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ABSTRACT

Restructuring of thedectric power industry ispresenting new opportunitiesthat building owners
and operators may wish to exploit. There are now more optionsthan just average, seasond, or time-of-
use eectricity prices. Bulk power markets now recognize that dectricity prices change dramaticaly in
redl-time. Ancillary services (reliability services, such as short term contingency reserves) are dso
priced inred time. There are benefitsto both the bulk power system and theindividud customerswhen
these markets are opened to participation by buildings. The bulk system benefits through the increased
avalability of reliability resources. Building owners and operators benefit through reduced energy codts,
increased choice, and increased control over their own destiny.

The paper discusses the physical capabiilities the building equipment must have in order to
participatein real-time energy and rdliability service markets. It aso discussesthe decison processthe
building operator will want to go through to minimizeitsenergy costs, considering dl of its optionsand
costs. Since energy and contingency reserve prices are volatile, building owners and operators will
want to move between these marketsdynamicaly. Itislikely that the decision process, whileremaining
under the building operators control, can be automated. Similarly, the requirementsfor pricedisclosure,
communicaions, aggregation, monitoring, and certification on the bulk power system side are
discussed. Findly, the paper discusses how the entire system could operate to the benefit of both the
building owner and the power system.

I ntroduction

Higoricdly there has been little interaction between buildings and the dectric power system
that suppliesthem. Electric utilities viewed building owners and operators aslargely unwilling or unable
to modify eectric power consumption. Building owners received few economic sgnalsto guide their
energy use. Seasond rates, time-of-use tariffs, demand charges and interruptible rates are the limit to
mogt interactions. Restructuring of the dectric power industry offers the promise of amuch richer set
of interactions. Energy and ancillary services (reliability services) are traded on bulk power markets
with prices changing hourly or faster. The ideathat loads can and should participate in these markets
IS gaining increasing acceptance.

A building owner or operator whose building can respond to redl-time energy prices can
reduce energy costs because prices are increasingly volatile. Spot energy prices in the Midwest now
span a500:1 range. To exploit these price differences, abuilding owner or operator needsto be able
to control building energy consumption, consuming when prices are low and avoiding consumption
during the intervals when prices are high. Building owners and operators that are unwilling or unable
to curtail consumption for the intervals when spot prices are high (typicaly lagting for severd hours)



may profit by selling contingency reservesto the power system. Reducing consumption for as short as
10 minutes during a power system contingency can command a high price,

The Changing Electric Power Industry

Electricity is a uniqgue commodity in that production and consumption must be matched
essentidly instantaneoudy. Storage is not practical.* Use of dternating current, while it provides the
tremendous benefit of rdatively chegp voltage transformation, further restricts operationd options. Flow
can not be easily controlled on individuad transmission lines so control of the system to prevent
overloads must be accomplished by redispatching generation. Consequently the production cost of
electric power is highly volatile. In spite of this, historically we have dected to isolate the consumer
from the power system'’s redl-time production cost. The verticdly integrated utility typicaly owns al
of the generation, controls the system, and owns and operates the transmission and distribution
network. Consumers use power whenever they choose and the power system responds to
accommodate those needs. The customer does not see prices that reflect current conditions and can
not benefit financidly if it takes action to help the power system. Consumers pay the higher cost
incurred by the system to isolate them from red-time fluctuationsthrough higher average prices. Worse,
al consumers pay even if the higher costs result from the actions of afew.

Table 1. Ancillary Services Applicable to Building Operators

Frequency Responsive Spinning Reserve: Immediate (<10 seconds) response to
contingencies and frequency deviaions

Supplemental reserve: Response to restore generation/load balance within 10 minutes of a
generdtion or transmisson contingency

Backup Supply: Customer plan to restore system contingency reserves within 30 minutes if the
customer’s primary supply is disabled

Regtructuring of the dectric power industry is changing dl of this. Operation of the power
system is being unbundled from ownership and operation of generation. Generation is scheduled
through price bid markets rather than through centrdized | east-cost economic dispatch. Similarly, red-
time markets are being created for the system operator to obtain reliability reserves and ancillary
services. While mogt restructuring activity to date is occurring on the supply sde this Stuation is
changing. Reserves can be supplied by either generators or loads, so thetraditional distinction between
supply/generation and consumption/load is breaking down. Market partici pants can be both suppliers
and consumers of different services a different times. It is better to examine the physical requirements

160 Hz alternati ng current electric power is never stored directly. Pumped storage plants do exist but
their numbers are limited. They store energy as mechanical potential, not as electricity. In the context of this
paper, they behave more like conventional generators rather than true storage devices. They arbitrage over
hours, not seconds.



of the power system and the wholesale markets to determine how building owners and operators can
prosper in a restructured environment than to focus only on current tariffs. It may be necessary for
building owners, dong with distributed generation and agileload proponents, to pressfor tariff changes
with their Sate regulators to alow access to these new markets.

Building owners can prosper by recognizing that the prices of dectric energy and therdiability
sarvices (ancillary services) vary dramaticaly in time. These price changes are only somewhat
predictable. Priceswill generdly be higher on hot August afternoons than they are after midnight on
spring mornings. But times of extremely high prices, like the $7000/MWH and $9000/MWH prices
Seen in the mid west over the past two summers, are less predictable. Building owners can benefit by
curtailing consumption, by sdling energy to the power system (if they have on-site generation), or by
sling reserves to the power system during times of high price.
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Figure 1. Required Response Timesfor Three Ancillary Services Buildings
Might Sell

What Services Might A Building Sell?

Viewed from the perspective of the power system, table 1 presents three power systems
ancillary sarvices (rdiability services) that buildings might want to sdll to the power system operator
(Hirst and Kirby 1998).2 These sarvicesarerequired to maintain bulk power system riability and are
being opened to competitive markets. These services (Frequency Responsive Spinning Reserve,

2 Thereare 12 commonly discussed ancillary services. Buildings are unlikely to be capable of selling
system control, reactive supply, regulation, load following, real-power-loss replacement, energy imbalance,
dynamic scheduling, network stability, or system black start.



Supplementa Reserve, and Backup Supply Plan) dedl with restoring the real-energy ba ance between
generators and loads in the event a generator or transmission linetrips off line suddenly. Sdlling one of
these servicesto the power system requiresthat the building owner and operator stand ready to reduce
the building load (by the amount of reserve that it wishes to sell) when caled upon to do so. These
sarvices are characterized by the required response time, the response duration, and the
communications and control required to facilitate the service. Figure 1 shows the required response
times for these three energy baancing functions.

Smilar restrictions apply to buildings supplying ancillary servicesasapply to centra generation
stations supplying those same services. For a generator to supply contingency reserves, it must have
capacity available to respond to the contingency. The generator cannot be operating at full load.
Smilaly, abuilding sdling contingency reserves must have capacity it can unload when the contingency
occurs by temporarily curtailing load a portion of its load. Providing ancillary services should involve
a careful integration of load response with the business being conducted in the building. Since fast
sarvices generdly command higher prices than dower servicesit isdesirableto sdll the fastest service
possible. Theahility to curtail aload ingtantly, as opposed to the need to ramp agenerator up or down,
makes building loads a very attractive fast response resource.

It iscriticd to evauate the integrated cost to the building owner and operator of responding
to power system markets. These costswill vary from time-to-time depending not only on the pricesthe
power system presents but dso upon the activities going on in the building. The building owner and
operator must retain control over its own operations, responding to changing prices as gppropriate at
that time.
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Figure 2. Average (by hour-of-the-day) Ancillary Service Pricesfor
Californiafor December, 1998 Weekdays



Why Utilize Buildings as a Power System Reliability Resour ce?

For the building owners and operatorsthe reason ismoney, ether through reduced power bills
or through an added source of income. Figure 2 showsthat average pricesfor these ancillary services
prices in Cdifornia vary dramaticaly from hour to hour but are frequently quite high. Note that the
sarvice names differ dightly in Cdifornia but the definitions are essentidly the same.

From the power system’ s point of view, there are severa reasons that building owners and
operators (and dl digtributed generators and loads) should be encouraged to sell ancillary services.
FERC is encouraging open competitive markets for generation. FERC ordered the unbundling of
ancillary services to promote competitive markets, which should improve economic efficiency and
lower dectricity prices. These markets should be open to any technology capable of providing the
sarvice, not just generators. Thiswill expand supplies and reduce horizontal -market-power problems.

Beyond the argument of fairness, having building owners and operators participate assuppliers,
aswell as consumers, of eectricity servicesimproves resource utilization. Ancillary services consume
generating capacity. When loads provide these reserves, generating capacity isfreed up to do what it
was designed for, i.e., generate dectricity. Additiondly, smdler facilities will probably respond more
quickly to control-center requests than large generators. This will likely more than overcome the
communications and control delays associated with their greater numbers. Building owners and
operators should beamorerdiable supplier of ancillary servicesthan conventiona generators. Because
eech fadility will be supplying asmdler fraction of the totad system requirement for each service, the
fallure of asingle resource islessimportant. Just asasystem with ten 100-MW power plantsrequires
less contingency reserves than one with asingle 1000-MW plant so too a system that utilizes alarge
aggregationof loadsasaresourceto supply reserveswill requirelessredundancy in the basic resource
than one that carries dl of its reserves on afew large generators. There can il be common-mode
faluresinthefacilitiesof the aggregator, but it iseaser and chegper toingal redundancy inthisportion
of the system than with an entire 1000-MW generating plant.

Provision of Individual Services

A building owner, in cooperation with an aggregator and the system operator, would determine
the amount of each servicethat could be provided. Metering, communication, and control requirements
would then be established.

Looking & the services required to restore the generation/load balance after a contingency,
Supplemental Reserve is alikely candidate for building owners and operators to provide to the
power system. The resource must fully respond within 10 minutes of the contingency.® Response must
be maintained for an additiona 20 minutes, i.e., until 30 minutes after the contingency. Thisisashort
interruption that many building occupants may find acceptable. Integration with the specific load is
particularly important. Anything that inherently has some storage in the process, or any process for

3Specific timing regquirements for each service vary from region to region. The requirements referenced
here are from NERC (1998) Draft Policy 10. It islikely that this 10 minute requirement will be changed to 15
minutes for all of North Americain the near future.



which storage can be readily added is agood candidate. Candidates include water pumping, building
temperature control, water heaters, and air compressors.

The system operator takes some of the 10 minutesto recognize the contingency and to cal for
response. The aggregator’'s communications process will consume some time. This leaves a few
minutes for the load to respond.

Frequency Responsive Spinning Reserve is both easer and more difficult for distributed
resourcesto provide. Because the service respondsto system frequency, each facility hasthetriggering
sgnd avalable a dl times. The service only has to be provided until it is replaced by Supplementa
Reserve, 10 minutes, cregting a shorter interruption.  Full responseis required within 10 seconds (the
specific timeisill-defined but it is certainly within seconds), however, which may make it harder for
some loadsto provide. Having each facility in an aggregation responding a dightly different frequencies
could create atypica generator droop characterigtic.

Frequency Responsve and Supplemental Reserves restore the system’s generation/load
balance and maintainit for 30 minutes. Thirty minutes after acontingency occursthe customer that was
recaiving the lost generation is responsible for making other arrangements or curtailing its load. The
Backup Supply plan is a pre-arrangement that tells the system operator how to proceed for each
load’ s loss of primary supply. Some loads may find it atractive to provide Backup Supply for other
loads. The 30-minute warning providestimefor communicationsand for the responding facility to take
actions to reduce its own costs.

Past Use of Load Control

At firg thisal sounds like traditiond utility load control, but there are mgjor differences. Load
control has been and is currently used in anumber of locations (NERC 1997). Some implementations
have been successful but the idea has not been universally adopted. This is at least partly because of
traditiond rate ructures, which providelittleflexibility to customers. The customer must agree up front
to be subject to utility control, usudly for ayear or more. There is no &hility to enter and leave the
market as the customer’s economic conditions change. The customer often gets paid aflat fee (or a
reduced energy rate) independent of how or if the resource is actualy used. This provides little
flexibility for the load and little incentive to actudly perform.

Smilaly, in the energy market, the costs of peaking generation or peek reserves are typicaly
spread over an entire season or year. Charges (both operating and capital) are not assigned exclusively
to the hours when the generation or reserves are required. Assigning the costs to the hours when they
are needed would result in much higher pricesfor those services during specific hours (and lower prices
at other times). Under either good economic regulation or atruly competitive market, the result would
be the sametotal revenue collection (that required to pay for theresource). Providing apricesignd that
accurately reflects the red-time cost to provide the service will encourage al suppliers, loads and
generators, to offer supply when it is needed most.



Supplier Control of Its Facility

While automatic deployment is necessary when sdlling some reserves, it is often important to
alow the customer to decide when it will participate and when it will not. Just as the price of hourly
energy and each of the ancillary services vary, so do customer economics. For many customersthere
are times when less flexihility exists and the load cannot be interrupted without high codts being
incurred. These times are often independent of anything happening on the power system and are
therefore unrdated to the price of the service. For theright price, aresdentid customer might bewilling
to automaticdly curtall air-conditioning usefor 30 minutesto supply contingency reserveson most days,
for example. Thissame customer would probably be unwilling to curtail useat any price onthe evening
whenhewas holding adinner party, however. Smilar restrictions might apply for anindustrid customer
suchasacontinuous chemica processing plant whileit istaking amonthly inventory and needsastable
process. In both cases the customer choice not to participate is unrelated to the utility economics;
neither load istrying to avoid providing the srvicewhen it ishighest in value. Infact, the chemicd plant
may intentionally sdlect times for itsinventory when the power system is not stressed, such as at night
or on weekends. It would do this not because of aconcern for the power system but becausethat may
be a time when the chemica processis stable as wdll due to reduced activity at the chemica plant.

Time-of-day may be particularly important for buildings. An office building operator might be
willing to sl frequency responsive spinning reserve late in the afternoon when the price is high (see
Figure 2) and it is nearing the end of the work day. The building operator could offer to curtail use of
the air-conditioning compressors for 10 minutes, for example, knowing that the building temperature
will only rise afew degrees and the building has dl night to re-cool before the work force return. The
building operator might be unwilling to sl reserves at noon when the priceislow and thereis till ahot
afternoon to live through, however.

The utility or 1SO needs information about which facilities will be supplying services aheed of
time. The building operator must declare that it is available before it enters or leaves the market.
Perhaps this declaration would be one day in advance for the following 24 hours. Bath the utility/ISO
and the building operator will need the ability to change the availability on shorter notice, perhgpswith
economic consequences. A building operator who experiences technica difficulties and is suddenly
incgpable of supplying the service must be able to leave the market. Conversdly, if the power system
findsitsaf unexpectedly short of reservesit will need to be ableto call for additiona reserves quickly,
perhaps by raisng the current price. Indeed, this is how the day-ahead, hour-ahead and red-time
markets are intended to operate in Cdifornia s competitive bulk-power system.

Itiscritica to avoid providing an incentive for aresource (either load or generation) to declare
itsdf available when it isnot (asis donein the United Kingdom). Equipment failures are inevitable but
sarvice providers should have an incentive to maintain the reliability of their resources. They should
never find it profitable to sdll a service that they know they cannot ddliver.



Certification vs Metering

Most of the generators on a typica power system are relatively large and expensive. It is
reasonable for the system operator to monitor unit output and bus voltage every 2 to 8 seconds. The
amount of data.and the expense per MW are both reasonable. When the operator calls for response
the response can be monitored in red time.

Providing the same information from hundreds or thousands of individua loads would be
prohibitively expendve and would provide an overwhelming amount of datathat could not be managed
in red time. An dterndive to red-time monitoring of each individua resource exigts. Buildings could
be certified, @ther individudly or in aggregation, for the provision of each ancillary service. Certification
would consist of exercising the resource under controlled conditionsto determinethe reliable response
(NERC 1999). Testing of the contingency reserves, for example, would not be announced to the
buildings. The response would be measured on control-area metering. Periodic testing would monitor
continued capability. Recording meters at each building could aso be audited to verify performance
for both actual events and tedts.

Aggregation and Communication

The mgor objection often voiced to customer supply of ancillary servicesiis tha the system
operator cannot deal with the large number of individua resources and that the communications
requirements would be overwhelming. These are valid concerns but ones that can be addressed.
Aggregators can provide a genuindy vauable function here. By handling the communications with a
large number of digtributed facilitiesthey can present the system operator with asingle point of contact
for a reasonable amount of capacity, Smilar to the system operator’s interface with large, centra
generating resources. They can dso bean interpreter between the dectrical system and customers. The
system operator is not interested in learning the details and concerns of each customer. Similarly,
customers are in businesses of their own and have neither the time nor the interest in learning al about
the power system. The aggregator can bridge this gap, creating a valuable resource in the process.

Communications are inherently different with an aggregation of resources than with a single
entity. As mentioned above, it is not currently practica to collect data from thousands of individua
facilities every 2 to 8 seconds. It is practical, however, to send ingtructionsto those facilities asfast as
necessary. That is becauseit is the same sgna going to large groups of the facilities That Sgna could
be “deploy now” or it could be “the current price for response is $X/MW-Hr".

Customer Economics

I ncompetitive bulk-power markets, customerswill have many choiceswith respect to their use
of dectricity and their payment for eectricity services. In the context of this discussion, they can
choose to participate in hourly markets and face spot prices that can vary widdly in response to
supply/demand relationships. Alternatively, they can sell reserve services (options) asdiscussed above.
Decisions on whether to participate in spot markets or sall reserves will be based on the customer’s
flexibility in modifying itselectricity use (in particular, itsfixed and variable costs to modify itseectricity



usein red time), the prices of energy and reserve services, the frequency with which outages occur,
and the opportunity cogts it incurs when it forgoes consumption. For example, higher reserve prices
and less frequent outages will lead customersto sell reserve services, forgoing opportunitiesto reduce
consumption at times of high spot dectricity prices. On the other hand, increasing flexibility (i.e,
declining cost) in modifying dectricity use will lead to more decisons to participate in spot energy
markets.

Most importantly, it is the building owner that must be free to make these decisons, in near-
redl-time as conditions change both within and externd to the facility.

Conclusions

Red-time eectricity pricesarevolatile, they reflect the changing costs associated with baancing
supply and demand in an environment where there is essentidly no ability to store the traded
commodity. Costs associated with theload change dynamicaly aswell. Electricity pricesareimportant
but they are only one of severd cost factors the building owner must juggle as he srivesto maximize
its own profit. In many casesit may be advantageous to sdl reliability services to the power system.
Avoiding pesk prices may require reducing demand for 4 to 8 hours or longer. Sdling contingency
reserves may only require standing ready to reduce load for 10 to 30 minutesin the event of a power
system contingency. There are design, contracting, and operations decisonsthat must be considered:
Design and build systems that maximize flexibility, negotiate contracts that provide flexibility, make
operational decisions based upon the redl time prices of eectricity, ancillary services, and the impact
on current operations. Seasonal diversity between gas and dectricity prices generdly heps with the
highest dectricity prices (or curtallments) coming in the summer and the highest gas prices (or
curtallments) coming in the winter. It may be easier to introduce storage on the load sde. Thermd
dorage is easer to build than electric energy storage. Even short term storage (10 minutes) can have
real vaue. It isimportant to look beyond exigting tariffs to the underlying physica requirements. If the
load can be designed and operated in away that benefits both itself and the power system, tariffs can
likely be changed to compensate the load for its actions.

With so many opportunities, building owners and operators should seize the initictive.
Determine what markets you want to sdll into. Pressure “the system” to accept respongive buildings
asaviableresource. Improve both thereliability of the power system and the profitsof building owners
and operators.
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