of stations. These fuels utilize, generally, wood
chips for a boiler fuel in a‘standard steam-turbine environment; ‘As squ
they are little different from other fuels in terms of'thefr fechnica1

characteristics in operating or interfacing with the utility.
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Large-scé]e solar thermal electric facilities are in many ways more
similar to biomass than to the smailer scale generapion technologies in
that solar energy is frequently only one fuel of a mu]tifuel mix to be
utilized in a steam boiler. ‘ |
| For the remainder of this péper; the primary concern will bé the
interaction of electric géneration techno]ogie§ and the electric -utility -
system. The electric generation téchno]ogies under consideration will be
predominantly those of wind and photovoltaics thoqgh‘the discuﬁéion can
" be eési]y exbanded tp'consider all non-dispachable sources including

small scale hydro and distributed solar-thermal electric.

III. Homeostatic Controlf Discussion

| Homeoétatic.Contro1 (Ref. 2) is a new épproach to the control andv
economic operation of an electric power system. As will be discussed
1éter the implementation of some of concepts within Homeostatic Control
have already or could begin today specifica11y for large industrial and
commercial customers. Homéostatfc.Control is based on two major
principles, utility customef cooperation and the'independehce of the
“customer. It is to the advantage of both the customer and the utility
that the electric power system be planned and operated as economi¢a11y
and physically efficiently as possible subjectlto constraints on
environmenta] quality and on system integrity. Historically this has
been the task of the utility independent of the customer. Customers have’
only rarely been given any role or any information concerning the overall
cost of operation of éhe electric utility or concerning‘the cost of
maintaininglthe integritylbf the utility system as a who1e; As a resdlt,

“the "communications" with the customer have been 1imited to a single
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price, for the most part, and to a fiied level of reliability. The
result of this lack of communication has been that in general electricity
has been utilized less economically efficiently than would be possible
were'customers to receive addftionq] price information. Given mjor
advances in communications and computation, an information exchange in'
real time is now po;sib]e.' | '

. At the same time that it is important to have a close interaction
between customers. and the utility, it is equally important for customers
to make iﬁdependence decisfons. It is more efficient for a customer' t6' ‘
make the decision to shed load than it is for an external source, such as
©an eleétric utility controller, to make the decision to shed customer
Toad. To make this clear it need only be pointed out that the industrial
cus tomer fs‘far«more able to judge' the value qf electricity at any given
point in time than is the utiiity controller who has little if any
information qoncerning the industrial processes being affected.

Three Homeostatic Control concepts which follow from the general
principles discussed above are: |

o - Spot PricinQn

0  Microshedding

| 0 Decentralized Dynamic Control
The;e,concepts could be implemented separately; however, when integrated,
they,providé a coordinated set of actions which form the basis for highly
flexible and robust operating and control systems.

.Sbot pricing is a concept in waich the price of electricity varies
during the day depending on supply-demand condi tions (custbmer‘and
utility) and the cost of sﬁpp]y. Three-types of spot prices are:

Buy Rate:  Price paid by customers to buy firm;pbwer from utility.



Buy-Back Rate: Price paid by uti]ity to buyipower from customer.; .

Interruptible Rates: Lower Buy Rates which give the utility right to

4contr01 a "percentage" of customer's demands (see next section,

Microshedding). i
Rates are computed by a Centra]AUtiiity Controller and transmitted to the
customer in any one of severa1 ways. The simplest would be daily updates
of hourly prices published in the newspaper. The. most sophisticated
would be utility computer to cus tomer computer communications.: Spot
pricing would eliminate decTining or increasing block ratés; demand
charges, ratchet clauses, hours use charges, and penalty charges for-
back-up power except as Justified by cost of transformer distribution
line hardware. ' ‘ | o

Spot price rates are determined by consideration of

o Economics: Cost of fuel, capital, maintenance, etc.

0 Quality of Supply: Present and expected future vo]tage,

frequency, availability of power.

If, for,examble, tota]idemand is approacning total available generation,
queTity of supply consideration could increase buy price‘and buy-back |
prices beyond that indicated by direct utility expenditures in order to
reflect the extra pricing "forces" needed to prevent'system collapse
(Ref. 3). If a global economic pricing theory encompassing all costs
(utility, customer, etc.) were available and implemented, it would
automatically cover both economics and quality of supply. However for
the present, it is necessary to distinguish between the two aspects of
spot prices (Ref. 4).

The customer will respond to changing spot prices by considering
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those portions of his service requireménts that are reschedulable and/or
nonessential. The customer will respond to future forecasts |
(preceptions, etc.) of spot price behavior as well as the'currént spot
price. Customers who have their own generation (solar, cogenerétion,_
etc.) will fespond in a similar fashion but by bonsidering both the buy
and buy back rates. |

~ The second concept, miéroshedding, solves the df1emma of how the
utility can haQé the direct 1oad control that is often desirab}e without
crossing the meter 1fne. Under microshedding the utility and the
customer negotfate a contract for quantity control in which at an agreed
upon price the customer will shed a specified amount of load; It is the
customer's'chdice as to how SUbh microshedding load will be contfacted
for and, when called, specifically what operations will be shed.
Microshedding isvan interryptible rate that is negotiatedias frequent]y
as every féw minutes or as infrequently as annually. Thé import&nt
concept is thaf the customer‘chooses what will be éffected, the utility
determines when.' Again, as with spot pficing, short-term microshedding
contracts would require highly advanced communications and computational
facilities. Longer-term cbntracts would also require ad&anced customer
control equipment if customers are to be able to respond rapidly to their
contractual commitments. |

Thé~third concept, decéntralized‘dynamic control, exp]oitsuthé fact

that certain electric 1oads are energy rather than power loads, i.e. ,'
loads that requ1re that an average rather than an. 1nstantaneous cond1t1on
be met. This 1nc1udes such loads as resistive heat1ng, melt pots, etc.
as-opposed to rotating machinery. Energy loads may be rescheduled w1th1n

a short to medium time frame, thereby 1mproving'power system dynamics
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without affecting the customer's needs. For decentralized dynamic

control to be effective, there are two types of information required:

o .

A locally measured signal(s) indicates how the customer desire

for service is being ful filled. For example, is the temperature

‘ of fhe building being maintained within desired Timits? Is the

water level of a tank being maintained between desired limits,
etc.? - '
One or several locally measured s1gna1s such as frequency,
vo]tage or power flows which prOV1de 1nformat1on on overa11

power system dynamic behavior.

There are many modes of operation for decentralized dynamic control

based upon the element being controlled, those particular

signals/variables beihg sensed, and the speeific governing relation

used.

0

Three particu]af concepts are:

Frequency Adaptive Power Energy Rescheduling (FAPER):
Modification of power usage of enngy type loads using 1oca11y

measured frequency‘as a control input to he]p_restore dynamic

- power supply-demand imbalances on the power system.

- Voltage Adaptive Power Energy Rescheduling (VAPER): Modification

of power use of energy type loads using locally measured voltage

as a control input to help maintain desired voltage magnitude

~ Tevels during disturbance.
. !

Selective Modal Damping (SMD): Use of locally measured
frequency, voltage, power flows, etc., as control inputs to -

provide damping of power system oscillations.

Each concept is a different approach to adjusting the load in order to

improve different aspects of power system dynamic behavior.
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The discussions above have focused largely on theoretical"
descriptions of nondispatchable techno]ogiés and Homéostatié'Contrb1;
Homeostati¢ Control is, however, in use under other names in a nqmbér of
applications both in the United States and, more significant1y; in
Europe. These applications have been studied relatively extensively and -
have been shown to be effective means of ﬁtility control. While these
studies dd not-app]y'specifica11y to nondispatchable technologies, they
are nohethe]esé of significance in their‘effectivevcontro1 of the
interactioﬁ between customers and the utility. A summary of these are
the fo]lowing: |
- Sweden.has'a'complex structure for its 1akgest iﬁdustria]'customers
which contains many provisions analogous to spot pricing (Ref. 5). |
- Great Britaih adds a price surcharge dufing periods of anticipated .
supply shortfalls. This rate is applied to Severa1 hundréd customers
(Ref. 6). | |
- San Diego Gas:and Electric Company calculates a demand"charge at
the time of system peak. This can be interpreted as a spot price (Refs.
7.8). |
. - I11inois Power and Light offers spot pricing as an alternative to
curtailments during fimes of system stringency '
A]though rates which are effect1ve1y spot pr1ces have been in use for:
some t1me the academ1c 11terature on spot pr1c1ng theory for e]ectr1C1ty
“is qu1te sparse though there is a 11terature on predetermined or -
time-of-day pricing and in general on load contro] and/or load
managementL This ]iterhture has been well summarized by Morgan and -
Talukdar (Ref. 9) and others. The responsive, adaptive or spot price

literature is that of Schweppe, Tabors, et al. (Refs. 1,11), Kepner and
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Reinbergs (Ref. 12), Luh (Ref. 13) and high significantly Vickrey (Refs.
14, 15). |

In sumhary the theory of Homeostatic Control, and particularly the
app1ica£ion of spot pricing represents a proven--if only
initia]ly--cohéept in priciﬁg for large industri§1 customers whose loads
are schedulab]e to respond to varying prices. The utilities in the
United States and in Europé have demonstrated the usefulness of such
rates and.have demonstrate the imp]ementabi]ity of such rates in real

time.

IV. HOMEOSTATIC CONTROL AND THE NON-DISPATCHABLE TECHNOLOGIES

As has been discussed above, Homeostatic Confrol is made up of a set 
of concepts which work to maihtain a ba1ance wfthin a utility sysfem.
The nond1spatchab1e technologies, specifically those which are | |
distributed throughout the utility system are often perceived to work -
against this balance. Homeostatjc Control offers one means to integrate
the nondispatchable technologies to tﬁe utility. The section of papér
which fd]]ows will discuss‘HomeoStatit,Contqo] and its application to the
new technologies for each of these time frames. Table 1 has been
enlarged as Table 2 to include an expanded set of variables which relate
1 directly to the actions of Homeostat1c Control and the nond1spatchab1e |
distributed technologies. . For each of the time. frames presented there is
" now a correspdndingvdiscussion of the relevant éomponent of Homeostatic
Control. | |

In the dynamic control‘time frame the new technologies. have an impaét '
upon the utility system that is heaviiy dependent upon their_Stochastic

operating characteristics and upon the quality of the devices sﬁch as



inverters with which such systems Are interfaeed'with'the uti1ity_(Ref.
1). Decentralized dynamic control devices are the most useful of the
Homeostatic Control concepts within the dynamic control time frame. The
most intuitive of.these devices to work in conjunction with -
nondispatchable technologies is the FAPER, the Frequency Adaptive waer
Energy Rescheduler, a device for sensingishifts in system frequency and‘
thereby reacting to shed or to shift lToad of an individual energy (as
opposed to power) eonsuming device. It is often argued that
nondispatchable sources come on and off of the system with 1itt1e.warning‘
and, as a result from the perspectcve of the system dispatcher, it is
necessary to carry add1t1ona1 spinting reserve to cover the possibility
that these devices will have outag:s cuased by env1ronmenta1 variations
‘(so1ar insolation or wind.)* Ungef such circumstanees the FAPER canv
modify energy 1oads.in the very snort»run to allow for change in valve
points or for starting of a'Qas~turbine or diesel facility rether than
depending upon spinning.reserve. The FAPER operates by sensing sma11
changes in system frequenqy If tie system frequency d1ps be]ow a
prespec1f1ed po1nt the FAPER acts as a switch to s]ow the response of an
energy demanding device therehy smaothing the short-term fluctuations in
energy demand dr.significantly for the nondfspatchebles, short-term |
changes in energy sdpp]ies; |

‘There is at the same time a set of significanf economic'issues'which'
relate fo the dynamic control time period. A recent paper by.Bohn,

Caramanis, and Schweppe (Ref. 4) has focused on the use of the

*It is beyond the scope of th1s paper to argue that the actua1 level of
the spinning reserves can be shown to be far less than is generally
believed to be the case by many d1spatchers (Ref. 16).
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Table 2

Utility Time Scales and Homeostatic Control

‘Technical
Issues

Economic Homeostatic
{ssues Control Mechanism

Dynamic Control  Dynamics
' given inver-
ters with no
inertia;
. power factor;
harmonics

System Dispatch  Relibaility
o and reserved

Real vs. Decentralized dy-
reactive namic control
power L

System Spot pricing and
1ambda microshedding
(narginal

-costs) .

sayinning

reserves

Unit Commitment Reliability,
system ,
control and
.safety

Maintenance ‘ System/plant
Scheduling - maintenance;
‘ reserves

‘Capacity Expansion System
Planning reliability

System Spot pricing
lambda-

scheduling

of reserves

Operating Spot pricing
cists and - .

- raliability

L2ast cost Spot pricing
oderation

capital

availability
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Homeostatic Control. concept of spot pr1c1ng as one means of charging for
the quality of power (in terms of power factor) which is either produced
"by a distributed generator or consumed by a customer's fac111ty. From
the perspective of the utility there is no difference between a
distributed consumer and distributed generator exceptgin the direction of
new power flow. It is important only to recognize that there is a need
for the pricing of eiectricity.to and from distributed sites to be
identical, i,e,, that there by no difference between buy and buyback
rates and that the individual customers-he charged a spot price both for
the kWh consumed and for the‘kVarh'consumed. This concept of charging
for both real and reactive power is clearly not a new one on theipart of ..
the utilities; it is'howeuer different when one considers that it is
being charged on a spot basis. The concept of charging for both rea] and
reactive power again is a two-way phenomenon in that a customer who 1s
providing capacitance to the system either through his generation or his
consumption will be charged an amount different from the customer that is
]providing a reactive'ioao to the system. |

~ The second time frame of importance to thiseanalysis is that of 1 to
10 minutes, roughly theotime period in which the system operator
dispatches h1$ fac111t1es It is in this time frame that the concepts of
spot pricing are most 1mportant and in which the role of Homeostatic
Control may find its maximum usefulness for the integration of -
nondispatchable technologies'into‘the grid. Spot pricing offers a means
of setting an eConomicaliy efficient buy and buyback rate for electric
power between the small generator and the electric utility. 'The 1anguagex
that has been established in the Pub]ic Ut111t1es Regulatory Policy Act
(PL 95-617), represents the_best example at the‘present time of the need
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for a system of spdt pfices. The language of PURPA requires that the
interchange between the 'dti Tity an'dA the customer be based upon avoided
costs. The interpretation of this cost level is that of short-term
marginal cost to -the uti]ity, the cost that has been avoided by virtue of
the fact that the small generator or cogenerétor is providing electricity
to the central ut111ty 0n1y underbthe circumstances in which there is
an active market for electr1c1ty between the utility and the customer can-
the cond1t1ons of PURPA be met efficientiy.* ' | .
It should be recalled from the dis#ussion in Section III thaf spot

prices would be set at the marginal cost of generation corrected for
dfstribution systan conditions. Using system lambda as a basis of
setting of spot prices guarantees_fhat,the utility is able to operate at
its maXimun point of efficiency anq'that customers are able to respond
according to their efficiency points given'the feative priée of
'e1ectr1c1ty and other short-term choices of fuel, i.e., storage or

sel f-generation, and long-term choices in capital stock. In add1t1on
from thé perspective of the cuétomer with the nondispatchable technology,
the setting of price§ to mérginaliuti1ity costs guarantees thét that
- customer is ab]é to éva]uqte his own generation in light of the‘cdsfs
which would be borne were he to be purchasing electricity from the
uti]ity,‘or the benefits that could be gained by se11fng his generated

power back to the utility.

*It is beyond the scope of this paper to prove the efficiency and
optimality conditions of Homeostatic Control when applied to all
transactions between the utility and the customer and specifically to _
those between a utility and a generat1ng customer; these conditions have .
been shown to apply (Ref 4).
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From the perspective of the‘system dispatcher, the new,
nondispatchable energy technologies will appear as a diminution in the
1oed seen by the remainder of the utility generation facilities. As a
resuTt, the dispatch process will bé against a smaller load, thereby
guaranteeing a lower marginal cost to all customers. From the
perspective of the owneh of a small, distributed, nondispatchable
technology, theAevailabi1ity of system lambda as a'spot price for energy
generated will guarantee that the customer receive tﬁe market value of |
energy sold baek. It must be remembered that the small nondispatchable
generator wil] also be e distributed ednSumer and as a result his patterﬁ
of consumption will also.be inf]uenced by the evailabi1ity of energy at
spot or marginal prices. Given this situation the owner of a
ndndispatthab]e energy system will have the choice between consumption of -
his generated energy within his own plant and consumption of a net
quantity from the utility and/or sales of a net quantity_from his
distributed Qeneration source to the utility. "Gn'ven the 'economic
efficiency criteria the price set by the utility wi]leinfluence the.~
direction of power ffoﬁs‘between'the customer and the utility,
pdrticuTarly at tjmes of high marginal costs, i.eﬁ, at peak timeslfqr the'
utility itself. B |
. In the three longer-term time periods censidered.in Table 2,
‘Homeostatic Control plays a fukther siénificant part in the interaction
between the hti]ity and the nondispatchable feehnologies. In fhe range
' in'which we consider unit commitments, i.e., that of an hour to two |
‘weeks, again spot pricing and anticipeted spot pricing offer a heans of
predicting, on the part of thevuti'lity, the ava'nabmty of
nondispatchable generationfthat'will be sold to the hti1ity at any given
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operatfng point, and the 1ikely response of nondispatchable generators to
changing uti]ity‘prices,as a'funétion of the nonavailability of one or .
more of the major genénating units. This same argument can be made with
respect to the time frame'of one month to one year in which maintenance
.is scheduléd upon major p1énts within.the uti]ity, As is doné at
present, mintenance scheduling evolves around a projecfion‘of time
periods in which the demand for e1ectricity wf11 be sucn that. individual
units can be taken off line without danger of system fa11ure Th1s has
generally meant that ma1ntenance on large-scale base units 1s done dur1ngi
the spring or fa}l time periods. With Homeostatic Control, specifically
spot pri;ing; the utility can estimate the quantity of e]ectricity‘which
a customer will be willing to sell at.a given price and given weather
conditinns. By the same tqken the customer iS able to project his
operating_schedule and hjs revenues from a nondispatchable tecnno1ogy
inen information about the qti]ity's future patterns for maintenance
scheduling. | | ' |

In terms.of longétermzplanning, the intenactfbn‘befween Homeostatfc '
Control and the integration of new energy technologies represents a majdr
~advantage from'thevperspective of the potential owner of a
nondispatchab]e tethno]ogy. At tne present time the vagaries of the
regulatory System make thg actual reimbursement-for energy sold back to
the utility an unknown in terms of the nondispatchable'technoiogy’s
owner. This is the case because while PURPA may bé available at'thé
presgnt.time, its implementation within the individna1 states has yet to
be confirmed and fully defined. As a result, the owner of a
non- d1spatchab1te techno]ogy cannot be certain as:to the 1nterpretation

of avoided costs or the nanner in which an 1nd1v1dua1 ut111ty may deal
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with cafcu1ation of avoided costs. In addition, there are always -
questions as to how regu]ations will change over time. This is
particularly critjca] when one is faced with making a large capital
investment, either on the utility side or on the customer side for
generation technology. Given the use of sbot pricing as the market for
energy flow between fhe utility and the customer, it is possible for a
customer to project forward the structuré of thé utility ahd thereby the
Tikely operéting characteristics and prices for his-powerﬁ"At the same
" time it is possible for the utility to project forward thé:most'1ike1y
" customer response to uti]ify planning and thereby influence that p1anhing‘v

' to incorporate information about the 1ikely amdunt of nondispatchable

_generation which will be built within the system.

V. CONCLUSIONS o

In conclusion it can be seen that the structure'beihg proposéd for
Homeostatic Control offers an efficient means of:smoothfng the economic
and4technicé1 interface between the new, ﬁondi§patchab1e electric
- generation technologies and the current electric utfiity system. - |
- Homeos tatic Control works at each of the utility tihe frames to offer a
means for efficient integrafion of nondispaﬁchable teéhno]ogies fntb‘the‘
:grid. Its mQSt'pdwerful actions take place in the intermediate time
frame when the concepts ofispot pricing and microshedding can be uti]izéd'_
to offer an efficient marketplace for the purchase and‘§a1e of electricu
'power between the uti]ify ;nd the nondispatchaﬁie~techno1ogy owner.

The nondispatchable technologiés represent a class of'custOmer that
~is able to provide.generation qapabiWity to the uti]iﬁy in exchange for a

“fair and reasonable" return for payihg the nondispatchable technology
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owner. an.amount whiéh ref]écts the value to the utility of the
electricity generated. Iﬁ,so doing the utility will operaté‘in a
real-time environmeht in order that the amount paid for energy be neither
greater than nor'less than the amount saved by the Utility. The
experiments completed to date with spot pricing types of rates have
ihdicated'that such rates offer significant benefits to the utility and
to fts custbmers,. Abp1ication of these rate concepts‘to nondispatchable
techno1ogies will dffer these same advantages to both parties'whjle
guaranteeing that the conditions of economic efficfency are met by both -
the technology owner and by the utility. The basic theoreticé] work .has
been completed‘for utilization of Homeostatic Control concepts as a meané'
of integrating new, noﬁdispatchab1e>energy techno]dgies into the utility
system. It is necessary now to begin the live éxperiments required tov ‘

confirm the theoretical findings.
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