CALIFORNIA ENERGY
COMMISSION
Final Report Compilation for
Impact Assessment Framework
e e
Requirements
> o Market
on bull.d 1nes > Segmentation O
and equipment o
© ¥
6 Product Market
Characterization Penetration 2|
O
mprovements o E
> in efficiency .
and demand > Analysis I
reduction U
-
October 2003
P-500-03-096-A17

Gray Davis, Governor



CALIFORNIA
ENERGY
COMMISSION

Prepared By:

Architectural Energy Corporation
Vernon A. Smith

Boulder, CO

Battelle Memorial Institute
Northwest Division
Michael Kintner-Meyer
Richland, WA

CEC Contract No. 400-99-011
Prepared For:
Christopher Scruton

Contract Manager

Nancy Jenkins
PIER Buildings Program Manager

Terry Surles
PIER Program Director

Robert L. Therkelsen
Executive Director

DISCLAIMER

This report was prepared as the result of work sponsored by the
California Energy Commission. It does not necessarily represent
the views of the Energy Commission, its employees or the State
of California. The Energy Commission, the State of California, its
employees, contractors and subcontractors make no warrant,
express or implied, and assume no legal liability for the
information in this report; nor does any party represent that the
uses of this information will not infringe upon privately owned
rights. This report has not been approved or disapproved by the
California Energy Commission nor has the California Energy
Commission passed upon the accuracy or adequacy of the
information in this report.

ii




Acknowledgements

M. Kintner-Meyer, D. Anderson, and D. Hostick, with Battelle Memorial
Institute, Pacific Northwest Division, performed this research project.
Mike Rufo and Fred Coito with Xenergy provided consultation regarding
development of the market segmentation framework. Ken Barnes with
Nexant, Inc. developed the database and database queries to support the
examples used to exercise the framework.

iii



The Public Interest Energy Research (PIER) Program supports public interest
energy research and development that will help improve the quality of life in
California by bringing environmentally safe, affordable, and reliable energy
services and products to the marketplace.

The Program’s final report and its attachments are intended to provide a complete
record of the objectives, methods, findings and accomplishments of the Energy
Efficient and Affordable Commercial and Residential Buildings Program. This
attachment is a compilation of reports from Project 6.6, Impact Assessment
Framework, providing supplemental information to the final report
(Commission publication #P500-03-096). The reports, and particularly the
attachments, are highly applicable to architects, designers, contractors, building
owners and operators, manufacturers, researchers, and the energy efficiency
community.

This document is one of 17 technical attachments to the final report, consisting of
the final research report from Project 6.6:

= Final Report — Development of the Assessment Framework (May

2003)

A companion spreadsheet is available on request:

= Spreadsheet with Two Example Product Assessments (May 2003)

The Buildings Program Area within the Public Interest Energy Research (PIER)
Program produced this document as part of a multi-project programmatic
contract (#400-99-011). The Buildings Program includes new and existing
buildings in both the residential and the nonresidential sectors. The program
seeks to decrease building energy use through research that will develop or
improve energy-efficient technologies, strategies, tools, and building
performance evaluation methods.

For the final report, other attachments or reports produced within this contract, or
to obtain more information on the PIER Program, please visit
www.energy.ca.gov/pier/buildings or contact the Commission’s Publications
Unit at 916-654-5200. The reports and attachments, as well as the individual
research reports, are also available at www.archenergy.com.

iv



Battelle performed Project 6.6 with significant support from Nexant, and
with consultation from Xenergy. The project objective was to develop and
demonstrate an impact assessment framework that explicitly identifies the
assumptions and inputs to the assessment process and evaluates
technologies for energy savings potential. The assessment framework
developed for the commercial building sector is composed of four
components 1) Product Characterization, 2) Market Segmentation, 3)
Market Penetration, and 4) Analysis of Impacts. A graphical user
interface was developed to demonstrate the use of the framework based on
data from the PG&E CEUS database. A more comprehensive database is
under development through another Commission project. When that
database is complete, the framework will provide a starting point for the
Commission to assess all projects within Buildings Area of the PIER
Program.

Project 6.6, Impact Assessment Framework,

This document includes the final technical report from the research.



Based on this characterization of the AFDD1 and AFDD?2 products, the Peterka model
estimates individual penetration curves, as depicted in Figure 7-8. The figure shows that
given the inputs provided, AFDD1 and AFDD?2 products combine to eventually saturate
the market. Holding all else constant, air-conditioning units with the AFDD1 product
would surpass the market share of existing HVAC units around 2020.
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Figure 7-8: Market Penetration Curves Given Inputs in Table 7-10

Figure 7-9 shows the effects of varying the host equipment size. These results indicate
that as size of unit increases, the more energy-efficient units succeed in the market
sooner. This also suggests that it would be more advantageous to target application of the
AFDD1 and AFDD?2 products to the larger-sized packaged units, for which the savings
per AFDD unit (and per unit of capital cost) are greater.

The results in Figure 7-9 also tend to indicate that better estimates of the penetration of
air-conditioning units with diagnostic technology on board would be estimated better by
dividing the population of units into size categories, projecting penetration for each size
category separately, and adding the impacts of the various size categories to get the total
impacts of the technology. This, however, would require knowledge of the distribution
of rooftop air-conditioning units by size.
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Figure 7-9: Market Penetration Curves for Various Packaged Unit Sizes.

7.4.6 Considerations of Market Penetration Results

The projected market penetration expressed in the chosen unit of measure must be judged
by the analyst/modeler for plausibility and realism. Any model should be calibrated to
the analyst’s understanding of the subject matter and domain. The importance of
focusing analyst attention on the development of model inputs cannot be over stressed.

The analyst must ask several questions of the forecasted market penetration:

¢ Do the market ramp-ups implied by the shape of the “S” curves seem likely,
possible, or are they overly optimistic?

e [f results seem optimistic or counter intuitive, are all of the model inputs
expressed as completely and accurately as possible?

¢ What other factors (regulations, standards, market conditions, etc.) might also
affect the penetration scenarios under consideration? Has the analyst accounted
for the influences of such factors explicitly?
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The analyst might also want to produce results for ranges of inputs especially when there
is significant uncertainty in the values of inputs.

Previous sections have illustrated the important role of assumptions at all points in the
application of the assessment framework. Model results will only be as good as the
validity of the assumptions used in modeling. In the examples provided for market
penetration, the results are quite sensitive to the specific assumptions and values input for
electricity prices, improvement factors, market introduction timing, and initial market
share. It is incumbent upon users of the framework to research the appropriate
assumptions and values for inputs and develop values and assumptions in reasonable
ranges. Investing the effort required to develop good assumptions and inputs to the
model will result in reasonable forecasts.

Analysts must be aware of the caveats that apply to market penetration modeling. The
product development cycle in a market economy seeks to correct perceived inefficiencies
as they become apparent. This happens by customers demanding new and better products
(demand pull) or by technology development that makes customers aware of new and
better products (technology push). This process is continual and dynamic; however,
market penetration models typically consider new product competition in isolation from
this process. For example, we have demonstrated scenarios facing the packaged HVAC
market. The model does not consider that several other product development efforts may
be attempting to compete for the same market segment with products that compete with
those modeled in our examples.

Carrying this further, the penetration functions imply that perhaps the energy cost savings
offered by some new products may cause a shift from an existing product to a new
product, and that in out years of the forecast, penetration will remain stable. Out-year
stability implied by visually inspecting the penetration functions cannot be assumed.
Market dynamics will cause subsequent products to be developed and compete for the
same market segments modeled in these scenarios. Thus, the models become valuable
for illustrating a product’s market potential, but should not suggest that a product will
remain at its maximum market share indefinitely. As more efficient products are
developed, it seems plausible that future products competing for the same market
segment will likely be more efficient than their predecessor products and capture market
share from them.

7.5 STEP 4: Estimating Impacts

After having fully characterized the example products, defined their individual market
segments, and projected the size of those segments over the analysis period, we estimate
the impacts each product may have on the PG&E service territory. Impacts are estimated
for electricity consumption, electric peak demand, and expenditures on electricity.

To estimate impacts of the example products, we forecasted the market penetration of
each product into its respective market segment using either an expert opinion-based
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logic function or market penetration based on the Peterka model for products assumed to
be in competition for the same market segment.

Figure 7-10 illustrates the impacts of Product 1. The top left graph of Figure 7-10
(labeled “Market Penetration”) provides a cumulative count of the market penetration
shown Figure 7-2. The largest rate of increase in the market share occurs after 10 years
of product introduction (largest slope in Figure 7-2) and reaches constant market share in
year 15. From that time forward, the increasing market penetration in terms of units sold
is the result of replacements and new constructions. Based on the “Analyst” market
penetration curve in Figure 7-2, Product 1 is likely to result in annual savings of about
120 GWh in electricity consumption, 50 MW of peak demand, and $18 million (constant
2001 dollars) in electricity expenditures by 2030. Over the analysis period, these annual
impacts accumulate to savings of about 2,400 GWh and $340 million (2001) of electricity
expenditures (see Figure 7-11).
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Figure 7-10: Annual Impact Estimates for Product 1
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Figure 7-11: Cumulative Impact Estimates for Product 1

In the retrofit scenario, the AFDD1 and AFDD?2 products are in competition with each
other for application as retrofits to existing packaged 25-ton HVAC units. Although they
are in competition, impacts are estimated based on the presence of both in the market
during the analysis period because both compete well against the case of doing nothing.
Using the market penetration results of Figure 7-8, the estimated combined impact for the
retrofit products is illustrated in Figure 7-12. The kink in the market penetration curve
occurs at the time when the existing technology is entirely displaced. The additional
gains in market share by AFDD1 come from market-share losses of AFDD2.

Cumulative impacts are shown in Figure 7-13. These products successfully penetrate the
packaged HVAC market and reach saturation by 2024. The AFDD1 product out
competes the AFDD?2 product by offering a relatively higher performance improvement
per incremental capital investment.
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Figure 7-12: Annual Impact Estimates for Retrofit Scenario (Products 2-4)
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Figure 7-13: Cumulative Impact Estimates for Retrofit Scenario (Products 2-4)
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In the new-equipment scenario, the EPRUC-equipped units compete against conventional
new 25-ton packaged HVAC units. The EPRUC-equipped units achieve only slight
penetration into the new equipment market compared to the AFDD1 or AFDD2 products
sold as “add-ons.” The difference in impacts can be traced to three factors. The market
for the EPRUC is only new units sold each year, while the market for the AFDD products
includes both new units sold each year plus all existing units already installed on
buildings. The existing unit population, which can be retrofitted, is an order of
magnitude larger than the number of sales each year. In addition, the magnitude of
capital investment required for EPRUC-equipped new units is much larger than the cost
of buying and installing a retrofit box. Furthermore, improvement factors from the
EPRUC product are lower than those for the AFDD products, also contributing to lower
penetration estimates. Figure 7-14 illustrates the impacts projected for the EPRUC
product. Figure 7-15 provides the cumulative impacts.

Market Penetration Electricity Expenditures
16,000 2.0
14,000 £
Cumulative Installed Units T 164
12,000 4 &
. & 14
= h—
£10,000 3812
« B
59
2 8,000 2 &0
o ==
=]
6,000 ;208
£ 706
4,000 - 3
3 04
| Annual Sales 2
2,000 2 02
__._._.‘-.‘."
0 : ‘ : : : 0.0 ‘ ‘ ‘ ‘ ‘
2000 2005 2010 2015 2020 2025 2030 2000 2005 2010 2015 2020 2025 2030
Electricity Consumption Electric Peak Demand
14 25
12 B
éﬂ é 2.0 1
z 109 4
@« k=l
2 =
F- g i
22 £ 13
o0 [apsy
32 ZB
S S 2
E 710 A
el =
< 4 4 3
)
= 05
24 g
el
<
0 T T T T T 0.0 T T T T T
2000 2005 2010 2015 2020 2025 2030 2000 2005 2010 2015 2020 2025 2030

Figure 7-14: Annual Impact Estimates for New-Equipment Scenario (Products 5-6)
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8 Summary

This report describes a methodology and framework for assessing the benefits of products
that may emerge from the Commission’s PIER Program research for the commercial
buildings sector. The methodology defines a process that starts with the initial product
characterization and identification of the product’s market segment, determines the
market penetration trajectory as a function of time, and concludes with estimating the
impacts on electricity use, electricity demand, and monetary expenditures on electricity.

The key features of the assessment framework are, in summary:

General applicability to all energy efficiency products for commercial buildings. The
framework has been developed specifically for analyzing impacts of energy
efficiency products relevant for the commercial buildings sector in California. It
provides a generic product characterization schema that allows the user to adjust the
level of specificity of the product characterization based on the current level to which
the characteristics of future energy efficiency products are known. During the
development of the product characterization schema, much effort was devoted to
designing sufficient flexibility into the schema that products at quite differing stages
of development and specificity to which characteristics are known could be analyzed.
This enables the user to analyze very specific products such as a 25-ton high energy
efficient air-conditioner system on the one hand, as well as a less defined product
such as, advanced controls software that will enable utilization of natural ventilation
systems in buildings.

Market penetration models. We described two approaches for estimating market
penetration of new products. The first approach requires expert judgment applied to a
generic “S”-shaped market penetration model to achieve a specific “S”-shaped market
penetration trajectory. This approach is recommended for estimating impacts of
single products or a set of aggregated products for which competing technologies
either do not exist or are difficult to characterize. The second market penetration
approach uses the Peterka multi-competitor market penetration model to explicitly
model market competition. It requires estimates of specific capital cost and O&M
costs for the new products competing in the same marketplace. It is often difficult to
assign values of cost to future products that currently do not exist. The uncertainties
associated with this may be high and, thus, the user should be aware of the inherent
uncertainties of the input data to the penetration model and then judge the output of
the model accordingly. The largest value of this market penetration model, perhaps,
lies in its use as an instrument to gain insights into the market dynamics by
conducting sensitivity analyses and evaluating relative competitiveness between
competing products.

Exposure of Assumptions. The guiding principal in designing the assessment
framework was to provide transparency of all assumptions made during the
assessment process. Several assumptions are generally employed for postulating
future growth trajectories for prices, energy consumption, building stock, and other
trends that impact the results of an assessment. To this end, we designed the
framework such that it exposes key variables explicitly rather than aggregating and
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lumping them together to represent many mechanisms. As a result, this method
requires the user to explicitly assign values to variables and be prepared to
substantiate them through defensible sources and logical arguments, so that they can
be reviewed by peers.

We exercised the framework to illustrate some of its behavior and to demonstrate how
Commission staff may use the framework in the future. The example products for this
exercise were chosen from two key research areas of the AEC PIER research program,
automated diagnostics and advanced controls for commercial HVAC systems. We chose
a set of products that could be retrofitted to existing HVAC systems to illustrate the
impact assessment process for this category of energy efficiency products. To contrast
the use of the framework for retrofitable products, we also demonstrated the assessment
process for new products that can be used in new equipment that is installed in new
construction or as replacements for old and retired equipment.

As with any modeling and analysis framework, careful application of the tools and
approaches remains the responsibility of the analyst using the framework. Because most
assumptions are made transparent in this process, the users of the assessment framework
can check and validate projection assumptions, data, calculations, and impact estimates
for agreement with citable sources, industry experience, and analytical intuition.

8.1 Recommendations

We demonstrated the framework by using the PG&E Commercial End-Use Survey as a
data source for representing the existing building stock in PG&E’s service territory. To
broaden the regional representation of the building stock from PG&E’s service area to the
State of California, Commission staff should consider using the methodology with the
results of Commission’s own commercial building survey activity when they become
available.

Furthermore, the value of this framework would be enhanced if extended to use for the
residential and industrial sectors of the electricity market. Commission research is likely
to lead to new products that will affect electricity demand for residential and industrial
electricity customers (including agriculture), in addition to commercial buildings.
Typically, these demands are just as significant as those posed by the commercial sector.

We have provided a prototype spreadsheet to use for exercising the framework. The
spreadsheet instrument implements the framework for the example products analyzed in
this report. It steps the user through the various modules of the assessment framework
and is designed to permit scenario analysis for the specific example products. As a
device for demonstration, the spreadsheet currently is set up for use by the investigators
of this project. The spreadsheet instrument could be further refined, all steps of the
process automated, and the breadth of product characteristics increased to produce a user-
friendly tool for use by Commission staff. This would enable Commission staff to
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perform impact assessments and scenario analyses of potential impacts of the entire
Commission PIER buildings portfolio.
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Appendix A

Definitions of Example Products
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Appendix: Definition of Example Products

A.1 Product 1: WBD as an On-Line Tool

A.1.1 Product Description

The Whole-Building Diagnostician (WBD) is a modular diagnostic software system that
provides detection and diagnosis of common problems associated with the operation of
heating, ventilating, and air-conditioning (HVAC) systems in buildings. The WBD
tracks overall building energy use, monitors the performance of air-handling units, and
detects problems with outside-air control. The WBD consists of two primary diagnostic
modules, the Whole-Building Energy (WBE) module and the Outdoor-Air/Economizer
diagnostician (OAE). The WBE tracks the energy consumption of the whole-building
and its major systems (e.g., chillers or packaged units), identifies when consumption
anomalies occur and alerts the user (e.g., a building operator) to these anomalies. The
OAE module monitors the performance of air handling, detects faults in air handling
performance, and then provides information on likely causes of the faults and potential
solutions.

A.1.2 Determinants of Market Segmentation

The WBD software as an on-line tool operates on a personal computer (PC) that is part of
a building automation system. The WBD can be used on buildings of all sizes, all
vintages, and at essentially all locations in California.

A.1.3 Improvements

Energy savings are difficult to attribute directly to the WBE module; however, air-
handling problems fixed because the OAE has detected them and provided information to
building staff can be attributed to it. Most problems detected by the OAE go undetected
when they occur. This is substantiated by testing of this tool in the field and years of
field observations by many different investigators. The information provided by the
OAE diagnostician should alert building staff to problems they would otherwise not
detect and provide information to enable the staff to fix these problems.

In this characterization, we only estimate savings for the OAE module of the WBD.
Although, studies show that monitoring energy use does inspire savings, data available at
this time are too sketchy for us to attribute savings directly to the WBE module. Asa
result, savings from use of the WBD are likely to exceed our estimates and paybacks are
likely to be shorter.

Electricity savings and reductions in peak power use for both cooling and heating are
estimated. Whether savings result from reductions in ventilation fan use is not clear at
this time, and therefore not included. On average, we estimate that use of the WBD will
reduce electricity consumption by about 4% and peak electric power demand by about
2% for both cooling and heating. Product characterization data are provided in the table
that follows.
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Table A-0O-1: Product Characteristics for Market Segmentation and for Analyzing the
Impacts of the WBD Used as an On-Line Tool.

Description Data | Units Values To To
Class determine determine
market impacts
segment
25 Controls Yes/No| Yes X
8 Cooling
8.2 Packaged
8.2.2 Packaged AC Cooler
8.2.2.2 Size ton >0 X
8.2.2.6 Annual consumption of electricity kWh >0 X
8.2.2.8 Improvement factor for peak demand - 0.02 X
8.2.2.9  |Improvement factor for electricity use - 0.04 X
8 Cooling
8.1 Central System Cooler
8.1.x.2 Size ton >0 X
8.1.x.6 Annual consumption of electricity kWh >0 X
8.1.x.8 Improvement factor for peak demand - 0.02 X
8.1.x.9  |Improvement factor for electricity use - 0.04 X
11 Heating
11.1 Heating System Heater
11.1.x.x.1Size BTU/h | >0 X
11.1.x.x.4 | Annual consumption of electricity kWh >0 X
11.1.x.x.8 Improvement factor for peak - 0.02 X
demand
11.1.x.x.9 Improvement factor for electricity - 0.04 X
use
26 Cost of Product $ 1000 X
27 Year of commercial availability year | 2004 X
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A.2 Product 2: AFDD1

A.2.1 Product Description

The AFDDI1 system is an automated fault detection and diagnostic system (AFDD) for
retrofit onto package rooftop air-conditioning systems. AFDDI1 is based on technology
developed by Purdue University under Project 2.1. It provides detection and diagnosis of
air-side and refrigerant-side problems and monitoring capabilities to facility operators.
These problems include both control problems (e.g., incorrect set points, incorrectly
implemented economizing strategies) and hardware faults (e.g., stuck dampers, low or
high compressor charge, failed fan). The system continuously monitors sensors at
various points on a packaged unit and provides alarms and diagnoses when problems are
detected. Reports can be provided online within a website (to the building owner,
building operator, or a central service provider) if the system is connected to a network or
to a technician using a local interface (e.g., a PDA). The product includes all necessary
components for measurements, diagnostics, monitoring, and alarm notification. \

Because the AFDDI1 detects problems and provides that information to operation staff,
the resulting problem fixing and associated savings can be attributed to it. Most
problems detected by the AFDD1 go undetected until periodic services by a technician (if
done regularly). This is substantiated by evidence of these faults in the field by many
different investigators. The information provided by the AFDD1 should alert building
operation staff or service providers to problems they likely otherwise would not detect
and troubleshoot until the unit is inspected carefully by a technician.

A.2.2 Determinants of market segmentation

This characterization applies to the AFDDI1 used in an on-line manner with results
provided in real-time to an on-site or off-site computer. The AFDDI can be used on
packaged units of any size and any vintage, buildings of all sizes, all vintages, and at
essentially all locations in California.

A.2.3 Improvements

Electricity savings and reductions in peak-power use are estimated for cooling only. The
major mechanism for electricity and peak power savings is associated with ensuring
proper operation and maintenance of packaged rooftop units. Hence, the improvements
occur at the end-use level. On average, we estimate that use of the AFDDI will reduce
electricity consumption by about 5% and peak electric power demand by about 4% for
electricity consumption for cooling. Product characterization data are provided in

Table A-0-2, which follows.
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Table A-0-2: Product Characteristics for Market Segmentation and for Analyzing the
Impacts of AFDD1

Description Data | Units Values To To
Class determine determine

market impacts
segment

8 Cooling

8.2 Packaged X

8.2.2 Packaged AC Cooler X

8.2.2.2 Size ton >0 X X

8.2.2.6 Annual consumption of electricity kWh >0 X

8.2.2.8 Improvement factor for peak demand - 0.05 X

8.2.2.9 Improvement factor for electricity - 0.07 X

use
26 Product Cost $/unit | 1700 X
27 Year of commercial availability year | 2004 X
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A.3 Product 3: AFDD2

A.3.1 Product Description:

The AFDD?2 is an automated fault detection and diagnostic system for retrofit onto
package rooftop air conditioning systems. AFDD?2 is based on the technology developed
by Battelle under Project 2.4. It provides detection and diagnosis of air-side problems
with unit operation and monitoring capabilities for facility operators. These problems
include both control problems (e.g., incorrect set points, incorrectly implemented
economizing strategies, bad schedule) and hardware faults (e.g., failed sensors, stuck
dampers, failed fan). The system continuously monitors sensors at various points on a
packaged unit and provides alarms and diagnoses when problems are found. The product
includes all necessary components of measurements, diagnostics, monitoring, and alarm
notifications. The results are reported to an on-site computer through a serial or network
connection or offsite service provider via the Internet.

Because the AFDD2 detects problems and provides that information to building staff, the
resulting problem fixing and associated savings can be attributed to it. Most problems
detected by the AFDD?2 go undetected until periodic servicing by a technician (if done
regularly or at all). This is substantiated by evidence of these faults in the field by many
different investigators. The information provided by the AFDD?2 should alert building
staff to problems they likely otherwise would not detect and troubleshoot until the unit is
inspected carefully by a technician.

A.3.2 Determinants of Market Segmentation

This characterization applies to the AFDD2 used in an on-line manner with results
provided in real-time to building operation staff. The AFDD?2 can be used on packaged
units of any size and any vintage, buildings of all sizes, all vintages, and at essentially all
locations in California where air-conditioning is used.

A.3.3 Improvements

Electricity savings and reductions in peak-power use are estimated for cooling only. The
major mechanism for electricity and peak power savings is associated with ensuring
proper operation and maintenance of packaged rooftop units. Hence, the improvements
occur at the end-use level. On average, we estimate that use of the AFDD2 will reduce
electricity consumption by about 4% and peak electric power demand by about 2% for
electricity consumption for cooling. Product characterization data are provided in

Table A-0-3, which follows.
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Table A-0-3: Product characteristics for market segmentation and for analyzing the
impacts of AFDD2

Description

Data
Class

Units

Values | To To

determine determine

market impacts
segment

8 Cooling

8.2 Packaged X

8.2.2 Packaged AC Cooler X

8222 Size ton >0 X X

8.2.2.6 Annual consumption of KWh >0 X
electricity

8.2.2.8 Improvement factor for - 0.04 X
peak demand

8.2.2.9 Improvement factor for - 0.05 X
electricity use

26 Product Cost $/unit | 1600 X

27 Year of commercial availability year | 2004 X
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A.4 Product 4: Reference Product

The reference product serves as representation of the existing packaged unit stock. The
representation of the current market is required for the market penetration model.
Characteristics of the reference product are shown in Table A-0-4.

Table A-0-4: Product Characteristics for Market Segmentation and for Analyzing
Impacts of the Reference Product

Description

Data
Class

Units

Values

To To
determine determine

market impacts
segment

8 Cooling

8.2 Packaged X

8.2.2 Packaged AC Cooler X

8.2.2.2 Size ton >0 X X
8.2.2.6 Annual consumption of electricity kWh >0 X
8.2.2.8 Improvement factor for peak demand - 0 X
8.2.2.9 Improvement factor for electricity - 0 X

use
26 Product Cost $/unit X
27 Year of commercial availability year Already X
available

108



A.5 Product 5: EPRUC

A.5.1 Product Description:

EPRUC (Enhanced Packaged Rooftop Unit Controller) is based on Purdue University’s
Project 3.1. The EPRUC is a new controller for rooftop packaged air-conditioning units
that provides for demand-control ventilation (DCV). This controller is a direct
replacement for package-unit controllers commonly installed today during manufacture
of rooftop units. The new controller will determine the necessary ventilation rates that
prevent over-ventilation. The EPRUC enables use of DCV based on CO, sensors in the
zones that the package unit serves.

A.5.2 Determinants of market segmentation:

This characterization applies to the EPRUC used on new rooftop package air-
conditioning units. The controller is not intended for retrofit applications. The EPRUC
can be used on packaged units of any size installed on buildings of all sizes, all vintages,
and at essentially all locations in California where air-conditioning is used. The new
controller affects both cooling and electric-heating consumption.

A.5.3 Improvements:

Electricity savings and reductions in peak-power use are estimated for cooling and
heating. The major mechanism for electricity and peak-power savings is associated with
providing only the necessary ventilation based on occupancy and no more. It is assumed
that the savings due to reduction of fan power are negligible. Savings are assumed to be
primarily attributable to the avoidance of over-ventilation resulting in reduced cooling
loads during the cooling seasons and electric heating during winter periods. Although,
not quantitatively evaluated in this assessment, the controller should also improve indoor
air quality. Hence, the improvements occur at the end-use level. On average, we
estimate that use of the EPRUC will reduce electricity consumption by about 5% and
peak electric power demand by about 2% for cooling. Product characterization data are
provided in

Table A-0-5, which follows.
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Table A-0-5: Product Characteristics for Market Segmentation and for Analyzing the
Impacts of EPRUC

Description Data | Units Values To To
Class determine | determine
market impacts
segment

8 Cooling

8.2 Packaged X

8.2.2 Packaged AC Cooler X

8.2.2.2 Size ton >0 X X
8.2.2.6 Annual consumption of electricity kWh >0 X
8.2.2.8 Improvement factor for peak demand - 0.02 X
8.2.2.9  |Improvement factor for electricity use - 0.05 X
11 Heating

11.1 Heating System Heater X
11.1.x.x.1|Size BTU/ >0 X

h

11.1.x.x.4 | Annual consumption of electricity kwh >0 X X
11.1.x.x.8 [Improvement factor for peak demand - 0.05 X
11.1.x.x.9 [Improvement factor for electricity use - 0.10 X
26 Product Cost $/unit | 2000 X
27 Year of commercial availability year [ 2004 X
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A.6 Product 6: Reference Technology

Product 6 represents today’s best available packaged HVAC unit without demand-
controlled ventilation technology as characterized below.

Table A-0-6: Product Characteristics for Market Segmentation and for Analyzing
Impacts for Reference Model

Description Data | Units Values To To
Class determine determine

market impacts
segment

8 Cooling

8.2 Packaged X

8.2.2 Packaged AC Cooler X

8.2.2.2 Size ton >0 X X

8.2.2.6 Annual consumption of electricity kWh >0 X

8.2.2.8 Improvement factor for peak demand - 0 X

8.2.2.9 Improvement factor for electricity - 0 X

use
26 Product Cost $/unit X
27 Year of commercial availability year | Already X
available
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