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This paper outlines a framework for assessing commercial-sector DSM potential by integrating
engineering simulation models into DSM program planning analyses. While engineering models are
commonly used to define baseline building conditions through onsite survey assessments, they are rarely
used in the DSM planning process. The success of a utility’s forecast of commercial-sector DSM
program impacts depends largely on accurately characterizing typical conditions. Such characterizations
can often times be difficult and controversial when a utility lacks basic primary data about its customers.

This framework draws on a prototype analysis that defines baseline building conditions. The first step is
to segment a utility’s commercial sector by building types. The next step is to develop input parameters
that define baseline conditions for characteristically typical buildings in a utility’s service area. This
includes factors such as the average square footage, number of conditioned zones, lighting intensities, and

structural orientation.

Once building baseline parameters are established, end-use load characteristics are generated by using
engineering-based thermal load models. To determine DSM program impacts, energy-efficiency measure
scenarios are developed. Such scenarios are the result of adjustments to baseline parameters. For
example, lighting intensities are reduced from 2.5 watts per square foot to 1.5 watts per square foot to
reflect the installation of T-8 bulbs and electronic ballasts. The result is a differential 8760 load shape for
cach DSM measure. Such load shapes are then compressed to a day-type format that can be integrated
into economic screening and DSM program cost-effectiveness models.

introduction

DSM plays & significant role in reducing energy con-
sumption and peak demand through the application of
programs in energy efficiency, load management, and
selective new uses. A well-founded approach to DSM
planning draws on a multi-sequenced process that includes
the following four steps:

¢  Establish a base case forecast
e [dentify DSM opportunities
®  Develop DSM programs

¢ Assess the cost effectiveness of the programs

et

t is often the case that much of the data required to
conduct these four steps is limited, particularly for the
commercial sector of many utility service areas. This
paper summarizes an approach that attempts to remedy
part of this problem. Engineering-based thermal load
models are used in a number of applications in assessing

commercial building energy use characteristics. However,
few if any long-range comprehensive utility DSM plan-
ning studies capture the significant level of detail afforded
by engineering-based thermal load models.

As part of the ongoing least cost planning process in the
District of Columbia and Maryland, the Potomac Electric
Power Company (Pepco) conducts bi-annual analyses of
its DSM resource potential. In a recent update of DSM
resource potential for their service area, the authors
adapted a building prototype modeling technique to esti-
mate the DSM resource potential within Pepco’s commer-
cial sector, which represents a large portion of its service
area sales and peak demand. Prototyping is a common
technique for assessing energy use characteristics in
buildings. However, it is not often incorporated info DSM
planning efforts, We developed this approach in an effort
to more accurately portray estimates of DSM resource
potential in the commercial-sector of Pepco’s service
territory. Due to time and budget constraints and the
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experimental nature of this approach, we limited the study
to a portion of Pepco’s commercial sector.

DSM resource assessments are typically difficult to do for
the commercial sector. This is due to the diversity of
commercial buildings and the lack of detailed data that
most accurately characterizes energy usage conditions.
Pepco’s effort, as outlined in this paper, reflects a new
methodology for conducting DSM planning studies that
provides a relatively high level of resolution. Such
resolution can be valuable for DSM planners at utilities,
research organizations, and regulatory agencies as they
contemplate the reasonableness of specific DSM programs
in the commercial sector.

This paper describes an approach for incorporating
thermal load characteristics of DSM measures directly into
DSM planning assessments. Our presentation by no means
captures all of the elements of a comprehensive DSM
planning framework but rather focuses on the process of
integrating engineering-based modeling into the DSM
planning. The paper is organized by outlining the method-
ology for conducting the analysis and then describes the
specific the six steps taken to conduct the analysis. The
paper then provides some conclusions about the usefuiness
of this approach.

ethodology

To conduct the study, a six-step process was developed:
» Btep 1: Define Baseline Conditions

# Step 2: Run Baseline Simulations

¢ Step 3: Develop DSM Measure Scenarios

¢ Step 4: Re-run Stmulations with DSM Measures

¢ Step 5: Bundle Passing Measures into DSM Programs
»  Step 6: Re-run Simulations with DSM Programs

The first step was to define baseline conditions. Baseline
conditions represent what is typical for a building absent
any DSM measures or actions that might be taken. Deter-
mining baseline conditions involves defining the building
types that will be assessed for the analysis and developing
input parameters such as average square footage and
number of conditioned zones for the analysis. The next
step was to run baseline simulations through an hourly
load simulation model. Once baseline conditions and end-
use load characteristics were quantified for each building
type, DSM measure sceparios were run. 1he impacts
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resulting from these options were developed by modifying
the baseline building characteristics and re-running the
simulations. These modifications reflect conditions
brought about through the implementation of various DSM
measures. The resuit was a differential 8760-hour load
shape for each DSM measure. These load shapes were
then compressed to a representative day-type format. The
differential load shape was then used as an input to the
DSM measure economic screening. This screen helps to
identify measures that are economically aitractive. Once
measures were screened for economics (incorporating
Pepco’s avoided costs), passing measures were bundled
into various appropriate DSM programs. Input parameters
reflecting these programs were then fed into the simula-
tion model and new differential load shapes were
generated-this time for DSM programs. These load shapes
were then fed into an economic analysis of the DSM
programs.

Step 1: Define Building Tvpes and Input
Parameters

The first step in the analysis was to defermine what
building types were to be included in the analysis. This
determination was dependent on the availability of key
Pepco data sources. To conduct this analysis, we drew
upon data sources including Pepco’s class load research
sample, master-metered apartment (MMA) hourly load
data, various Pepco commercial surveys, 1988 floor space
data for Pepco’s large customers, input data to Pepco’s
commercial load forecasting models, as well as studies
and prototypes from previous DSM assessments in the
District of Columbia and Maryland. Based on extensive
review of these data sources in conjunction with dis-
cussions with Pepco staff, the following building types
were selected for the prototype analysis:

offices peak  demand

& Large private (annual

> 1,000 kW)

® Large government offices (annual peak demand
> 1,000 kW)

@ Large hospitals (annual peak demand > 1,000 kW)

® Large hotels (annual peak demand > 1,000 kW)

&  Master-metered apartments (all sizes)

A significant element in the selection of the "large" proto-
types lies in the fact that all buildings of this type are
included in Pepco’s class load research sample. Therefore,

for each of these building types, Pepco provided weighted
hourly load shapes for selected months of the sample year



as well as for the system peak day. These data were in-
valuable in reconciling the baseline simulation results to
the energy and peak constraints of actual representative
whole-building loads. In other words, the load research
data provided an important means by which to quantify
and benchmark the amount of energy use as well as the
typical profiles of energy use.

The definition of the prototypes for the first four building
types implies that the analyses apply only to a portion of
the total population for each building of this type. These
portions do, however, represent a large share of Pepco’s
total commercial-sector energy use and DSM potential.
Indeed, the combination of buildings selected for this
analysis represented approximately 35% of Pepco’s D.C.
commercial-sector sales in 1990. Figure 1 provides a
representation of the weighted metered weekday and
system peak day load shape data for the four large build-
ing types selected for this study in the D.C. portion of
Pepco’s service area.

Once the building types were defined, the next step was to
develop input parameters for the simulation modeling.
This step involved definition of baseline characteristics for
typical buildings in Pepco’s service area. For each typical
building, it was necessary to address the major compo-
nents affecting building energy use. These included:

s  Building shell characteristics
e Heating, cooling, and ventilation systems

¢ Connected lighting loads, control types, and usage
patterns

o  Connected equipment and appliance loads and usage
schedules

& Building operation and occupancy characteristics

Data derived from the sources indicated previously were
utilized to develop preliminary prototype characteristics.
These characteristics were then revised and refined
through review and consultation with Pepco staff and also
by means of iterative simulations and comparisons of the
results with the metered data.

To account for diversity in conditioning equipment and
fuel types, the prototypes were divided into multiple zones
associated with specific HVAC technologies. As such, the
prototypes do not represent typically existing building
conditions, but are defined to account for the "average"
case. Alternatively, it would have been possible to define
several baseline prototypes for each building type;

however, this approach would have greatly compounded
the number of simulation runs necessary to accomplish the
objectives of the project.

Table 1 provides a general overview of the baseline
electric energy end-use distribution and input parameter
assumptions for the buildings analyzed in the D.C. portion
of this study.! The table summarizes energy use character-
istics, the building’s physical characteristics, the lighting
and HVAC configurations, and the miscellaneous equip-
ment connected load assumptions.

Step 2: Run Baseline Simulations

The next step in the analysis was to run baseline
simulations. The starting point for each case was the
description of the building prototype as defined in Step 1.
These data were then transformed into the appropriate
inputs for the engineering model. Iterative simulations of
the base case were carried out in order to benchmark and
fine-tune the energy use results. These results were
reconciled to average energy use and metered load shape
data to ensure that the prototype results represent, as
closely as possible, the energy use characteristics of
similar buildings in the Pepco service area.

The model utilized in this study to carry out the analyses
necessary to determine the baseline conditions and the
energy and demand impacts for selected DSM technolo-
gies and programs was the ADM-2 energy siraulation
model.? The ADM-2 program is an hourly building
energy analysis engineering model capable of simulating
hourly, monthly, and annual energy use by end use in
buildings. The program can simulate a building containing
a maximum of ten zones with up to ten different HVAC
gysterns and operational schedules. The general method-
ology, systems flexibility, and accuracy of the program
are similar to the DOE-2 hourly analysis model for the
HVAC system types incorporated in the model.

Execution of the ADM-2 model involves tow phases, or
passes, each of which performs a specific portion of the
analysis. The first phase (LOADS) consists of algorithms
to calculate hourly heating and cooling loads associated
with the physical and operational characteristics of the
building. The second phase (SYSTEMS) simulates the
behavior of the HVYAC distribution system and calculates
the energy load placed on the plant or HVAC source
equipment at each hour of the day. A wide variety of
system types and control configurations can be modeled
using the program. This flexibility provides the ability to
create prototypes that are typical representations of the
majority of conditioning system types found in buildings,
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Figure 1. Whole-Building Metered Load Data for Four Building Types

as well as to utilize the different system and control types
to create parametric scenarios for DSM analysis purposes.

The hourly results from the simulations were processed
into average monthly and peak day profiles for compari-
son with the metered data. Figure 2 depicts the weekday
(or standard day) average load shapes resulting from the
baseline simulations of the "large” building types relevant
to this analysis for the D.C. portion of the Pepco service
area.’

Although the metered load shapes and those obtained from
the ADM-2 simulation show reasonable agreement, differ-
ences did exist in several areas, particularly in the
shoulder and evening periods of the day. In general the
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simulation-based load profiles were lower than the
metered data for these periods. These differences are
primarily due to the fact that the simulation prototypes are
not able to completely capture the effect of diversity in
equipment types and operating schedules which occurs
naturally in the population of buildings. Another reason
for the differences lies in the utilization of the Washington
D.C. Typical Meteorological Year (TMY) weather data
for the simulations, while the metered load shapes are
representations of energy use for 1990. On the whole,
however, the simulations performed for this study
rendered reasonable results and provided sufficient detail
and accuracy for use in the DSM analysis process.
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Step 3: Develop DEM Measure Scenarios

A large number of DSM measures for each building type
were considered during the course of this study. These
measures were subjected to a qualitative screening process
which resuited in the rejection of many DSM measures
due to applicability, technological maturity, customer
acceptance, and other criteria. Only a subset of these

measures were selected for the prototype amalysis. This
distinction was made to take advantage of the strengths of
the simulation program, namely the thermal load and
HVAC energy calculations. Also, lighting level reductions
were assumed in the parameters of the DSM measure
analysis to account for the therma!l interactions between
lighting and HYAC loads.
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Figure 2. Simulated Baseline Load Data for Four Building Types

A mumber of other measures not related to the HVAC and
lighting end-uses were included in the prototype simulation
process. These measures were applicable in particular to
the refrigeration and motor loads (reported under the
"other" end-use in the results tables). Since energy use by
these end-uses was calculated within the simulation
program by means of a connected load and usage profiles,
impacts from these measures were estimated by means of
percentage reductions in the base connected load and/or in
the case of the refrigeration measure by means of a reduc-
tion in the usage factor.® Estimates of these reduction
factors were utilized directly in the simulation process.

Table 2 contains a complete listing of DSM measures con-
'sidered for prototype analysis across all building types.
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Those measures actually simulated are indicated by an
"X" in the appropriate column. As indicated earlier,
impacts from the remaining DSM options were either
estimated at the measure level or rejected in the qualitative
screen. Some of the measures included in the prototype
analysis were only applicable to a new counstruction
prototype scenario run for each building type. For
example, the addition of wall insulation is not generally a
cost-effective measure in existing buildings due to high
installation costs.
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Step 4: Re-Run Simulations
easures

Once the baseline prototypes were established, the
parametric simulation of individual measures was
accomplished by simply modifying the parameters or
parameters pertaining to the measure in question. To
properly model the effects of the DSM measures, modifi-
cations were made in the baseline conditions. An example
of the types of modifications is included in Table 3.

Calculation of the kXWh and kW impacts for each DSM
measure scenaric were accomplished by simply
subtracting the results of the "DSM" case from those of
the "base" case. These DSM differential or "delta" cases
were made for each hour, month, end-use, peak day, and
for annual energy use. Computerized files generated from
processing the 8760-hourly data from each case were
imported into a predefined spreadsheet template. For each
DSM measure case, output data from the 8760-hour
binary file were collapsed into a day-type format
representing energy use for each hour of an average
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weekday and weekend day for the months of January,
April, and July. These months were selected to match the
foad shape data provided by Pepco and to represent
winter, shoulder, and summer months respectively. In
addition, the day on which Pepco’s peak demand occurred
in the summer (July) and the winter (January) were
selected from each file. For these peak days, the total
energy use for each hour, as well as the energy by end-
use for each hour was selected. The end-uses defined were
heating, cooling, HVAC auxiliary energy (fans & pumps),
indoor lighting, exterior lighting, domestic water heating,
refrigeration, cooking, and other energy use. Finally, each
hourly file was processed to provide delta cases for each
month of the vear as well as the annual total.

The estimated delta case load impacts were then analyzed
in an economic screening model. The model compares the
estimated lifetime energy (kWh) and peak demand (kW)
savings (i.e., benefits) attributable to specific DSM
measures to the cost of purchasing and installing the
measure. Monetary values associated with lifetime energy
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and peak demand benefits were quantified using Pepco’s
marginal costs of energy and capacity. During this step,
some measures failed a benefit—cost test and thus were
discontinued from further assessment.

Step 5: Bundle Passing Measures into
DSM Programs

The next step in the analysis was to bundle passing DSM
measures into ways that the measures could be delivered
to the commercial marketplace. Since our analysis was
limited to large commercial buildings, only three DSM
program categories were deemed appropriate: prescriptive
rebates for lighting measures {(pamed Commercial
Lighting by Pepco), customized incentives for retrofit and
replacement HVAC markets (named Comprehensive
Rebates by Pepco) and a comprehensive new construction
program (named New Building Design by Pepco). The
key task in Step 5 was to identify which measures passing



the economic screens were most suitable for each program
category.

DSM programs targeted to large commercial customers
requires comprehensiveness and flexibility. As we were
identifying applicable DSM programs during this step, we
recognized that several DSM measures could be packaged
effectively into one program. This is based on the notion
that large commercial customers will typically adopt
multiple DSM measures if they are going to participate in
a DSM program. DSM programs generally involve a
group of measures packaged together. The savings and
load impacts from the DSM measure packages are not
equal to the sum of the impacts from the individual
actions, due to interactive effects. For this reason,
estimates of program impacts were simulated through the
prototype process.

Step 6: Re-Run Simulations With DSM
Programs

The next step in the process was to re-run the simulations
incorporating adjustments made to the baseline file
developed in Step 1. These adjustments reflected the
grouping of DSM measures that passed through the
economic screening models. Table 4 provides one example
of the adjustments made for the Comprehensive Rebate
Program. For each DSM program run, the 8760-hour
binary files were processed into the same average-day
format as Step 4. Differential load shape data were then
utilized as inputs to assess the cost effectiveness of
commercial-sector DSM programs proposed in Pepco’s
DSEM resource potential assessment.

integrating Engineering-Based
tesults

As described earlier, three DSM program categories were
considered suitable for integrating the results of the
thermal load simulations into DSM program cost effective-
ness assessments. The Commercial Lighting program
provides equipment rebates for the installation of energy
efficient lighting systems. The Comprehensive Rebates
program provides financial incentives for the installation
of energy-efficient HVAC technologies in existing com-
mercial buildings. The New Building Design program pro-
vides design assistance and financial incentives for the
design and installation of energy efficient technologies in
new construction and major renovation projects.

The process of integrating results from Steps 1-6 involved
more ast than science. This is due to the fact that we were
assuming that the load impacts, taken in the form of

annual energy reductions by season and peak summer
demand reductions, were representative of a typical par-
ticipating commercial customer. Often times, this assump-
tion is necessary to conduct DSM planning and cost
effectiveness assessments. However, utility planoers are
faced with the dilemma of not having utility-specific data
to support this assumption. This is where integrating
engineering-based results became a valuable tool for
Pepco. Combined with DSM program data parameters
including customer participation, rates, projected free
rider rates, incremental equipment cost, incentive levels,
program administrative costs, and Pepco’s avoided costs
and commercial rates, Pepco was able to determine
program cost effectiveness with a relatively high level of
confidence.

Conclusions

The multi-step process described in this paper can be
effectively used to gemerate DSM resource potential
estimates. This approach works on the hypothesis that
prototype buildings represent typical conditions in a
utility’s service area. Assuming this hypothesis is true, an
engineering-based approach to DSM resource planning is
quite appealing. It enables DSM planuers to capture the
load impacts of various DSM measures and programs
without having to conduct elaborate and expensive surveys
of the commercial sector.

This paper has described an approach for incorporating
thermal load characteristics of DSM measures directly into
DSM planning assessments. Our presentation has illus-
trated how engineering-based models can transparently be
integrated into a comprehensive DSM planning frame-
work. Such analyses can be useful when utilities are in
need of developing comprehensive DSM plans but lack
much of the primary data that captures the specific
characteristics of their commercial sectors.

Endnotes

1. Note that an entirely separate prototype analysis was
conducted for Pepco’s Maryland service area. Results
reported here only portray those for the D.C. portion
of the study.

2. The ADM-2Z microcomputer model was developed and
is supported by ADM Associates, Inc.

3. When comparing the graphs in Figures 1 and 2, note
that Figure 1 was created utilizing 30-minute
increments of measured data and will, therefore,
appear smoother than the hourly data points repre-
sented by the simulation results in Figure 2.
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4. The usage factor is defined as the number of minutes
during the hour the compressor operates divided by
60. This value is a measure of the amount of refriger-
ation cycling.
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