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1.0 Introduction

The Energy Policy and Conservation Act (EPCA) (P.L. 94-163) as amended by the Energy Policy Act
of 1992 (EPACT) (P.L. 102-486), establishes arole for the U.S. Department of Energy (DOE) to regulate
efficiency levels of certain categories of commercial heating, cooling, and water-heating equipment.

Initial minimum efficiency levels for products falling under these equipment categories were established
in EPACT (Tables 1.1 and 1.2), based on the requirements contained in ASHRAE/IES Standard 90.1-1989
(ASHRAE 1989). EPCA®@ requirements state that, if the American Society of Heating, Refrigerating and
Air-Conditioning Engineers, Inc. (ASHRAE) amends efficiency levels prescribed in Standard 90.1-1989,
then DOE must establish an amended uniform national manufacturing standard at the minimum level
specified in amended Standard 90.1. However, DOE can establish higher efficiency levelsif it can show
through clear and convincing evidence that a higher efficiency level, that is technologically feasible and
economically justified, would produce significant additional energy savings.

On October 29, 1999, ASHRAE approved the amended Standard 90.1,*” which increases the
minimum efficiency levels for some of the commercial heating, cooling, and water-heating equipment
covered by EPCA 92. DOE has conducted a screening analysis to determine the energy-savings potential
of the efficiency levelslisted in Standard 90.1-1999. The analysis estimates the annual national energy
consumption and the potential for energy savings that would result if the EPACT-covered products were
required to meet these efficiency levels. The analysis also estimates additional energy-savings potential
for the EPACT-covered products if they were to exceed the efficiency levels prescribed in Standard
90.1-1999. In addition, asimple life-cycle cost (LCC) analysis was performed for some alternative
efficiency levels. This report describes the methodology, data assumptions, and results of the analysis.

Section 2.0 includes a detailed description of the engineering approach used in the analysis, including
the data and cost versus efficiency curves. The methodology used for national energy-savings impacts,
LCC, and national economic impactsis described in Section 3.0. The energy savings, LCC, and net
present value (NPV) results for the various cooling, heating, and water-heating products are also present-
ed in Section 3.0. Section 4.0 isalist of references cited in this report. The details of the building
characteristics data used in the BLAST simulations (Building Loads and System Thermodynamics) and
for the water-heating analysis for each of the representative building types is presented in Appendix A.
Appendix B describes the methodology used to aggregate the engineering results for specific locations
(cities) to anational level. Appendix C contains instructions on how to use the analysis spreadsheet

(@) Inthis document, EPCA, as amended by EPACT, is often referred to as “EPCA 92.”

(b) On June 24, 1999, ASHRAE's Board of Directors provisionally approved revisionsto ASHRAE/IES
Standard 90.1, subject to a formal appeal process. Four appeals were filed, and an Appeals Hearing
was held on October 9, 1999. The Appeals Panel recommended that the appeal s be dismissed, and
the ASHRAE Board approved the Appeals Panel report in a special meeting on October 29, 1999,
thus concluding ASHRAE' s process for amending the standard. The commercial HVAC equipment
efficiencies contained in ASHRAE/IESNA Standard 90.1-1999 will become effective on October 29,
2001, two years after final ASHRAE approval.
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developed for the screening analysis. Appendix D lists one-page summary results for all the products

(coaling, heating, and water heating) analyzed in the screening analysis.

Table 1.1. Commercial Equipment Product Categories: Air Conditioners (AC)
and Heat Pumps (HP) (EPCA [as amended] Sections 342 (a) (1), (2), and (3))

Equipment Equipment EPCA Efficiency Levels
Category Subcategory EPCA Section Date EPCA 92 90.1-1999
Small Commercial | AC/HP <65 kBtu/h Cooling Eff. 1/1/94 |SEER 10.0 SEER 10.0
Packaged Air- Air-Cooled 3-Phase,  [342(a)(1)(A) HSPF 6.8 HSPF 6.8
Conditioning and Central-Split System  |Heating Eff.
Heating Equipment 342(a)(1)(D)
AC/HP <65 kBtu/h Cooling Eff. 1/1/94 |SEER9.7 SEER 9.7
Air-Cooled 3-Phase,  [342(a)(1)(B) HSPF 6.6 HSPF 6.6
Central-Single Package |Heating Eff.
342(3)(1)(E)
AC/HP 65-135 kBtu/h  |Cooling Eff. 1/1/94 |EER8.9 EER 10.3
Air-Cooled Central 342(a)(1)(C) COP 30 COP3.2
Heating Eff.
342 1H)F)
AC/HP <65 kBtu/h Cooling Eff. 1/1/94 |EER9.3 EER 12.1
Water-Cooled 342(3)(1)(G) COP 38 COP4.2
Evap. Cooled Heating Eff.
Water-Source Central | Water-Source only
342 1))
AC/HP 65-135 kBtu/h  |Cooling Eff. 1/1/94 |EER 105 EER 11.5
Water-Cooled 342(a)(1)(H) COP3.8 COP4.2
Evep. Cooled Heating Eff.
Water-Source Central | Water-Sourceonly
342(a)(1)(1)
Large Commercial | AC/HP 135-240 kBtu/h | Cooling Eff. 1/1/95 |EER85 EER 9.7
Packaged Air- Air-Cooled Central 342(3)(2)(A) COP 29 COP 31
Conditioning and Heating Eff.
Heating Equipment 342(a)(2)(B)
AC/HP 135-240 kBtu/h | Cooling Eff. 1/1/95 |(EER9.6 EER 11.0
Water-Cooled 342(a)(2)(A)
Evap. CooledCentral No Heating Eff.
Requirement
Packaged Terminal | PTAC/PTHP Cooling Eff. 1/1/94 |EERand COP |EER and COP
Air Conditionersand | Air-Cooled 342(a)(3)(A) vary by capacity |vary by capacity
Heat Pumps Heating Eff. (different
342(a)(3)(B) formulas)
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Table 1.2. Commercial Equipment Product Categories. Furnaces, Boilers, and Storage Water Heaters
(EPCA [as amended] Sections 342 (a) (4), and (5))

Equipment Equipment EPCA Efficiency Levels
Category Subcategory | EPCA Section | Date EPCA 92 90.1-1999
Warm-Air >225 kBtu/h Gas Fired Eff. 1/1/94 |Thermal Efficiency  |Thermal Efficiency
Furnaces Gas-Fired 342(a)(4)(A) 80% Gas 81%CQil |80% Gas 81%OQil
Qil-Fired Oil Fired Eff.
342(3)(4)(A)
Package Boilers  |>300 kBtu/h Gas Fired Eff. 1/1/94 | Combustion Efficiency| Combustion Efficiency
Gas-Fired Qil- |342(a)(4)(C) 80% Gas 83%Qil |80% Gas 83%OQil
Fired Oil Fired Eff.
342(a)(4)(D)
Storage Water Electric Standby Loss 1/1/94 (0.3+27/Va 20+ 350V
Heaters 342(a)(5)(A)
£155 kBtu/h Therma Eff. and |1/1/94 | Thermal Eff. 78% Thermal Eff. 80%
and V £ 140 gd |Standby Loss Standby LossVaries |Standby Loss Varies by
342(3)(5)(B) by Volume Volume
>155 kBtu/h Thermal Eff. and |1/1/94 | Thermal Eff. 78% Thermal Eff. 80%
and VE£140ga |Standby Loss Standby LossVaries |Standby Loss Varies by
342(3)(5)(C) by Volume Volume
Instantaneous V<10gd Thermal Eff. 1/1/94 | Thermal Eff. 80% Thermal Eff. 80%
Water Heaters Instantaneous 342(a)(5)(D)
10 ga <V Therma Eff. and |1/1/94 | Thermal Eff. 77% Thermal Eff. 80%
<140 gd Standby Loss Standby LossVaries |Standby Loss Varies by
Instantaneous 342(a)(5)(E) by Volume Volume
Storage Tanks |V >140 gal Heat Loss 1/1/94 |Heat Loss6.5 Btu/hkt? |Heat Loss 6.5 Btu/ht?
Unfired 342(a)(5)(F)
Storage Water | Prescriptive 1/1/94 |R-125,11D R-12.5,11D
Heaters and 342(a)(5)(G)
Storage Tanks
>140 gd

1.1 Scopeof the Analysis

The screening analysis examined the efficiency levels specified in EPCA and Standard 90.1-1999 for
the EPACT-covered equipment, as well as more efficient levels, including those associated with the most
efficient products available in the market. For each level above the EPCA standard, the following were

estimated:

1. theincremental national energy and carbon emission savings that would result from a standard set at

that level

2. the NPV that would result from a standard set at that level, as compared with the corresponding
Standard 90.1-1999 and EPCA standards.
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Table 1.3. Characteristics of Certain Products Analyzed in Screening Analysis

Performance

Equipment Type Size Category Characteristic Analyzed
3-Phase, Single-Package, Air-Source AC
3-Phase, Split-System, Air-Source AC <65 kBtu/h
3-Phase, Single-Package, Air-Source HP cooling performance only
3-Phase, Split-System, Air-Source HP cooling performance only
Central, Air-Source AC
Central, Air-Source HP cooling performance only
Central, Water-Source HP ?65 kBtu/h and <135 kBtu/h cooling performance only
Central, Water-Cooled AC
Central, Air-Source AC
Central, Air-Source HP 3135 kBtu/h and <240 kBtu/h | cooling performance only
Central, Water-Cooled AC
Central, Water-Cooled AC <65 kBtu/h
Central, Water-Source HP <17 kBtu/h cooling performance only
Centra, Water-Source HP 317 kBtu/h and <65 kBtu/h cooling performance only
Packaged Terminal Air Conditioners (PTACS)
Packaged Termina Heat Pumps (PTHPS) cooling performance only
Small Gas-Fired Steam Boilers <2,500 kBtu/h
Large Gas-Fired Steam Boilers >2,500 kBtu/h
Large Gas-Fired Hot Water Boilers >2,500 kBtu/h
Gas-Fired Warm-Air Furnaces >225 kBtu/h
Gas Storage Water Heaters >155 kBtu/h
Gas Storage Water Heaters £155 kBtu/h
Electric Water Heaters >12kW
Gas-Fired Tankless Instantaneous Water Heaters
Gas-Fired Instantaneous Water Heaters with Tanks

Table 1.4. Characteristics of Certain Products Not Analyzed in Screening Analysis

Performance Characteristic Not

Equipment Type Size Category Analyzed
3-Phase, Single-Package, Air-Source HP <65 kBtu/h heating performance
3-Phase, Split-System, Air-Source HP heating performance

Central, Air-Source HP

3135 kBtu/h and <240 kBtu/h| heating performance

Centra, Air-Source HP 365 kBtu/h and <135 kBtu/h | heating performance
Central, Water-Source HP <135 kBtu/h heating performance
PTHP heating performance
Water-Source HP 3 135 kBtu/h and <240 kBtu/h

Evaporatively Cooled Products

Qil-Fired Warm-Air Furnaces >225 kBtu/h

Qil-Fired Storage Water Heaters £155 kBtu/h

Qil-Fired Storage Water Heaters >155 kBtu/h

Qil-Fired Instantaneous Water Heaters with Tanks

Qil-Fired Small Boilers <2,500 kBtu/h

Qil-Fired Large Boilers >2 500 kBtu/h steam and hot water

Tankless Qil-Fired | nstantaneous Water Heaters
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These products were excluded because of insufficient data describing baseline energy consumption
and cost-efficiency relationships, a small market for the products or lack of product shipment data, or, for
heating performance of air-source heat pumps, absence of a suitable methodology to discriminate their
heating function from that of supplemental heat sources with which they are often used.

1.2 Methodology Overview

This section provides an overview of the methodology used for the screening analysis (with
additional details provided in subsequent sections), which was divided into five steps:

Engineering Analysis

National Energy Impacts
National Economic Impacts
Life-Cycle Cost (LCC) Analysis
National Emissions Reductions

agrMwDNPE

The energy end-uses for the various cooling, heating, and water-heating equipment categories at
severa different efficiency levels were estimated using a full-load equivalent operating hour (FLEOH)
approach. The details of the engineering analysis are provided in Section 2.0.

The magnitude of heating, ventilating, and air-conditioning (HVAC) and service water-heating
(SWH) loads imposed on equipment depends on the physical and operational characteristics of the
building in which the equipment is used, as well as the prevailing climatic conditions. To capture this
variation of equipment energy use, coil loads for 7 representative building types at 11 climate locations
were estimated, based on a whole-building simulation. Details of this process are presented in
Section 2.0. The mapping of the building loads to normalized equipment loads (for a particular
equipment size) using a FLEOH approach is also addressed.

For each equipment category, the energy usage of a given piece of equipment was estimated based on
a characteristic equipment size for each combination of representative building type and climate location.
The unit energy use was estimated using FLEOH and adjusted for each nominal equipment efficiency
level being considered.

The national energy impacts of higher efficiency equipment were estimated by 1) mapping climate
locations onto regions and 2) estimating the fraction of each year’s national equipment shipments (by
product category) within market segments, as defined by a representative building type within a particul ar
region of the United States. Because detailed statistical information related to where and in what types of
buildings the equipment is currently being installed is generally unavailable, an allocation process was
developed. The estimated allocation of national shipments to market segments was primarily based on
information from the Commercia Building Energy Consumption Survey (CBECS) (EIA 1992, 1995)
related to floor space and saturations of generic equipment types for each market segment. National
energy consumption for each equipment category was then estimated at each efficiency level by
multiplying the annual unit energy use in each market segment with the annual shipments expected for
that market segment.
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The LCC analysis was conducted at the market segment level with region-specific energy prices; and
thus provides some insight on the distribution of LCC cost savings across the building population.
National NPV was calculated as a summary metric of the total national economic impact due to any
chosen level of efficiency standard. This metric combines the influence of the LCC savings per unit, as
well as the projected volume of shipments in each equipment category. This processis explained in more
detail in Section 3.0, as well as the national emissions reductions that can be achieved by adopting higher
efficiency level.

1.6



2.0 Engineering Analysis

This section describes the engineering approach used in the screening analysis. A discussion on how
the space-heating, space-cooling, and water-heating loads were generated is presented. The method for
selecting representative building types and climate locations used for the analysis and the basis for their
selection are then described, followed by the approach used to estimate the equipment loads and annual
energy use. Finally, the cost data, including the first cost and equipment cost versus efficiency for each of
the products analyzed and the sources of the information, are provided.

2.1 Engineering Approach

The annual load and energy use for the various EPACT-covered heating, cooling, and water-heating
products at different efficiency levels were estimated for the analysis using a FLEOH approach. The
FLEOCH is effectively the number of hours that a system would have to run at full capacity to serve atotal
load equal to the annual load on the equipment. FLEOH is calculated as:

FLEOH = Annua Load 2.1)
Equipment Capacity

FLEOH is strictly defined as being related to the equipment capacity, not the peak load on the system.
Because FLEOH is used to generate annual heating and cooling loads irrespective of equipment size, an
assumption is required on how the equipment is typically sized that must be used consistently. For this
analysis, the assumption was that the equipment is sized based on the design-day peak equipment load
with no explicit oversizing:

Equipment Capacity = Design Day Peak Load (2.2)
Substituting Equation (2.1) into Equation (2.2) yields:

FLEOH = Annua Load 2.3)
Design Day Peak Load

The FLEOH for a piece of equipment is a function of the relative annual load to the peak building
load. In general, thisratio will vary depending on building construction, building internal loads, building
schedules, and orientation and exposure of the zone that the equipment serves. It was assumed that for
any given building type, the internal-load characteristics and building schedules are constant across the
building.

The FLEOH represents a simplified approach for estimating energy use. The efficiency level analysis

is based on the rated efficiency at the rated conditions [e.g., the energy efficiency ratio (EER) rating for
commercial packaged cooling equipment] as a proxy for equipment efficiency. For example,
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improvements in rated EER can come from several design modifications, including more efficient
compressor designs, better heat transfer characteristics of the coils, improved refrigerants, or reduced fan
energy requirements. The EER may not reflect efficiency improvements from some design options or
control strategies used to enhance the part-load or off-design performance, such as a multiple-compressor
system designed to improve part-load performance.

The design changes that enhance full-load performance will generally improve part-load efficiency;
thus, improvements in full-load efficiency ratings can be used in estimating a minimum improvement in
average annual efficiency for a product.

Three general caveats should be noted with regard to the FLEOH approach. First, the approach does
not directly address the off-design performance. Second, accuracy decreases when assessing equipment
energy uses that do not scale with the load on the equipment; e.g., the supply fan energy use in packaged
cooling equipment, or the standby loss inherent in a water heater or a boiler. Third, the approach does not
address cycling losses in equipment.

For cooling equipment, the condenser performance (COP) generally increases at off-design
performance. However, this fact is mitigated by the cycling losses that tend to occur in actual use and by
the fact the fan energy use is relatively constant.

A review of package system annual average EER data from simulations of actual cooling systems by
Barwig et a. (1996) showed no consistent pattern as to whether the annual efficiency of packaged air-
conditioning equipment in atypical building application was over- or under-represented. Annual average
EER variations of —14% to +12% of the nominal EER rating were seen across the building types and
locations model ed.

For boilers and furnaces, the FLEOH approach may somewhat underestimate the annual energy used
in the equipment. For furnaces, the effect is small because the losses during the off-cycle periods are
small, and much of the heat remaining in the heat exchanger during the off-cycle will be picked up in the
building air stream, at least during periods of occupancy.

For boilers, the total annual standby lossis largely a function of the period available for operation
(hot standby period). Because thisis an operation issue and is not specific to equipment design and
climate location, the standby loss cannot be accurately captured in asimplified analysis. For this analysis,
the boiler FLEOHS are adjusted by calculating a standby loss factor to account for the standby losses (as
described in Appendix A).

The analysis of SWH equipment was similar to the boiler analysis. The total sandby loss of energy
for SWH equipment is a function of the standby loss rating for the equipment being examined, as well as
the number of hours the system is on standby (generally 8760 hours minus actua firing hours). Unlike
the boiler analysis, where the FLEOHSs were adjusted to reflect standby losses, the standby losses for
water heaters were explicitly specified.
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2.2 Annual Building and Equipment Space-Heating and -Cooling L oads

The first step in the process to create the building-level weighted FLEOH was to use a generic three-
story, 15-zone prototype building, with characteristics that represent a particular building type to estimate
the coil loads. The generic building coil loads are estimated for each building type and at each climate
location. In addition to the variation in building characteristics, the use of airside economizers and
setback (setup) schedules can significantly affect the space loads. To account for these variations, four
sets of the generic building coil loads were estimated: 1) with economizer and setbacks; 2) with
economizer and without setbacks; 3) without economizer with setbacks; and 4) without economizers and
setbacks. The generic coil loads for each simulation (308 total runs, corresponding to 7 building types, 11
climate locations, and 4 combinations) were scaled to represent an average building (see Appendix A for
details of the building size and shape selections). The four sets of FLEOH for the cooling products and
two sets of FLEOH for the heating products (economizer runs do not apply to heating products) are
tabulated in Appendix A, as well as the weights associated with the fraction of the buildings having
economizers and setbacks/setups. These weights were derived from the CBECS (EIA 1995a).

From the scaled results, FLEOH were generated for heating and cooling equipment for each
representative building. Because multiple building zones exist in the scaled building, the FLEOHSs from
each zone are weighted by the design loads in the zone to determine an average weighted FLEOH for that
building. The weights account for higher influence by zones having larger peak loads and a
corresponding larger number of units serving the zone. This aggregation resultsin asingle FLEOH for a
particular building type and climate location. FLEOH are calculated for each class of equipment (heating
and cooling) and for each representative building type and climate location simulated. The process for
estimating the weighted FLEOH by building type and climate location isillustrated in Figure 2.1.

The annual load on HVAC or SWH equipment can be estimated by multiplying the FLEOH for that
representative building type, equipment use (heating, cooling or water heating), and climate, by the output
capacity (i.e., kBtu/h) of the equipment. For this anaysis, the assumption was that the equipment is sized
to meet the design-day peak load, consistent with the chosen sizing algorithm.

2.3 Trandation of Annual Loadsto Annual Energy Use

Equipment efficiency is used to trandate annual equipment loads to energy use as shown in
Equation (2.4). For simplicity, the equipment efficiency rating was used in the analysis seasonal energy
efficiency ratio (SEER)/EER for cooling equipment, thermal efficiency for heating and water-heating
equipment) because it is readily available for comparison across equipment categories; hence, for
commercial cooling equipment:

FLEOH x Equipment Capacity
Efficiency

Annua Energy Use = (2.9)
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For packaged boilers and water-heating equipment, the FLEOH were adjusted to account for jacket
losses and standby losses, respectively. Therefore, the calculated annual energy use is the gross
consumption, including any losses associated with the products.

2.4 Representative Building Types

Because the scope of the analysis was to screen the products showing significant additional energy
savings over the Standard 90.1-1999 efficiency levels, the building types to be used in the analysis were
selected to account for at least 75% of the total commercial building energy consumption.

Based on the annual energy use of principal building types from the CBECS (EIA 1995), aranking of
the building types was developed as shown in Table 2.1. Seven of the top eight building types (in terms
of the magnitude of annual energy use) were used in a previous analysis of efficiency levels for selected
commercia equipment (Barwig et al. 1996). The 7 building types also represent 78.4% of the cumulative
total energy consumption of all commercia buildings. Because they account for more than three-quarters
of the total commercial building energy consumption, the 7 building types were selected as the
representative building types that were simulated using the BLAST software for the present analysis
(BLAST 1991).

Although the health care building type accounts for a significant fraction (10%) of the total
commercial building energy use, it was not chosen for this analysis because comprehensive and accurate
building characteristics were not available. However, the outpatient care/doctor’ s office segment of the
health care building type was accounted for by using the office building model to represent space-cooling,
space-heating, and water-heating loads. This addition brought the percentage of the energy consumption
captured in the screening analysis up to over 80%.

Table 2.1. Energy Consumption by Principal Building Activity

Annual Energy Use Cumulative
Principal Building Activity (trillion Btu) Per cent of Total Per cent
Office 1,019 19.1 19.1
Mer cantile and Service 973 18.3 374
Education 614 115 49.0
Health Care 561 105 595
L odging 461 8.7 68.2
Public Assembly 449 8.4 76.6
Food Service 332 6.2 82.8
War ehouse and Storage 325 6.1 88.9
Other 173 3.3 922
Food Sales 137 2.6 94.8
Public Order and Safety 124 2.3 97.1
Religious Worship 104 2.0 99.0
Vacant 51 1.0 100.0
Totd 5,323 100.0
Source: CBECS (EIA 1995).
The building activitiesin bold were used in the screening analysis.
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2.5 Climate Locationsfor the BLAST Simulation

The national climate variations for the BLAST simulation were represented by the same 11 climate
locations used in the Standard 90.1-1999 analysis, as well as the earlier equipment standards analysis
(Barwig et al. 1996). The 11 climate locations are Providence, Rhode Island; Detroit, Michigan;
Minneapolis, Minnesota; Knoxville, Tennessee; Shreveport, Louisiana; Tampa, Florida;® Denver,
Colorado; Phoenix, Arizona; Seattle, Washington; Fresno, California; and Los Angeles, California.

Climate locations (see Figure 2.2) were selected to represent their influence on energy usein
commercia buildings. The selection process used climate-based criteria to determine the most represen-
tative climates. Work performed in developing Standard 90.1-1989 identified 11 climate-based criteria
that were determined to have significant influence on energy use in commercial buildings (ASHRAE
1989). Further details on the selection criteria can be found in Appendix D of Barwig et al. (1996).

2.6 Building Heating, Cooling, and Water-Heating L oads

For heating and cooling equipment, the annual energy use is a function of the heating or cooling loads
the equipment must meet. For a single equipment application, these loads can vary by hour of the day,

West North Central

Middle
Atlantic

Figure 2.2. U.S. Map Showing 11 Climate Locations (cities) and Corresponding Climate Regions
(dark boundaries), and 9 Census Divisions (shaded area)

(@) We replaced Orlando, Florida with Tampa, Florida because TMY 2 weather data used for this analysis
were not available for Orlando.
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day of the week, and time of the year. The variations are driven by factors such as the type of building in
which the equipment is installed; the activities and internal loads (lighting, occupant, and receptacle
loads) in the building; and the buildings’ internal and external environmental conditions, ventilation rates,
and HVAC control strategy. Building type is a convenient descriptor for categorizing the nature of loads
the HVAC equipment must meet. For water-heating equipment, annual energy consumption depends on
the demand for hot water. This demand can be also be linked to building type by the activities that create
the demand.

2.6.1 Building Space-Heating and Space-Cooling L oads

The BLAST detailed hourly simulation program was used to calculate the building (zone) loads
(BLAST 1991). Modeling the commercial buildings using the BLAST simulation tool required several
important input assumptions about the buildings’ internal loads; key envelope characteristics;
occupancy/activity characteristics; ventilation rates and strategies; equipment control schedules; and
HVAC. Most of these inputs are based on the review of CBECS data (EIA 1992, 1995), and utility
metering studies of real buildings. Appendix A provides a detailed discussion of building load data that
were used in estimating the loads for the representative buildings types selected for the screening analysis.

This screening analysis used a generic three-story, 15-zone prototype building to estimate the coil
loads for al building types. Because of the extreme diversity in building size, shape, and other
characteristics, even within a particular building-type category, it is difficult to identify a single prototype
building that adequately represents the stock of buildings being analyzed. Any specific building plan
selected to represent an office building, for example, will have features that are not appropriate to apply to
al office buildings; e.g., the interdependence of a building's aspect ratio (Ilength versus width) and
window orientation. Few buildings are exactly square or have the same amount of glass on each face. To
address this issue and others, including the economy of BLAST input file development and maintenance,
a single generic building prototype for all building types was used.

The generic prototype® was a square, 15-zone, three-story building with five independent controlled
zones on each floor—a single “core” zone and four “perimeter” zones facing each of the four cardinal
directions. For each building type actually modeled (e.g., office buildings), the internal loads, load and
operation schedules, and building envelope were modified to represent the particular characteristics of the
building type. The cail loads from BLAST are used as generic estimates of loads in the zones (core
versus perimeter, ground versus roof) of the different building types.

The generic zone coil load estimates for various building types and climate locations were scaled to
represent the coil loads for an average building of that type. The details of the scaling process are
described in the Appendix B of Barwig et al. (1996). The representative building size and shape (or
average building) for each building type were developed based on CBECS data (EIA 1992, 1995). The
details are provided in Appendix A of this report.

() Justification for using a three-story, 15-zone building and scaling loads from the generic building to a
specific building type is described in Barwig et al. (1996); additional details on the 15-zone building
prototype are also described in Friedrich and Messinger (1995).
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2.6.2 SWH Loadsand Equipment Sizing
2.6.2.1 Loads

Average and peak hourly loads are based on data provided in Chapter 45, Table 7, of the ASHRAE
Handbook of HVAC Applications (ASHRAE 1995). However, the loads are given in terms of service
units, which were converted to loads per sq ft for thisanalysis. These conversions were developed for
each building type (see Appendix A, Section A.11).

2.6.2.2 Sizing

Knowing the peak hourly load is not sufficient to properly size water-heating equipment. The
volume-to-recovery ratio for most commercial storage water heaters is considerably less than one hour,
and commercial buildings with built-up systems often provide storage much greater than one hour.
Chapter 45 of ASHRAE (1995) provides curves that characterize the trade-off between water heater
recovery capacity and usable storage capacity for each building type. For this analysis, the ASHRAE
curves were normalized by expressing storage capacity in terms of storage time rather than storage
volume. With the normalized curves, presented in Appendix A, Section A.11, the ratio of a given water
heater’ s peak-load capacity to steady-state capacity in a given application can be obtained from the water
heater’ s storage time:

Storage Volume

Storage Time (hours) = -
Recovery Capacity

(2.5)

where storage volume is the actual storage volume in gallons and recovery capacity is the rated recovery
capacity in gallons per hour.

The analysis was further simplified by finding the slope and intercept for each sizing curve in the
small region (Storage Time <1 hour) where all EPACT-covered equipment lies. The slopes and
intercepts, and service unit conversions from Appendix A; the average and peak hourly loads from
Chapter 45 of ASHRAE (1995), Table 7; and other essentia parameters (sources noted) are summarized
by building type in Table 2.2.

2.7 Mapping EPCA Equipment Categoriesto ASHRAE/Industry
Equipment Categories

EPCA, Section 342, as modified by EPACT, includes minimum-efficiency standards for small and
large commercial packaged air-conditioning and heating equipment, packaged terminal air conditioners
and heat pumps, warm-air furnaces, packaged boilers, storage water heaters, instantaneous water heaters,
and unfired hot water storage tanks. Each of these general classes of equipment is broken down by size
and design into categories, for each of which a minimum efficiency standard is prescribed in EPCA.
Most of these original categories are from Standard 90.1-1989.
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Table 2.2. Building Service Water Heater Load Parameters by Building Type

Assembly | Education | Restaurant | Lodging | Office Retail | Warehouse Source
Average Loads
(gph/su) 0.042 0.050 0.100 0.583 0.042 0.042 0.042 | ASHRAE 1995
Peak Load
(gph/su) 0.4 0.8 15 5 0.4 0.4 0.4 ASHRAE 1995
Service Unit Occupant Student Meal Room | Occupant | Occupant | Occupant | ASHRAE 1995
Occupancy
(people/1,000
ft?) 16 10.7 11 33 33 22 0.3 Barwig et al. 1996
Service Unit
(su/1,000 ft?) Appendix A,
Density 16 10 19 33 33 22 0.3 SectionA.11
Average Load
(agph/1,000 ft?) 0.67 0.50 1.90 1.93 0.14 0.09 0.013 | Cdculated
Peak Load
(xgph/1,000ft?) 6.40 8.00 28.50 16.50 1.32 0.88 0.120 | Calculated

Appendix A,

Slope -2.5 -6.7 -3.3 -2.7 -25 -25 -2.5 SectionA.11
I nter cept Appendix A,
(xgph/agph) 9.6 18.2 15.0 8.3 9.6 9.6 9.6 SectionA.11
Set Point (°F) 120 120 160 140 120 120 140 Barwig et al. 1996
Set Point (°F) 120 120 140 120 120 120 120 ASHRAE 1995
Operation
(daylyr) 365.25 205 365.25 365.25 365.25 365.25 365.25 ASHRAE 1995

su = sarvice units; gph = gal per hour; agph = average hourly load and peak hourly load in gal per hour; xgph = peak gal per hour.

To update the EPCA 92 minimum-efficiency requirements to be based on those in Standard 90.1-
1999, and to obtain cost data for the appropriate equipment categories, the Standard 90.1-1999 equipment
categories were mapped to those in EPCA. Generally, a one-to-one correspondence existed between the
categories in Standard 90.1-1999 and EPCA. However, in the following instances, EPCA does not
delineate categories of equipment in the same manner as Standard 90.1-1999:

1. where Standard 90.1-1999 splits the EPCA size category into multiple-size categories such as the
EPCA category for water-source heat pumps <65 kBtu/h

2. where EPCA provides asingle efficiency level for “water-cooled, evaporatively cooled, and water-
source central air conditioners and central air-conditioning heat pumps;” in each of several size
categories identified. Standard 90.1-1999 provides a separate standard for three product categories:
water-cooled air conditioners, evaporatively cooled air conditioners, and water-source heat pumps.

3. where Standard 90.1-1999 has broken both the PTAC and PTHP categories into “new construction”
and replacement market categories

4. where EPCA has two boiler categories- one for natural gas and one for oil-Standard 90.1-1999 has
broken these two boiler categories into several separate categories based on size range (300 to
<2,500 kBtu/h and >2,500 kBtu/h), fuel type (gas-fired, oil-fired, oil-fired [residual]), and either hot

water or steam output.
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2.8 Lifetime, Shipment, Baseline Cost, and Relative Cost Data
This section presents the engineering data that were gathered and used for the screening analysis.
2.8.1 Distribution Chain and Pricing for HVAC/SWH Equipment

To understand cost information on HVAC and SWH equipment, we had to know the distribution
chain and the point in the chain from which a cost was collected. Original equipment manufacturers
(OEMSs) have design, development, materials, labor, and overhead costs to produce mechanical
equipment. Based on these costs and other factors, they determine selling prices for various markets and
circumstances. As a product moves through distributors, agents, and deal ers/contractors, expenses and
margins are added to the selling price. For any group of costs, we must know the source of each cost and
its level within the distribution chain (see Figure 2.3).

Original
Equipment
Manufacturer
( OEM L OEM W
National Distributorships
Accounts (Factory Branch or
(Distributor or End-User) ( Independent)
I
Mechanical Dealer/
Contractor Contractor
General .
End-User Builder End-User
Contractor
End-User End-User End-User

Figure 2.3. Equipment Distribution Chain
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While the structure of the distribution chain may vary among manufacturers, several basic levels can
be identified. OEMs traditionally market their products in two ways- through national accounts and
distribution systems. National accounts may be end-users or function as secondary distribution systems.
Distribution systems may be multiple combinations of factory-owned distribution branches,
independently owned distributorships, and manufacturer’s agents.

Factory-owned distribution branches and independently owned distributorships usually operate within
designated or franchised territories. Regardless of whether the distributorship is factory- or independently
owned, it represents the OEM in the area and is responsible for delivering the market share considered
appropriate by the OEM.

Manufacturer’s agents function similar to independent distributorships. They are the OEM’s
distribution representatives within a franchised sales territory responsible for delivering market share.
Agents do not customarily stock products but rather arrange product shipments from the OEM.

National accounts are usually high-volume purchasers developed and serviced by the OEM at the
national level. They tend to cut across sales territory lines and are usually excluded from franchised
distribution agreements. Products are shipped directly from factories to clients at either individual job
sites or warehousing facilities. Some national accounts are end-users while others resell the product for
installation. Manufactured and modular home producers are traditional national account markets because
the ultimate destination of the OEM’ s product may cross sales territory lines.

Distribution systems primarily serve two groups of contractors- heating and air-conditioning or
plumbing dealers/contractors and mechanical contractors. The heating and air-conditioning or plumbing
dealer/contractor traditionally purchases mechanical equipment from the distributorship and contracts
with end-users to provide and install the equipment. The dealer/contractor is usually alocal company that
sells and services one or two equipment brands. In exchange for loyalty to a distributor’s brand, the
company may be given a somewhat exclusive right to market that brand in a given area. When quoting
equipment and installation costs, the contract price is usually presented as one figure and does not
separate equipment from other costs. |ssues such as system design, installation, start-up, and warranty
make the sale of “equipment only” impractical and unlikely.

Mechanical contractors generally bid to general contractors on construction projects designed by
architects and engineers. The bid must be based on specified or listed equipment approved as equival ent
for each job. The distributorship or manufacturer’s agent furnishes quotes on the specified equipment (or
approved aternatives) for each construction project to all mechanical contractors planning to bid on the
project and for other equipment upon request. The mechanica contractor exhibits no brand loyalty and
has no protected sales territory. Equipment sales to mechanical contractors are from the distributorship or
manufacturer’s agent and do not go through the dealer/contractor. The mechanical contractor’s bid is
incorporated into the general contractor’s bid and increased by some percentage as a part of the general
contractor’ s fee for managing the project. The cost of the equipment is not separated from other costs.
For design-build and other negotiated work, the mechanical contractor may contract directly with the end-
user. Even in these situations, the contract price seldom separates equipment from other costs.
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2.8.2 Efficiency and Cost Data — Cooling Equipment

This section presents the lifetime, shipments, baseline cost, and relative cost for higher efficiency
levels for the cooling equipment.

2.8.2.1 Servicelife

Estimates of service life for equipment are based on datain ASHRAE (1995). A 15-year service life
was used for all air-cooled products. A 19-year service life was used for al evaporatively cooled and
water-cooled products.

2.8.2.2 Shipment