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SUMMARY

Incompetitive dectricity markets, the costsfor each ancillary service should be charged to thosewho cause
the costs to be incurred with charges based on the factors that contribute to these costs. For example, the
amount of generating cagpacity assgned to the regulation service isafunction of the short-term volatility of
system load. Therefore, the charges for regulation should be related to the volatility of eachload, not toits
average demand.

The Federd Energy Regulatory Commission (FERC) requiresthisaswell. Initsrecent Notice of Proposed
Rulemaking, FERC wrote (1999), “The Commission believes that, whenever it is economically feasible,
it isimportant for the RTO [regiond transmission organization] to provide accurate price sgnasthat reflect
the costs of supplying ancillary services to particular customers.” Earlier, FERC (1996) wrotein its Order
888, “Because customers that take smilar amounts of transmission sarvice may require different amounts
of some ancillary services, bundling these services with basic transmisson service would result in some
customers having to take and pay for more or lessof an ancillary servicethan they use. For thesereasons,
the Commission concludes that the six required ancillary services should not be bundled with transmission
sarvice.”

Fortunately customer specific measurement and dlocation of ancillary service consumption can be done.
This paper discusses the economic efficiency and equity benefits of assessing charges on the basis of
customer-specific cogs (rather than thetraditiond billing determinants, MWh or MW), focusing onthe key
real-power ancillary servicesof regulation and load-following.” We determinethe extent to which individua
customers and groups of customers contribute to the system’ s generation requirements for this services.
In particular, we analyze load data to determine whether some customers account for shares of these
sarvices that differ substantidly from their shares of tota eectricity consumption.

“This paper summarizes work presented more fully in: Kirby and Hirst 2000, Customer-specific
Metricsfor the Regulation and Load-following Ancillary Services, ORNL/CON-474, Oak Ridge National
Laboratory, Oak Ridge, TN, January. The longer report is available at WWW.ORNL.GOV/PSR
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PARSING REGULATION AND LOAD-FOLLOWING
Because dectricity is ared-time product, control-area operators must adjust generation to meet load on
a minute-to-minute basis. As the dectricity industry becomes deintegrated, with competitive generation
separated from regulated transmisson and system control, defining the requirements and respongibilities
to meet time-varying customer loads
isincreasngly important. Regulation
and load following are the two key 100 TOTAL

andillary servicesrequired to perform - e
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- Base (Schedule)
- Ramp (Load Following)
- Fluctuations (Regulation)
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L oads can be decomposed into three
dements(Fg. 1). Thefirs dementis
the average load (base) during the
scheduling period. The second a
element is the trend (ramp) during I
the hour and from hour to hour (the
morning pickup in this case). The ||.. TIME 8
third dement is the rgpid fluctuations
in load around the underlying trend.
The system responses to the second
and third componentsare caled load
fallowing and regulation. Thesetwo servicesensurethat, under norma operating conditions, acontrol area
is able to balance generation to load.
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Fig. 1. Components of a hypothetical load on a weekday
mor ning.

Earlier analysis showed that base energy, load-following and regulation can be parsed numericaly. [Hirst
and Kirby 1996 and 1998] Base energy is Smply the integrated energy consumption for the hour. Load-
falowing is extracted by caculating the 30-minute rolling average of the two minute load consumption
readings.” This diminates the short-term fluctuations. The load-following metric is Ssmply the difference
between the highest and lowest vaues within each hour of the 30-minute ralling average. Regulation isthe
residual fluctuations, the difference between the raw 2 minute load data and the 30-minute rolling average,
and can be measured using the standard deviation of the 30 two minute readings for each hour.

LO&] fO”OWlngt = Lowegimaw_t = M%n (Lt-7 + LI-G + e + Lt + Lt+1 + e + Lt+7) y

Regulaion = Load; ! Loa0uyimaedt -

“The use of arolling average to separate regulation from load following is an analytica convenience,
not possible in real time. System operators instead use sophisticated analytical methodsto forecast loads for
the next few hours, based on current and expected weather conditions, prior loads, and other factors.
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Thereis no hard-and-fast rule to define the temporal boundary between regulation and load following. If
the time chosen for the split istoo short (e.g., five minutes), too much of the fluctuationswill gppear asload
fallowing and not enough as regulation. If the boundary is too long (e.g., 60 minutes), too much of the
fluctuations will show up as regulation and not enough as load following. But in each case, the totd is
unchanged and is captured by one or the other of these two services.

CUSTOMER SPECIFIC METRICS

Having established system-level metricsfor regulation, weturn our attention to the devel opment of metrics
for customer-specific assgnment of the tota regulation amount. This customer dlocation is especidly
important for utilities that have nonconforming loads (e.g., sed mills).

To facilitate this analysis we obtained 30-second data from a control-area operator on generation, net
imports, totd load, and 8 largeindustrid loadsfor a12-day periodin February 1999. Theselargeindustria
customers include, among others, sted mills, ail refineries, and air-separation facilities. For confidentidity
reasons, we scaled al the data shown
here.

We summed theindudtrid loadsto create mm \/\/\/\/\W\/\

a subgroup that we cadled industrial
load. We cdled the difference between
total load and industrial load
nonindustrial load. Figure 2 shows the
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hourly loads for five days (Wednesday - —Total Load
through Sunday). The tota and et
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winter patternswith morning and evening
peaks, and with lower loads (by about
10%) on the weekends. The industrial
load, on the other hand, is relativey
congtant from hour to hour. Its coefficient of variation (ratio of standard deviation to mean) is about half
that of the nonindustrid load.

Fig. 2. Hourly system load, nonindustrial load, and
industrial load for five days.

REGULATION

Because regulation is the short, minute-to-minute fluctuations in load, the regulaion component of each
customer’sload islargey uncorreated with those of other customers. If each customer’ sload fluctuations
(F;) is completely independent of the remainder of the system, thetota regulation requirement (F+) would

equa
F=/3F2,

wherei refersto an individud customer and T isthe system totd.
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Share = (Fi/F7)?,

and there would be no need to andyze interactions among customer loadsin calculating the total regulation

burden.

If, on the other hand, the loads are completely correlated with each other [i.e, the correlaion coefficient
(r) between each pair of loadsequds 1], the tota regulation requirement isthe smple sum of theindividua

requirements:
Fr=3F.

In this idedized case, the share of regulation
assigned to each customer would equal

Sharg = Fi/F+ .

Figure 3 shows results from an andysis of data
for 19 large industrid customers from another
control area. As expected, the actud value of
the totd regulation requirement is dightly (9%)
higher than the total calculated as if the loads
were completely uncorrdlated. Also as
expected, the actud vaue is much less (63%)
than that caculated as if the loads were
completely correlated. In this case, the loads
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REGULATION REQUIREMENT FOR 19

Fig. 3.

exhibit adight postive correlation with each other.

The question is how to dlocate farly the tota
regulaion requirement between loads. The
dlocation method should yidd results that are
independent of any subaggregations. In other
words, the assgnment of regulation to load L
should not depend on whether L is billed for
regulationindependently of other loads or as part
of a group of loads. In addition, the alocation
method should reward (pay) loadsthat reducethe
totd regulation burden.

Figure 4 illugrates schematicdly the method that
we developed for such dlocations. This method

OLoads Completely Correlated
DOActual

mlLoads Completely Uncorrelated

Regulation requirement for 19 customers,
showing therelationshipsamongtheactual
value and those requirements that would

occur if the loads were completely
uncorrelated or were perfectly correated.
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Fig. 4. Allocation of individual loads A and B to

regulation Total. X is A’s share of the
total. B’s share, by subtraction, isTotal ¥
X.



works for the two extreme Situations discussed above, when loads are either completely uncorrelated or
perfectly correlated. Moreimportant, thismethod yiel ds reasonable resultsfor theintermediate caseswhen
loads are partially correlated with each other. Consder two loads A and B and the Total, with the
regulation requirement of each based on the standard deviation of the short-term fluctuations. We propose
an gpproach to caculating the contribution of A to theTotal, based on the projection of A onto the Total
(shown as X in Fg. 4):

X = (Total® + A2 1 B?)/(2 x Total) .

The contribution of B to the Total isthen equd to
Total 1 Xor

Total ! X = (Total2 + B? 1 A?)/(2 x
Total) .
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This method can be extended to three or more
loads through disaggregation of the totd into
vaious components. The only computationa
requirement isto calculate the tandard deviation of
each component and of each subtota (total minus
load i).
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The method proposed here can accommodate @ i 5. Average hourly regulation requirements for
mix of individua Iy metered loads and industrid and nonindustrid loads.
subaggregations, such as severd large indugtrid

loadsthat are metered separately and aggregations

of thousands of residentid and commercid customers. The subaggregeations of the nonmetered resdentia
and commercid loadswill havethe correct share of regulation assigned to them; any cost shifting will occur
within the subaggregations and not between the subaggregations and the individualy metered loads. This
desirable property greetly reduces the need to meter any but the most nonconforming loads.

LOAD-FOLLOWING
We cd culate each customer’ s share of load following (or that of each group of customers) asthe ratio of
the customer’ s coincident |oad-following amount to the tota |oad-following amount:

Shara = (Lowi,Tn‘ax ! Lowi,Tmin)/(Lomeax ! Loxlein) ’

wherei refers to a customer or group of customers, T, isthetime within the hour that the system reaches
itsmaximum load, and T, is the time within the hour that the system reachesits minimum load. Notethat
Trex @d T, refer to the times of the maximum and minimum system loads, not those for the individua
components.
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During the 12 days studied, the hourly regulation
gandard deviation for the system as a whole
ranged between 16 and 50 MW, with amean of
31 MW. Thenonindugtrid and indudtria standard
devidions averaged 10 and 31 MW. The
regulation requirement did not vary dramaticaly
throughout the average day, as shown in Fg. 5.

Hourly Load-Following (MW

The dlocation method assigned the indugtrid  Fig. 6. Load-Following requirement for 1 day.
customers 93% of the regulation total, amost
triple their 34% share of system load. We applied
the same method to allocate the industria load
among itscomponents (Table 1). Interestingly, two ot Load
of the loads are negatively corrdated with the ' T el
others, vyidding smdl negative regulation
requirements.

Average Hourly Load-Following
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LOAD-FOLLOWING

Hgure 6 shows load-following requirements for
one of the 12 days studied in this project. The
dramatic hour-to-hour variaionsare quite different Average Load-Following Magnitude
from the pattern we had expected to see. 120

100 4
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We had anticipated an early-morning pesak, an
early-evening peak, and a late-evening drop-off. s
The hourly averages across al the daysshow just |
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sucha pattern (top of Fig. 7). Averaged acrossall ] ,‘I AT I'('\,}(m'-/ .
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drop sharply at 9 and 10 pm. We had not |-~ =~ ° ° & & ¥ & & & & |

anticipated the large, random, load-following  Fig 7. Moming and evening nonindustrial load-

requirements of the nonindustrid customers following requirements are predictable, mid-
day and mid-night indudtrid requirementsare

The bottom part of Figure 7 hdpsexplain the high not.

share of load-following assigned to theindudtrids.
It shows the absolute value of system load
fallowing and the coincident contributions from the two components. It shows clearly theimportance of the



indudtrid load during the hours of mild load-following changes. Unlike the nonindudtrid load, theindustrid
load' s load-following pattern is not predictable from day to day.

Because the cost of load following islikely to vary from hour to hour and be more expensive during peek-
demand periods, the industrid share of load-following costs is likey to be lower than 56%.
Correspondingly, the nonindustrid shares of load following and energy are 42% and 66%. Given this
ubstantia difference between shares of load and load following, customer-specific assgnment of load
following is probably warranted.

We dso examined theindividud indugtria loads and their relationship to the totdl indudtrid load. Here, too,
the shares of load-following requirement vary considerably, both in absolute terms and relative to the
energy shares (Table 1). For example, one customer accounted for 22% of the indusdtrid energy use but
40% of the indugtria 1oad-following requirement. On the other hand, another accounted for 33% of the
energy share but none of the load-following requirement.

Table 1. Characteristics of total load and its componentsfor 12 daysin February 1999
Energy Regulation Load following

(MW)  Share (%) (MW) Share (%) (MW) Share (%)

Tota load 1954 — 31.2 — 63.9 —

Nonindustrial load 1284 65.7 2.2 7.2 27.0 42.3
Industriad load 670 34.3 29.0 92.8 36.9 57.7
1 264 135 16.4 52.6 20.9 32.7
2 3 1.7 2.8 9.0 4.2 6.6
3 77 3.9 6.4 20.5 59 9.2
4 10 0.5 0.5 1.7 0.4 0.6
5 10 0.5 2.9 9.2 54 8.5
6 275 14.1 -0.1 -0.2 0.0 0.0

CONCLUSIONS

Current U.S. utility practice (i.e, the tariffs filed with FERC as required by Order 888) typically charges
customers for ancillary services on the basis of average load (i.e., energy). Application of the adlocation
methods devel oped here showsthat charging customersfor these ancillary serviceson the basis of average
loads can beinequitable. For one control area, afew largeindustrial customers account for 34% of system
load, compared with 93% of the regulation and 58% of the load-following requirements. The subsidies
inherent intoday’ s ancillary-service pricing methods cannot, and should not, be sustained. Indeed, indudtriad
customers with near-time-invariant loads, such as duminum smdters and paper mills, will judiifigbly dam
they require none of these services and, therefore, should not have to pay for them.

The results presented here are consi stent with anecdota evidence from other control areas. Theregulation
requirements for one utility are 50% higher when a single meta-fabrication customer operates than when



that customer is offline. Another utility hastwo sted mills that account for 3% of total load, but over 50%
of regulaion and load-following requirements. A stedl mill in athird utility’ s service area accounts for 1%
of load and 22% of regulation requirements; apaper mill in the same service areaaccounts for 5% of load
but only 1% of regulation.

Fair pricing, and sustainable dectricity markets, require that prices more closely reflect consumption.
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