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ABSTRACT
The structure of the electric utility market and the complex
relationship between suppliers and consumers has undergone
(and is undergoing) changes in recent years as a result of electric deregulation and real-time pricing schemes. This paper
reports some of the results from an ASHRAE research project
entitled “Building Operation and Dynamics Within an Aggregated Load” (RP-1146), which was meant to (a) identify situations and conditions under which aggregating individual
building loads is attractive for managing total, multi-building
load, and (b) identify and evaluate operating and control strategies for use in individual buildings that will reduce energy
operating costs at the aggregate level by taking advantage of
the diversity in demand among buildings. This paper presents
two case studies: one based on an actual urban university with
multiple buildings of different types and functions and one
based on a DOE-2 simulation study that consisted of aggregating three different building types (an office building, a hotel,
and a retail store). The benefits of multi-building load aggregation and control are presented and discussed in this paper.
It is found that both case studies are consistent in their results.
About 5% to 6% demand savings can be achieved due to load
aggregation across multiple buildings as compared to the sum
of the individual peaks even when each of these buildings is
under active load control.
INTRODUCTION
This paper summarizes part of the work performed under
an ASHRAE research project entitled “Building Operation

and Dynamics Within an Aggregated Load” (RP-1146)
(Reddy and Norford 2002), which was meant to:
a. identify situations and conditions under which
aggregating individual building loads is attractive
for managing total, multi-building load and
b. identify and evaluate operating and control strategies for use in individual buildings that will reduce
energy operating costs at the aggregate level by taking advantage of the diversity in demand among
buildings.
Research was done in two phases. Tasks undertaken as
part of Phase I involved an extended background and historical
perspective on electric utility aggregation, a detailed description of each of three case-study sites where multi-building
load aggregation and subsequent energy management strategies were performed, and a summary of the lessons learned
from the above case studies. The second phase of the work
consisted in formulating and developing a list of 11 tools that
could be used by aggregators and their customers to alter the
operation of buildings to control load. These are described in
technical papers by Reddy and Norford (2003) and Norford
and Reddy (2003). This paper presents the historical perspective and the results of one of the case studies. Further, we
present the results of a simulation case study that involved
aggregating three different types of buildings—an office
building, a hotel, and a retail store—along the same type of
load aggregation and energy management strategies as identified under Phase I.
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HISTORICAL PERSPECTIVE ON
ELECTRIC UTILITY AGGREGATION
This section explains the conditions prevalent in existing
deregulated1 electric utility markets, primarily in Massachusetts and Pennsylvania, which give customers a choice of electricity suppliers. The information presented here is a result of
personal discussions with several load consultants participating in the deregulation process and from books such as one by
Thumann (1999). The emphasis of the discussion presented
below is on load control, which arises from a change in the utility environment and is not meant to be an authoritative discussion on deregulation per se. Note also that the deregulation
scenario is in a state of constant flux and has evolved greatly
in the last few years. Because building load control is more
attractive under demand-based rate structures, the focus is on
the characteristics of these rates and the behavior of customers
who must respond to them.
Participation in Deregulation
While many of the players in the competitive electric
market are larger commercial and industrial campuses,
smaller customers also have the option to take advantage of
unbundled prices and better rates for electric usage. The problem is that many small customers must be aggregated for the
supplier to ensure the demand of a significant portion of his
generating capacity. From the supply side, this involves great
risk and, therefore, incentives for such activity are presently
minimal. The following sections describe, in more detail, the
process of deregulation and break down customers who take
advantage of it.
Restructuring and Retail Access
Electric industry restructuring has introduced retail
access. Retail access enables end-use customers to “shop” for
the electric services that suit their needs. Such services include
both the energy component (the electricity itself) as well as
other “value added” options. Such options may include billing
choices, energy pricing options, and various support services.
Examples of these are:
1.

1.

2

Aggregate or coincident (also known as conjunctive or
consolidated billing)—This pertains to the case when a
customer receives one monthly bill for the aggregate peak
demand of all his or her electric meters as compared to a bill
that reflects the sum of all the individual peaks of his or her
electric meters. This type of aggregation takes place at the
facility level—usually a large institution—where it is feasible to combine all existing electrical services into one large
service.
Some load consultants consider the term “electric deregulation”
to be a misnomer, preferring instead to use the term “re-regulation.” In any case, what we imply here is an important change from
the former regulatory environment in which generation, transmission, and distribution have been separated into distinct activities,
which are no longer under the exclusive jurisdiction of one
company.

2.

Budget billing—A customer is billed the same amount each
month with minor corrections annually (available for some
time).

3.

Fixed price energy.

4.

Energy priced at a benchmark plus or minus some percentage.

5.

Energy use analyses.

6.

Energy efficiency engineering and design services.

The term “load control” refers to changes in the operation
and dynamics of individual buildings, which come from shifting load from high-priced hours to low-priced hours. While
energy-saving measures may also be employed to reduce
consumption, they cannot be considered to be load control
measures unless the customer has the ability to curtail load in
response to some demand signal.
So far, retail access has been implemented in California,
Massachusetts, and Pennsylvania. Additionally, restructuring
legislation has been enacted in eighteen states, including
Arizona, Arkansas, Connecticut, Delaware, Illinois, Maine,
Maryland, Montana, Nevada, New Hampshire, New Jersey,
New Mexico, Ohio, Oklahoma, Oregon, Rhode Island, Texas,
and Virginia (EIA 1998). Most remaining states are investigating the possibility of electric restructuring. In December
1999, the Federal Energy Regulatory Commission (FERC)
ordered all electric utilities to file plans to be part of Regional
Transmission Groups by late 2000. This order, Order 2000,
has subsequently been watered down in 2002, with FERC
currently having a market structure white paper for discussion
(Fernands 2003).
In states where electric retail competition has been implemented, building owners have three major categories of opportunities to reduce their annual electricity bill—changing
suppliers (supply choice), shifting consumption from highprice hours to lower-price hours (load control), and reducing
the level of consumption (efficiency improvement). Of these,
changing suppliers is the newest option and is the least capital
intensive. The remaining two options—load control and efficiency improvement—have been available for many years and
often require major capital investments.
To assist customers who elect not to choose an energy
supplier, states have created “default service.” Default service,
also called the standard offer, is a price-regulated service
offered by providers meeting state-set criteria. The method
used to set prices for standard offer service varies from state to
state. For example, in Pennsylvania, prices were set for each
customer class, by utility, to approximate retail levels. In
contrast, in Massachusetts, a single price was set for all
customer classes within each utility. The Massachusetts prices
were set at or below wholesale levels in the initial years and are
now increasing to estimated retail levels over a seven-year
transition period.
The terms and conditions of “standard offer” service have
a major impact on the benefits that may be accrued through the
use of the energy control strategies mentioned above. In some
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utility service territories, the savings due to load control may
be lower during post-deregulation relative to pre-deregulation
because of the design of standard offer service and the policy
governing the recovery of a utility's stranded costs. In some
instances, standard offer service prices are so low as to
discourage competition from other energy suppliers because
the margins available to them do not exceed the cost of
customer acquisition. Similarly, some standard service offerings are attractive to customers, and the opportunity cost of
researching options may appear to outweigh the savings available; hence, the consumer is not encouraged to leave the
default service.
Building owners in states with retail competition have
begun to switch from “standard offer” service to competitive
energy suppliers. Suppliers are soliciting building owners with
attractive pricing and other service options. The attractive
pricing is available because if a supplier can guarantee sufficient load over a pre-specified duration, the supplier can
frequently obtain power at lower rates than could a building
owner acting alone. Such suppliers may be able to offer electricity at a price less than “standard offer” because their participants have entered multi-year purchasing commitments and
not because they have a load profile materially different from
the load profile of customers who chose the standard offer
service. Power suppliers focusing primarily on buildings with
a load profile appreciably different from standard offer service
appear to be the exception rather than the rule. Building
owners in these situations benefit because the savings on the
energy component can outweigh benefits that may be achieved
through load control or efficiency improvements. This is due
in part to how electric prices are currently structured.
ACTUAL CASE STUDY: SITE #1
Site#1 is an average urban university with a wide variety
of building types that includes offices, classrooms, labs, and
dormitories. Even more importantly, buildings of like use are
often in close proximity to one another. For this reason, even
in cases where individual building information is not present,
a use profile may be relatively easy to discern, especially in
those areas where a complex of similar buildings is served by
one mechanical plant. Also, the senior plant engineer has
extensive knowledge of the optimization techniques that have
been used to shave demand peaks in the past eight years. The
building automation system (BAS) data for the primary
mechanical plants on campus are readily available in electronic format. Facilities personnel have been most helpful in
sharing information regarding load control strategies, utility
rate information, and personal experiences with load aggregation and deregulation.
Site Characteristics
This site consists of 23 buildings, representing just over
2,190,000 ft2, and includes dormitories, offices, laboratories,
classrooms, two theaters, a parking garage, a library, and an
athletic center. Restricted to a few city blocks, the residence
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halls are grouped on one end of campus while research and
laboratory facilities are similarly grouped on the other end of
campus.
The site is served by nine substations, each with its own
meter. In 1998, following electric utility deregulation in Pennsylvania, this site sought to reduce overall energy costs. The
university experienced an average monthly load factor as high
as 0.70 and had a favorable electric usage profile on a diurnal
and seasonal basis. Historically, this was because the north end
of campus, primarily residence halls, dominated the university
demand in winter while the south end of campus peaked
during the summer months. These characteristics made this
university campus a target for load aggregators who offered a
decreased rate for power generation and supply to university
officials if they would sign a supply contract for up to three
years. The university declined, assuming correctly that it
could shop for a better rate on its own than what the load aggregators could offer as part of a larger portfolio. In the end, the
university found it better to negotiate an agreement with its
local distributor and an independent competitive supplier. An
aggregate billing arrangement was implemented that took
advantage of the fact that each zone peaks at a slightly different
time of day.
Building Operations and Dynamics
With its rate structure and utility information fixed, the
facilities manager then focused on how to change building
operations and dynamics to take full advantage of the opportunities presented by aggregation. Various load control strategies using an already available BAS have been initiated to
further augment the savings from the long-term billing agreement. This resulted in approximately an additional 10% reduction in the total annual electric energy cost. These measures
include HVAC equipment replacement, curtailing of nonpriority loads, changing of operation setpoints for chiller and
AHU operation, alternate fuel selection, an energy-efficient
lighting program, and even pre-cooling in the several university buildings. In the library building, the mass of the building
and library stacks is cooled to below comfort levels so that as
occupants and equipment warm the building into the afternoon, less cooling capacity is required to maintain design
temperatures. It was estimated by the facilities manager that
this active pre-cooling scheme saved about $25,000 annually
(assuming the BAS to be a sunk cost). Other strategies include
online monitoring and control of equipment setpoints. As the
building approaches preset demand targets, room temperatures are raised and motor activity reduced to limit peak
demand.
This site has also actively limited demand by linking BAS
systems for multiple buildings and central cooling plants on
the same electric meter. These systems pass information back
and forth and then adjust the cooling plant to serve each building independently. During peak summer conditions, this
enables cooling to be reduced in buildings that are relatively
3

comfortable while increasing cooling in hotter buildings, all
while staying under an established electric demand ceiling.
Utilizing the BAS systems in place in most of the campus
mechanical plants, the majority of the optimization has been
carried out by the senior plant engineer. This manual manipulation has been performed in the form of unique software
routines that are fed to the control systems for several of the
buildings as well as adjustments based on professional experience. The emphasis has clearly been to reduce overall energy
costs, both for demand charges and consumption.
This is a prime example of a peak shaving strategy
employed under our theoretical aggregated load that would
not be in effect if the buildings were considered individually.
The buildings are each operated so that they have a minimal
Table 1.

Metering Groups for Site #1

Meter
#

Buildings
Served

Total Gross
Square
Footage

Mean
Monthly kW
Peak

W/ft2

1

5-6-8-9-11-12

533,840

1,685.58

3.157

2

1-2-3-4-7-27

483,343

1,734.10

3.588

3

13-14

221,036

661.62

2.993

4

15-16

337,600

470.62

1.394

5

55

128,355

241.67

1.883

6

10

44,860

161.83

3.608

7

23

50,630

306.83

6.060

8

20-22

210,200

1,010.05

4.805

9

19-21

185,500

354.42

1.911

2,195,364

6,626.72

3.019

impact on the total energy bill, and monitoring and controlling
multiple buildings further optimizes the aggregated group.
Financial Implications of Aggregation
Though this site participates in a long-term aggregate
service billing agreement, the specifics of this agreement are
confidential and cannot be revealed. However, each individual
group has dedicated load-recording meters that give 30minute historic load data. This allows us to determine both the
aggregated peaks as well as the sum of the individual peaks.
The aggregated load considers all nine zones as one zone for
the entire month. This block is then processed according to the
same rate structures as the individual buildings, but for one
monthly kW and kWh value. The buildings served by each
meter and the associated total gross square footages are given
in Table 1. The normalized peak values of W/ft2 shown in this
table were calculated (by dividing the mean monthly peaks
with the corresponding gross square footage) so as to serve as
rough estimates for comparing the relative demand of the
metered groups. Figure 1 illustrates how the sum of the peaks
and our calculated aggregate demand fluctuate over the course
of a one-year period.
To form a more realistic picture of the site’s overall
profile, the monthly kW peak (Table 1) and monthly kWh
readings were used to compute the load factor2 for every
metered group and every month. In addition, we calculated a
load factor for the theoretical aggregation, indicated by the
coincident values that are plotted in Figures 2a and 2b.
2.

The load factor is the ratio of average demand in kW divided by
the maximum demand in kW. The average demand is calculated
as the ratio of monthly energy use in kWh divided by the number
of hours in the month.

Figure 1 Theoretical peak demand of aggregated (or coincident) load vs. sum of individual peaks for Site #1.
4
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Figure 2a Variation of monthly load factors for metered groups 1-5 for Site #1.

Figure 2b Variation of monthly load factors for metered groups 6-9 and for aggregated (or coincident) load for Site #1.

By extracting monthly electric utility billing information,
we have been able to propose an aggregation scenario that
isolates the savings from aggregation. The following information contains the demand data for one year of metered building
groups (year 2000). Our procedure was to evaluate the
monthly kW demand peaks for each meter and to compare this
value with the actual peak of the aggregated load. The difference is referred to as the kW demand reduction. By multiplying this value by the incremental cost of demand, we
determined the approximate savings for demand reduction
only. For this case study site, we used a realistic value of
$25.00/kW as the marginal demand cost. Note that this value
may not be the same for all cases, nor for all rate structures, but
it allows the annual savings to be compared for each case study
site.
The demand reduction in kW for each month was found
simply as a difference between these two values. The annual
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demand reduction was 5,140 kW (an average of 2.34 W/ft2).
By multiplying this kW difference by the marginal demand
cost, we were able to isolate the monthly and yearly savings
that would be realized if such an aggregation were to occur.
Savings reflected for the entire year come to $128,500, not
including the reduced commodity charges or the additional
buildings on campus that were not considered as part of the
proposed aggregation scenario. This sum is approximately
4.8% of the sum of the individual peaks.
Summary and Conclusions
In summary, this site’s aggressive building monitoring
and control program allowed aggregators to closely examine
the electric usage profile to identify whether or not it would
enhance their portfolio. Because the university campus has a
very favorable profile for this part of the country (i.e., steady
electric usage at night and during cooler months), the univer5

sity had an advantage over many other customers considered
for aggregation. By negotiating an agreement with the local
distribution company and an independent supplier, this site
secured a lower monthly bill for the entire campus. The resulting savings were achieved under the same rate structure and
with minor adjustments to building operation. By controlling
multiple buildings in aggregate, additional savings could be
obtained.
The two other case studies are also described in the report
by Reddy and Norford (2002). They revealed that the motivation for aggregating multiple buildings under the current state
of affairs was essentially energy-cost related (i.e., better rates
could be negotiated because of the larger aggregated load).
Very little was being done in terms of load control in either
individual buildings or in aggregated buildings. Our evaluation of these case study sites was intended to contribute information on how loads for individual buildings have been
aggregated in the past. The control and management of these
multi-building groups was the original focus of the research,
but our findings indicate that for these examples and all others
we have found (except Case Study #1 described above),
demand-limiting strategies are not being currently implemented as a result of aggregation agreements. Deregulation
has lowered commodity prices so substantially—at least in
Pennsylvania—that building and site owners can easily save
as much as 10% of their previous annual electric utility bill.
This makes demand-limiting projects of a large scale prohibitive because, in many cases, the projects do not meet the
financial payback threshold established by the building
owners. Operational changes have also been shunned because
they often sacrifice comfort or profitability.
SIMULATION CASE STUDY
The intent of this section is to demonstrate by means of an
illustrative case study the benefits in multi-building load
aggregation. More specifically, we would like to address the
issue of what are the added financial benefits (and under what
circumstances) for each individual building owner to (1)
aggregate with others and (2) intentionally curtail the load
during peak days in conjunction with the aggregate of buildings.
It is to be pointed out that the scope of this example is not
to demonstrate benefits due to bulk electricity purchase (even
though it is a powerful incentive point under the current deregulated electric scenario) but due to multi-building load aggregation itself. Further, the case study is meant to compare
benefits of curtailing, i.e., reducing, load in buildings as distinguished from load shifting. Note that load curtailment reduces
the magnitude of the load and does not shift it to, say, off-peak
hours. Load shifting makes use of either cool storage systems
or the thermal heat capacity of the building mass itself—
measures that were outside the scope of this project.
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Methodology
The various steps for performing this case study are as
follows:
1.

Select three different building types and an appropriate
geographic location.

2.

Choose appropriate values of lights and equipment density,
occupancy rates, schedules, and secondary and primary
systems.

3.

Pick appropriate electric price signals.

4.

Use the DOE-2 simulation program (Winklemann et al.
1993) to perform yearlong simulations. Then, focus the
analysis on a single day of the year with highest electric
loads.

5.

For this single day, determine the hour-by-hour whole
building electric use.

6.

Identify a small number of likely load curtailment
measures.

7.

Repeat DOE-2 simulations and determine the curtailed
whole building electric use for the same peak day of the
year.

8.

Analyze the results in order to demonstrate financial benefits of multi-building load aggregation both with and without implementing load curtailment.

Description of Buildings and HVAC&R Systems
The geographic location selected was Atlanta, GA, which
experiences both hot summers and cold winters. The on-peak
demand charge is $10/kW and the off-peak charge is $5/kW,
with the on-peak hours being from 11 a.m. until 8 p.m. TMY
climatic data were used to drive the DOE-2 simulations.
Three different building types were selected: an office
building, a hotel, and a retail store. We used prototypical building data described by Huang and Franconi (1999) both in
building and system specification and in how they were operated. Information pertinent to the three buildings is summarized in Table 2. The office building has 90,000 ft2 and five
stories, 12 h/day occupancy, and two screw chillers with VAV
secondary systems. The hotel is 66,000 ft2, with 11 floors, 16
rooms/floor, a lobby, conference rooms, and restaurants and
uses two screw chillers with a four-pipe fan coil distribution
system. The retail store is a 32,000 ft2 building with two stories
and uses packaged rooftop DX cooling units, one per zone. All
three buildings are modeled as having ten zones (four perimeter and one core, for both intermediate floors and the top floor
that is coupled to the roof). The building sizes, internal lighting
and equipment densities, ventilation rates, and primary and
secondary systems are typical for their respective building
types and conform to the ASHRAE energy and comfort standards (ASHRAE 1992). The equipment has been sized such
that stipulated indoor comfort temperatures are satisfied more
than 99% of the hours in the whole year.
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Table 2.

Description of Buildings and Systems Simulated

Bldg Type

Office

Hotel

Retail Store

Total size (ft2)

90,000

66,000

32,000

No. of stories

5

11

2

Dimensions (plan)

220 ft × 90 ft

120 ft × 50 ft

200 ft × 80 ft

No. of zones

10

10

10

Other info

Type A

16 rooms/floor +lobby
+conf. +restaurant

–

Roof

R-20

R-20

R-20

Wall/Windows
U- factor (Btu/°F-ft2)

0.479

0.479

No windows

Schedule
(see Figure 3)

12 h/day

24 h/day

14 h/day

Lighting
(W/ft2)

1.5

2.0

2.0

Equipment
(W/ft2)

2.0

0.25

0.50

Occupant density

200 ft2/person

200 ft2/person

300 ft2/person

Occupied
Unoccupied

20 cfm/person
0 cfm/person

40 cfm/person
40 cfm/person

10 cfm/person
0 cfm/person

Occupied (°F)
Unoccupied (°F)

75
85

72
72

74
85

Screw chillers (2)

Screw chillers (2)

Packaged rooftop

Size

300T

240 T

One per zone

–

VAV

4 pipe fan coil

DX cooling

Gas boiler (space heating)

Hot water reheat

Yes

Yes
(furnace)

Gas water heater
(DHW)

Yes

Yes

Yes

General

Bldg envelope

Internal

Ventilation
Thermostat setting*
Primary equipment†

Secondary
Heating

*
†

Dead band of 3°F with PI control
Secondary and primary systems sized such that indoor conditions were satisfied 99 – 100% of the time on an annual basis

The diversity factors for all three buildings are shown in
Figure 3. Note that the hotel peak occurs in the evening, while
those for the other two buildings occur during normal working
hours. DOE-2 runs were performed for each of these buildings
under the baseline conditions described in Table 2. It was
found that July 3 had the highest electric peaks for all three
buildings, and so this day was selected for subsequent analysis. The outdoor temperature and the horizontal solar radiation
are plotted in Figure 4 for this day.
The hourly electric load profiles for all three buildings
during July 3 are shown in Figure 5. While the peak for the office
is around 530 kW, that for the hotel is about 240 kW (at 8 p.m.),
and that for the retail store is around 320 kW. The individual
building hourly internal loads, consisting of lights and equipment, are also shown for comparative purposes in Figure 5.
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Load Curtailment Measures Selected
As noted earlier, the load curtailment measures considered in this study are those that will result in load reduction,
not load shifting. Four different measures were selected, as
summarized in Table 3. These involve reducing the lighting
and equipment electric density levels, changing the thermostat
settings, and changing the ventilation rates during the occupied hours. The new values selected are lower than the
ASHRAE-recommended standards (and in that sense indoor
human comfort may be said to be compromised), but special
care has been taken to keep them reasonable and not select
extreme values so as to make this case study more compelling
in its conclusions. In that sense, the curtailment measures
selected are deemed to be realistic ones.
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Figure 3 Diversity factors for lighting and equipment for the three buildings.

Figure 4 Hourly outdoor temperature, horizontal solar radiation, and demand rate for the peak day used for analysis (July 3).
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Figure 5a Hourly baseline profiles of total building electric use and the internal electric loads (lights and equipment) during
the peak day for an office building.

Figure 5b Hourly baseline profiles of total building electric use and the internal electric loads (lights and equipment) during
the peak day for a hotel.
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Figure 5c Hourly baseline profiles of total building electric use and the internal electric loads (lights and equipment) during
the peak day for a retail store.

Table 3.

Load Curtailment Measures Selected

Office

Retail Store

Baseline

Load Curtailment

Baseline

Load Curtailment

Baseline

Load Curtailment

Lighting (W/ft )

1.5

1.0

2.0

1.0

2.0

1.0

Equipment
(W/ft2)

2.0

1.0

0.25

0.25

0.50

0.50

Thermostat setting (°F)*

75

78

72

76

74

77

Ventilation*
(cfm/occup.)

20

10

40

30

10

7.5

2

*

Hotel

during occupied period

Analysis of DOE-2 Simulation Results
The DOE-2 simulation program was run for the whole
year for each building separately—both without (baseline
case) and with load curtailment measures. The hourly total
building electric use, for baseline operation and when load
curtailment measures are implemented, is shown in Figures 6
and 7 for individual buildings and for the aggregate, respectively, for the peak day of July 3. The pertinent numerical
results for July 3 are summarized in Table 4. We note that the
on-peak value for the office building was 535 kW and occurred
at 4 p.m. Those for the hotel and the retail occurred at 8 p.m.
and 6 p.m., respectively, with the aggregate of all three buildings occurring at 4 p.m. The “individual sum” column relates
to the case when the three buildings are not aggregated, i.e., if
they are billed individually. Hence, 1,090.7 kW is the sum of
the individual electric peaks of the three buildings under baseline operation (i.e., with no active load control measures).
10

While the sum of the individual buildings resulted in a demand
charge of $16,191, that of the aggregate was 8.4% less because
of the non-coincidence of the peaks in the three buildings.
The second half of Table 4 summarizes benefits of aggregated load in the three buildings where active load control
measures are being implemented. We note from Table 4 that
the cost savings due to aggregation under load curtailment is
6.1%. It is interesting to point out that this value is consistent
with the result obtained from the actual Case Study #1
described above. Finally, the cost reduction when both load
curtailment and aggregation are performed as compared to
baseline operation of the three buildings is found to be 36.3%.
It will be noted that the above numbers are for demand
charges only and do not include energy charges. Since there is
no energy benefit when multi-buildings are aggregated, we
have intentionally chosen not to include energy charges in the
above analysis.
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Figure 6a Hourly total building electric use during the peak day (July 3) for baseline operation and when load curtailment
measures are implemented for an office building.

Figure 6b Hourly total building electric use during the peak day (July 3) for baseline operation and when load curtailment
measures are implemented for a hotel.
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Figure 6c Hourly total building electric use during the peak day (July 3) for baseline operation and when load curtailment
measures are implemented for a retail store.

Figure 7 Hourly aggregated electric use for all three buildings during the peak day (July 3) for baseline operation and when
load curtailment measures are implemented.
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Table 4.

Baseline

Summary of the Simulation Results
Office

Hotel

Retail

Individual
Sum

Aggregate

On-peak (kW)

535
(4 p.m.)

234.5
(8 p.m.)

321.2
(6 p.m.)

1,090.7

988
(4 p.m.)

Off-peak (kW)

522.6

211

323.3

1,056.9

990
(6 p.m.)

Demand charge ($)

$7,963

$3,400

$4,828

$16,191

$14,829

Cost Savings
Fraction
With load
curtailment

8.4%

On-peak (kW)

314
(4 p.m.)

154.4
(8 p.m.)

279.6
(2 p.m.)

748

699
(4 p.m.)

Off-peak (kW)

310

140.9

249.3

700.2

664
(9 a.m.)

Demand charge ($)

$4,690

$2,248

$4,042

$10,980

$10,310

Cost Savings Fraction

6.1%

Demand Saving Fraction due to aggregation and load curtailment measures

SUMMARY AND CONCLUSIONS
This paper, which reported some of the results of a larger
research study, consisted of three parts. The first part provided
a perspective of conditions prevailing in the deregulation of
electricity generation and distribution and presented several
concepts and terms that arose as a result of this utility market
transformation. The benefits to building owners that competitive pricing can provide is through load aggregators who can
negotiate lower electricity price due to (1) bulk purchases, (2)
better load factors that careful multi-building aggregation can
provide, and (3) active load control of individual buildings
within the aggregate. It was found that currently most load
aggregators only resorted to the first two activities. However,
three case study sites were identified where active load control
within multi-building aggregates was currently performed.
The second part of this paper presented one case study (the
results of which are similar to two other case studies described
in the full report by Reddy and Norford [2002]), where it was
found that aggregation of multiple buildings already under
active load control resulted in a 4.8% demand cost savings.
The third part of this paper presents a simulation case study
performed to determine the benefits of multi-building load
aggregation (more specifically, three buildings of different
types under active load control). A noteworthy observation is
that the results are consistent with those found from the reallife case studies, in that the simulation study predicted a 6%
reduction in demand costs due to multi-building aggregation
as against 4.8% in actual buildings.
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