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occasionally, for limited periods, if the price was right. For many applications of
electricity in a wide range of facilities, getting be paid $0.50 - 1.00/kWh to reduce is an
attractive proposition.

Fortunately, the electricity industry is starting to recognize the value of these load
management capabilities and is working on ways to incorporate them into the overall
operation of the power system. A new wave of Demand Response (DR) programs 1s
being implemented by Independent System Operators (ISOs), entities that are formed to
operate transmission grids, preserve system reliability, and operate spot market auctions
where buyers and sellers can meet to complete their obligations. These DR programs
provide new opportunities for customers to earn money by managing facility loads in
response to market prices.

Overview of Existing Demand Response Programs

The DR programs offered by ISOs are designed to integrate load curtailments directly
into system operations. They typically pay participants amounts that are equivalent to
what generators are paid for equivalent services. Some programs resemble legacy utility
load management programs whereby participants receive an up-front option payment in
return for agreeing to curtail load when asked by the ISO. Others are a variation of the
real-time pricing (RTP) programs offered by some utilities. In some cases, [SOs are
offering programs that provide unique opportunities to receive market prices for load
curtailments. Table 1 lists various ISO markets and/or services and the typical features of
demand response programs in that market. We have categorized DR programs into five
basic types with examples of current ISO programs.

Customer’s ability and cost to participate in ISO DR programs is influenced by the
specific program features (e.g., notice, duration and frequency of curtailment, penalties
for non-performance, and payments).] The installed capacity (ICAP), ancillary services,
and emergency resources programs treat DR resources as capacity that is dispatched by
the ISO system operator to meet system needs. ICAP and emergency DR are generally
deployed on two hours notice in emergency situations, when generator capacity to
maintain reserves is not available. Ancillary services are scheduled by the 1SO a day
ahead and called upon as needed on very short notice, usually less than 30 minutes. DR
resources can also supply the system’s energy needs when the price is right for the
participant. Customers or load aggregators can bid load curtailments into the day-ahead
market and if the price is lower than a competing generation bid, the curtailment is
scheduled by the ISO. The customer submits a bid for the next day, which includes a
load reduction quantity at a specified price during specific time periods and receives an
acceptance or rejection from the ISO generally by about noon. The balancing market

! Unlike legacy load management programs provided by regulated utilities, ISO program participation is
often distinct from the customer’s retail service. In some cases, a customer can take commodity service
from one entity, get basic network services from the local utility, and participate in the DR program

through a third entity.



operates in near real-time; customers can elect to reduce their usage in response to the
level and trend of prevailing prices and are paid the final market-clearing price in the
real-time energy market.

Table 1: New Load Management Opportunities

Feature

Function of DR in ISO Markets

Day Ahead Ancillary .
Emergency Electricity ICAP Services Balancing
Notice 2 hours Prior afternoon 2 hours or less 5 to 30 minutes Hours to minutes
Duration 4 or more hours As bid by customer 2 or more hours As bid by 1 to 8 hours
; Unlimited, most | customer and .
and scheduled b ’ . :
Frequency As dispatched 50 Y fikely in summer | dispatched by Self- dlspgtched
by ISO months 180 when available
Reservation Yes (6 month Yes {daily
Payment None None market value) markets) None
£:;il'-(l)11;:11tance Yes Yes In some cases Yes Yes
sﬁ’gpm $0.50/kWh $0.05-0.99/kWh | $0.05- 0.50/kWh | $0.01- 0.99/kWh | $0.01 - 0.50/kWh
Cash and
Penalty None Market price E?{&E‘;‘;ﬂon Market price None
penalties
Reference NYISO EDRP | NYISO DADRP NYISO ICAP CAISO & I1SO- ERCOT, Load as
2002 NE Class [ a resource

Table 1 provides examples of the financial rewards that are attainable under various types
of DR programs. The ICAP program provides up-front payments (called reservation or
capacity payment), which facilitates financing or funding costs associated with preparing
to meet the curtailment obligation. Some ISO ICAP programs also provide for an
additional payment for the energy delivered when a curtailment is called. However,
noncompliance penalties can consume all of the up-front payment, and result in the
habitually noncompliant customer having to pay the ISO money to settle the account at
the end of the term. Conversely, ISO emergency resources programs often do not
penalize customers that fail to curtail load in response to 1SO requests. However, there is
also no guarantee that load curtailments will be called. The ISO programs that require
customers to bid into ISO markets (i.c., the day-ahead and ancillary services market)
provide customers with greater control. Customers offer their price, quantity, and time to
curtail load. Customers avoid unwanted exposure to penalties when they cannot curtail
by not submitting a bid. However, the benefits earned depend on prevailing market
prices, and the customer’s availability to curtail when prices are high.

How Should Facility Managers Assess Their DR Capabilities?

How should customers determine whether or not to participate and select the best
program for their facilities, given the multiple programs offered by an ISO? Based on




our research into participation in DR programs, we recommend that facility and energy
managers first conduct a systematic assessment of their load curtailment capability and
develop a supply curve that characterizes the price at which they are willing to curtail at
various compensation rates (see Figure 1). Since DR program events are most likely to
occur during summer afternoons, the process should be conducted for that period, at least
initially.

1. Inventory
major end-uses

Curtailable load y )
l l L l Non-curfailable
Discretionary ’ Flexible | | Storage | | ge(zg;;l:ﬁm | Yoad
T

f .. 3. Categorize by notice ' |

Pl M
|Day—aheadl I ~2 hours | |10-30 nin. fi

4. Construct
curtaifment supply curve

Figure 1: Process to Construct Supply of Curtailment Capability

Facility managers should compile an inventory of electric usage, equipment and devices.
Those that cannot operate independently should be considered as an equipment cluster.
Next, the items in the inventory are functionalized according to whether or not they are
potentially curtailable. Electrical equipment, devices or end use loads that are potentially
curtailable are grouped by type of services provided. Discretionary services are those that
the facility could do without for a short period of time. Over 25% of DR program
participants report turning off banks of lights or reducing HVAC operation [Neenan,
2003]. Flexible usage is associated with routine facility operation or services that can be
shifted to another time period (e.g., the same day or another day). Examples include
recharging batteries, cleaning and maintenance activities, or re-scheduling of work shifts
on event days. Some facilities can use intermediate product or process storage to reduce
usage during an event without actually reducing the facility’s output or services. For
example, many paper processing and cement plants report building up electricity
intensive feedstock that is drawn down during curtailment events. Wastewater treatment
plants store the water to be treated for later processing. Finally, customers with properly
configured on-site generation can use its output to effect a virtual curtailment.

Next, the functionalized electricity uses are categorized according to how much time is
required to accomplish their curtailment to align load reduction capability with ISO
program notice provisions (see step 3 in Figure 1). Those electric uses that require a day’s
advance planning are separated from those uses/equipment that can be curtailed on the
same day with varying amounts of notice (e.g., ranging from 10 to 30 minutes to two



hours)® For programs that require very short notice (i.c., 10 to 30 minutes), ISOs often
require more expensive metering, more frequent communications, and in some cases,
cycling requirements for short time periods (e.g., less than an hour). If these additional
provisions are difficult for customers to accommodate, the electric use should be moved
to a category with more notice.

The final step involves representing the facility’s load curtailment capability in the form
of a supply curve (see step 4 in Figure 1). This is accomplished by assigning costs for
curtailing various types of identified usage elements or equipment clusters in each notice
category, and then stacking the elements from lowest to highest curtailment cost.
Establishing cost bins will simplify this process. For example, it makes sense to create
low, medium and high cost bins (e.g., set at $0.25/kWh, 0.50/kWh and $0.75/kWh,
respectively) and sort usage elements and equipment clusters that can be curtailed into
these cost curtailment bins.

How do you estimate costs of curtailing various types of usage elements or equipment
clusters and other impacts on the facility? Curtailing discretionary usage involves direct
costs such as labor or other costs associated with shutting equipment down. Facility
managers must also value any potential inconvenience to building occupants from
reduced services or amenities, which is harder to quantify. Customers that can curtail
flexible usage must recover the costs associated with that shift (e.g., additional labor
costs, paying overtime, or added materials and process costs). Storage is possible only by
making investments in holding facilities for process feedstock, the amortized cost of
which must be recovered, at least in part, from curtatlment payments. Operating on-site
generation incurs fuel and O&M costs.

Figure 2 provides a stylized example of the results of this load curtailment assessment
process. The curtailment supply curve is interpreted as follows. On the horizontal axis,
the first block of load is considered firm and non-curtailable. The remaining load
represents the supply of curtailable load that is available at different curtailment prices,
up to the maximum usage, represented by the customer baseline (CBL). The points on
the vertical axis represent curtailment threshold prices (CTP). The facility would require
a low curtailment price (CTPL} to curtail the amount represented by the first load
curtailment supply block (CSy). Subsequent blocks (CSy and CSy) are available, but at
higher payment levels (CTPy and CTPy). The curtailment supply curve of Figure 2
furnishes the basis for the development of a bidding strategy by the customer. The
curtailment supply curve represents the customer’s cost of curtailment. The bid curve is
fundamentally composed of the curtailment supply curve plus a profit or other bidding
constraints that the ISO may impose. For instance, a bid curve with a 10% profit margin
would elevate the price thresholds by 10%, for the same load reduction amount.

* In assessing time required for electric uses/equipment to curtail, customers should create categories that
are consistent with their ISO’s specific notice requirements.
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Figure 2: Facility Curtailment Supply Curve

We recommend that customers test their load curtailment strategy before committing to a
DR program that has penalty clauses for non- or partial performance. Some [SO
programs require that customers demonstrate that their subscribed or claimed load

curtailments can be achieved.

Potential Benefits from DR Programs

To illustrate this load curtailment assessment process and the potential benefits of
customers participating in ISO DR programs, we consider a hypothetical commercial
building in New York City with a summer daytime peak demand of 3 MW that is
considering enrolling in the DR programs offered by the New York Independent System
Operator (NYISO). In this example, we consider only usage in the discretionary and on-
site generation categories. The facility manager estimates that he has 700 kW of load
curtailment capability, about 23% of summer peak demand, comprised of 250 kW of
discretionary load and 450 kW of self-supply (see Table 2). The costs for executing
individual curtailment strategies include estimates of the labor required to manually turn
off equipment, monitor load curtailment performance and restore the load after the event.
We estimated a labor rate of $60/hour. To evaluate the benefits of curtailing, we assumed
a 5-hour curtailment period (from noon to 5 p.m.) that is coincident with highest electric
demand period for the building. Table 2 shows total cost of each measure as well as the
cost per unit energy curtailed over the 5-hour curtailment event. Costs for individual load
reduction strategies range between 11¢ and 40¢ per kWh. Other impacts on the facility
such as valuing any reduction in service or amenity levels, which are more difficult to

quantify, are not included.



Table 2: Inventory and Characteristics of Demand Responsiveness for Hypothetical Building

Load Reduction Capabilities Cost
. Labor for load
- 1 . . .
End-use inventory Discretionary Self-supply ]I_“;E?Sr reduction [¢ﬁ:;:fth]
/uel cost

HVAC 1000 kW | Reset thermostat 60 kW 2h 5120 40

Lighting gookw | Dimlishtingat g,y 2h $120 27
perimeter
Shut off

Escalators, clevators 270 kW 100 kW 1h $60 il
escalators

Office equip/other 850 kW

Emergency generator | 450 kW 450 kW lh 12 ¢!$i(§»’(\)v’l!|}]ft:)s"r fel 15

Total (Load) 3000 kW 250 kW

Total (Gen) 450 kKW

Total (Load+Gen) 700 kW

Figure 3 illustrates the supply curve of selected load reduction measures inventoried in
Table 2.
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Figure 3: Example of Supply Curve of Load Curtailments for Hypothetical
Building

Given the results of the load reduction assessment, it appears to be cost effective for the
hypothetical facility to participate in three DR programs: ICAP, day-ahead market and
EMergercy resources”.

To estimate the potential benefits, we examine two scenarios: (1) manually executing and
monitoring the measures and restoring the load after the event, and (2) a scenario in
which the customer invests and upgrades the facility’s energy management and control
system (EMCS). The EMCS upgrade reduces the cost of dispatching load reductions by
enabling the facility operator to remotely trigger and monitor the load reduction, and to

? The emergency program benefits are not estimated in the following example because they are influenced
by factors other than price. Because of the expensive telemetry requirements and the very short notification
for the ancillary services and balancing, these two programs are also not considered in our example.




restore the load after the event. To improve the flexibility and cost effectiveness of the
automated load reduction dispatch, we estimated that it would cost about $32,000 for
automation that included the installed cost for lighting and HVAC controls, and remote
controls for the escalators. Additional controls for the emergency generator would cost
$68,000. The future revenue estimates are based on price data from NYISO markets for
the summer of 2001.*

The day-ahead market program requires customers (or load aggregators) to develop a
bidding strategy based on curtailment availability, costs, and the likelihood of being
scheduled given their forecast of day-ahead clectricity market prices. For our example,
the facility decides to bid curtailments at its curtailment cost for a 5-hour time block
(noon to 5 p.m.). Customers can bundle measures together and bid shorter time blocks
(e.g., 2 hours), particularly if the inconvenience to the occupants is a significant concern,
but that influences the revenue potential. In our example, at a bid price at $50/MWh (as
used in the DR investment scenario), we estimate that the facility’s bid would be
accepted for 98 days based on 2001 NYISO prices in New York City. Fora higher bid
price, the chance is lower that the wholesale prices will exceed the bid price. As the
facility’s bid price is reduced, additional curtailments are scheduled, which Increases
their payments from the ISO (i.e., revenues to the customer).

The revenue for the 5-hour curtailment over 98 selected days is calculated by multiplying
the curtailment amount in (MWh) by the hourly clearing price of electric energy in
($/MWh) for the selected 98 curtailment periods. During these periods, the hourly
clearing price of electric energy is equal to or greater than the bid price and changes
every hour. The revenue estimates were determined based on NYISO market clearing
price data of the day-ahead market for a 6-month summer period in 2001.

The ICAP program requires 24/7 availability of the load curtailment resource for a
minimum contract period of one month with two hours or less of response time. In our
example, the emergency generator is the only resource that can meet the availability
requirement since we assume that the facility cannot meet the load curtailment obligation
by reducing loads if an event is called outside of normal operating hours.

Table 3 summarizes estimated revenues and profits by curtailment strategy for the two
DR programs (day-ahead market program and ICAP). Results are provided for
investment and no investment scenarios over a 6-month summer period in 2001, The
results indicate that the DR investment significantly lowers the curtailment cost, which
permits the customer to lower the bid price to $50/MWh.> Thus, the revenues and the
profits for the curtailment strategies are higher than those for manual load curtailment
scenario. The investment in EMCS system upgrade would increase annual profits by
about $5,600. This represents a 5 to 6-year payback on the investment of $32,000. This
payback time is at the lower end of the range that is generally acceptable to these kinds of
customers. But the enhanced automation capability from the upgraded EMCS system

* NYISO price data for 2001 are available on the web at: http:/fwww.nyiso.com/markets/index.htmi

5 For 2002, NYISO established a floor price for demand bidders in the day-ahead market of $50/MWh.



decreases the response time for these strategies. The customer can now seriously
consider participating in the ICAP program and committing the 250 kW of load reduction
measures, which would generate additional revenue of $13,000 ($52,500/MW *
0.25MW). Given the improved economics, the facility may be more willing to accept the
relatively low risk that the ISO may call an ICAP event outside of the normal operating
hours of the facility (e.g., nighttime).

We conducted a sensitivity analysis and applied an additional inconvenience cost of
$2.00/kW to the cost of the lighting and thermostat reset measures. We used an outage
cost value of $2.00/kWh, which is about half of what is generally accepted to reflect the
cost to customers of a curtailment on very short notice [Balducci et al., 2002]. An
inconvenience cost of $2/kW for the thermostat reset measure, on top of the operating
cost for exccuting the measure, will significantly raise the customer’s curtailment costs
and bid price (from $50/MWh to $450/MWh), resulting in a decrease of annual revenue
and profits. Using the example of Table 3 for the DR investment scenario, the profits for
the lighting and thermostat reset measure would be reduced from $3600 to $300.

Table 3: Revenue and Profit Estimates for Selected Curtailment Measures Based on Summer 2001
NYSIO Market Data

Day-ahead ICAP 2001
Measures Program Cg;e;:lgwh) Day-ahead | Revenues Events Commitm| Revenues sﬂ:‘:;;fr

Bid ($/MWh)| ($/MW) ent (kW) ($/MW) %)
turn off escalators day-ahead 1t 114 13,400 14 500G
Manual load tl._lrn gmergencylgentset on ICAP 15 450 52,500 22,300
curtailment. no dim lights in perimeter zones  |day-ahead 27 400 4,100 1 200
DR inveslmlsm_i resel thermostats day-ahead 40 400 4,100 1 100
Total (Day-ahead) 800
Total 23,100
turn off escalators day-ahead 2 50 39,800 98 2,800
turn emergency gentset on ICAP 13 450 52,500 22,400
With DR dim lights in perimeter zones  [day-ahead 3 50 39,90¢ 98 2,400
investment  [reset thermosiats day-ahead 4 50 39,900 98 1,200
Total {(Day-ahead) 6,400
Tatal 28,800

Note: $10/MWh = ¢1/kWh

This example illustrates the fact that many commercial customers may require either an
upiront or ongoing payment in order to seriously consider investing in enhanced
automation to participate in DR programs. Participating in ICAP-type markets provides
the up-front reservation payments, which are particularly attractive if load aggregators or
other third parties offer insurance products to cover losses incurred when ICAP calls do
not coincide with the resource availability in the commercial buildings sector. In such a
market environment where risk can be managed, DR activity and investment in DR
automation will be much more attractive to facility managers.

It should be also noted that the economics of the EMCS-upgrade investment further
improve, when the entire value chain of the enhanced controls and monitoring
capabilities is considered. This includes improved HVAC trouble shooting capabilities,
energy efficiency monitoring, improved O&M opportunities as well as managing overall
peak demand.



Conclusions

To assist facility managers in assessing whether and to what extent they should
participate in demand response programs offered by ISOs, we introduced a systematic
process by which a curtailment supply curve can be developed that integrates costs and
other program provisions and features. This curtailment supply curve functions as a bid
curve, which allows the facility manager to incrementally offer load to the market under
terms and conditions acceptable to the customer. We applied this load curtailment
assessment process to a stylized example of an office building, using programs offered by
NYISO to provide detail and realism [Neenan et. al, 2003; Goldman et al., 2002].

Based on our stylized representation of customer circumstances imposed upon an actual

DR program, we offer the following conclusions:

e SO demand response programs offer facilities new and potentially attractive
opportunities to be compensated for load curtailments at market price.

¢ Discretionary loads that typically represent between 5 and 20% of summer peak
demand using manual approaches, offer limited benefits.

o But, by offering even modest curtailments in low-risk programs, customers gain
experience that can lead to expanded participation in programs with more attractive
benefits, even though they are accompanied by greater risks.

e Investments made to automate these curtailment actions can enhance customer DR
capability, but may have relatively long payback times (5 years or greater).

¢ Participation in ICAP-type programs that offer up-front, reservation payments
provides opportunitics to realize a more certain stream of benefits that can help justify
and support investments in upgraded EMCS systems. These enhanced automation
capabilitics may also enable facility managers to realize other benefits, such as the
ability to manage and control peak demand, receive near-real-time feedback on
hourly energy usage, and obtain improved energy information and general improved
O&M capabilities. However, ICAP-type programs impose performance risks during
off-hours when DR resources are not available.

¢ A facility that has a reliable on-site generator may recover any required investments
in controls or reduced emissions relative quickly in ISO-based capacity markets that
offer up-front reservation payments. But, participation may be restricted by
environmental regulations.

e Our research indicates that many facility managers are participating in emergency DR
programs and earning cash benefits initially by utilizing existing control systems, and
time-honored and low cost actions such as manually switching off lighting and other
discretionary equipment. Over time, we anticipate that this experience will provide
them with the wherewithal to incrementally expand their curtailment capability so
that they can participate in other ISO DR programs that offer higher rewards.

In summary, facility managers should reevaluate the opportunities to turn their load
management capabilities into cash.
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