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Introduction and BackgroundIntroduction and Background

• In September 2007 at the CEE Partners meeting we discussed the feasibility to 
increase the gas heat exchanger efficiencies of outdoor rooftop products

• At that time there will several reasons why the initiative could not be justified;

– Higher efficiencies would result in condensing furnaces which would 
generate acidic condensate that would require new heat exchanger and unit 
designs

– Acid condensate would be formed and would be difficult to dispose of for 
outdoor products and could freeze in cold ambient conditions

– Unlike residential indoor non-weatherized furnaces the indoor fans on 
commercial equipment are required to run continuously during the occupied 
period for ventilation and the incremental power of the increased high 
efficiency heat exchangers was shown to offset the savings in gas costs
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Agenda TopicsAgenda Topics

• Review of Highlights of 2007 Presentation
– Current Packaged Rooftop Overview
– Gas Heat Exchanger Design and Efficiency
– Issues and Risk with Increased Gas Heat Exchanger 

Efficiencies
– Energy Savings Analysis

• Updated Energy Analysis using new ASHRAE baseline 
buildings

• Discussion
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Rooftop Product OverviewRooftop Product Overview

• The CEE proposal is focused on the 5-10 
ton range of rooftop products

• This is a piece of the overall commercial 
product line that goes from 2 tons to over 
150+ tons

• Sometimes it is referred to as the Rooftop 
products, but a better designation is the 
outdoor packaged products

• You can see the overall market volume 
statistics in the graph

• This does not include the residential 
version of packaged products which we 
call the small packaged products (SPP)

• From an overall design strategy there is a 
great deal of commonality which  allow for 
the use of high volume manufacturing

• Essential all these products have been 
redesigned in the past few years because 
of the new 2010 ASHRAE 90.1 
efficiencies and elimination of HCFC-22
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Packaged Unit ApplicationsPackaged Unit Applications
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Packaged Unit ApplicationsPackaged Unit Applications
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Small Packaged ProductsSmall Packaged Products
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Residential vs. Commercial ApplicationsResidential vs. Commercial Applications

• There are significant application differences between commercial and 
residential
– In commercial, the indoor fan is always on during the occupied 

period due to ventilation requirements as defined by ASHRAE 62.1
– Commercial applications tends to have much higher cooling loads 

due to internal plug loads which can be 25 to 30% of the load plus 
the internal occupancy density is much higher

– Commercial buildings like offices tend to use time of day schedule
where the unit is off or setback during the evening where residential 
tends to be operating at design temperatures during the evening

– Cooling/Heating Changeover temperatures are much lo wer and 
cooling dominates the commercial market and heat to cool ratios 
are lower
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Building Load ProfilesBuilding Load Profiles
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Typical Typical GasPacGasPac Rooftop DesignRooftop Design

Compressor

Indoor Fan

Base Pan

Base Rail

Condenser Coil

Indoor CoilControl Box

Gas Heat
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Gas Heat Technology Gas Heat Technology –– SPP ProductsSPP Products

Typical SPP Product

Tubular Heat Exchanger
Design
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Gas Heat Technology Gas Heat Technology –– Large RooftopsLarge Rooftops

Large 100 Ton Commercial
Rooftop
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Current Efficiency Requirements Current Efficiency Requirements –– ASHRAE 90.1ASHRAE 90.1

• Efficiency Requirements for Commercial Equipment are Defined by the 
ASHRAE 90.1 code.  The most recent version is the 2007

Note that efficiency levels have been established to be on the edge of condenser furnaces
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Proposed Efficiency Requirements Proposed Efficiency Requirements –– ASHRAE 189.1ASHRAE 189.1

• In the proposed draft of ASHRAE 189.1 they have increased the efficiency of 
non-weatherized gas furnaces but did not change the requirements for
weatherized furnaces.
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Gas Furnace Efficiency RatingsGas Furnace Efficiency Ratings

• For NAECA covered products the efficiency designator is AFUE which is 
defined by the ASHRAE 103 procedure.  
– It includes allowances for jacket losses and cyclic fans.

– Intent was for residential applications of warm air furnaces

• For large commercial furnaces a Steady State thermal efficiency is used and is 
defined by the ANSI Z21.47 standard

– For larger commercial units the steady state efficiency was chosen because 
the fans do not cycle and must be on for to meet the ventilation
requirements of ASHRAE 62.1
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Performance Certification ProgramsPerformance Certification Programs

• Commercial gas units are covered by two different GAMA programs.

– The small units (<225k heating input, <65k cooling capacity, single phase 
electric) are in the traditional furnace AFUE directory. The relevant 
standard for these products is ASHRAE 103 which includes a seasonal-type 
calculation for either non-condensing or condensing furnaces.

– Large units (>225k heating input, any cooling capacity, any electric phase) 
are in the new Commercial Gas Furnace directory. This program just 
started up about a year ago in response to a DOE ruling in 2004. The test 
standard is ANSI Z21.47 which includes a steady state efficiency for non-
condensing units.

– It is true that there is a narrow gap in coverage for units <225k heating 
capacity but >65k cooling capacity. These units do not have third party 
certification now and the won't have in the future unless DOE decides to 
close this gap.
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Higher Efficiency Gas Furnace TechnologyHigher Efficiency Gas Furnace Technology
• To increase the efficiency of a gas furnace 

requires that you reduce the temperature of 
the flue gas

• The industry has developed this technology 
for the indoor residential furnaces 

• The typical approach is to add additional 
surface area to the heat exchangers thru 
additional passes with smaller diameter 
tubes and enhanced heat exchanger 
section

• Once you go above the 78% AFUE or 81% 
SSE you begin to condenser water

• In this water are dissolved carbonic acid 
from the combustion, sulfuric acid due to 
odorants in the gas supply, and 
hydrochloric acid due to contaminants in 
the air.

• Typical approach for residential is to pipe 
the condensate into the house sewer drain

Primary Heat
Exchanger

Secondary
Heat Exchanger
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Flue Gas CondensationFlue Gas Condensation

• The following is some work that we have done to look at the threshold for 
condensation

Weatherized Furnace
Flue-Gas-Bearing Component Surface Temperature vs. Time
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Impact of Condensation and Acidic Flue GasImpact of Condensation and Acidic Flue Gas

With outdoor products the outside 
air temperature can influence the 
formation of condensate as shown in 
the pictures of an SPP product that 
was not designed for condensation
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Condensate DisposalCondensate Disposal

• Because of the acidic nature of the 
condensate you can not drain it on 
the roof or the ground.

• For curb mounted units it might be 
possible to drain thru the curb

• For ground mounted units which is 20 
to 30% of the market it would be 
difficult to drain the condensate as it 
might be below the level of the sewer 
lines

• Also heating is used when the 
ambient is below freezing and the 
condensate lines and condensate will 
freeze
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Prior Energy Savings Potential AnalysisPrior Energy Savings Potential Analysis

• At first review one would think that if we improved gas heat efficiencies from 
80% to 90% that you would save 10% in gas energy

• This is not the case.  To obtain the higher efficiency you typically have to add 
additional surface to the gas heat exchangers and because of the low flue gas 
temperatures this surface has to be large and this added surface results in 
increased airside pressure drop

• Keep in mind that on a commercial application the indoor fan is always on in the 
occupied mode and that the additional pressure drop will be imposed during the 
heating, cooling, and air side economizer cycle (if used).

• To evaluate this I did a quick annualized energy analysis using a new tool that 
we are developing in the ASHRAE 90.1 committee which uses the 17
benchmark cities defined for the ASHRAE 90.1 weather zones

• I assumed typical office and hospital load profiles with a 10 ton rooftop
• I assumed a 0.5 inch increase in the airside pressure drop and a 10% 

improvement in gas heat exchanger efficiencies
• I used the ASHRAE 90.1 standard work energy costs which are 1.25 $/Therm

for gas heat  and .0942 $/kw for electricity
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Office ResultsOffice Results

CITY GAS SAVINGS GAS SAVINGS ELECTRIC SAVINGS TOTAL SAVINGS
therms $ $ $

Miami 0.0 $0.00 -$165.69 -$165.69
Houston 0.0 $0.04 -$165.69 -$165.65
Phoenix 0.0 $0.01 -$165.69 -$165.68
Memphis 0 $0.52 -$165.69 -$165.17
El Paso 1 $1.08 -$165.69 -$164.61
San Francisco 0 $0.00 -$165.69 -$165.69
Baltimore 5 $6.07 -$165.69 -$159.62
Albuquerque 3 $3.30 -$165.69 -$162.39
Salem 0 $0.37 -$165.69 -$165.32
Chicago 14 $17.44 -$165.69 -$148.25
Boise 3 $3.66 -$165.69 -$162.03
Burlington 27 $33.58 -$165.69 -$132.11
Helena 24 $30.35 -$165.69 -$135.34
Duluth 51 $64.28 -$165.69 -$101.41
Fairbanks 158 $197.43 -$165.69 $31.74

Only could find a positive savings in the very cold zone 8
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Hospital ResultsHospital Results
CITY GAS SAVINGS GAS SAVINGS ELECTRIC SAVINGS TOTAL SAVINGS

therms $ $ $
Miami 0.0 $0.00 -$463.42 -$463.42
Houston 1.8 $2.29 -$463.42 -$461.14
Phoenix 0.9 $1.15 -$463.42 -$462.27
Memphis 17 $20.95 -$463.42 -$442.47
El Paso 14 $17.35 -$463.42 -$446.07
San Francisco 0 $0.16 -$463.42 -$463.27
Baltimore 49 $60.96 -$463.42 -$402.46
Albuquerque 37 $46.81 -$463.42 -$416.61
Salem 11 $13.71 -$463.42 -$449.72
Chicago 96 $120.38 -$463.42 -$343.05
Boise 46 $57.10 -$463.42 -$406.32
Burlington 169 $211.34 -$463.42 -$252.09
Helena 146 $181.93 -$463.42 -$281.49
Duluth 291 $363.38 -$463.42 -$100.04
Fairbanks 671 $838.36 -$463.42 $374.94

The amount of gas heat savings increased due to the increased operating hours 
especially at the night time lower temperatures, but the increased operating hours 
of the indoor fan essentially counter  the gas savings, and again only a positive 
savings was seen in the cold zone 8 
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Office Results with .25 inch Incremental staticOffice Results with .25 inch Incremental static

CITY GAS SAVINGS GAS SAVINGS ELECTRIC SAVINGS TOTAL SAVINGS
therms $ $ $

Miami 0.0 $0.00 -$93.97 -$93.97
Houston 0.0 $0.04 -$93.97 -$93.93
Phoenix 0.0 $0.01 -$93.97 -$93.96
Memphis 0 $0.52 -$93.97 -$93.45
El Paso 1 $1.08 -$93.97 -$92.89
San Francisco 0 $0.00 -$93.97 -$93.97
Baltimore 5 $6.07 -$93.97 -$87.91
Albuquerque 3 $3.30 -$93.97 -$90.67
Salem 0 $0.37 -$93.97 -$93.60
Chicago 14 $17.44 -$93.97 -$76.53
Boise 3 $3.66 -$93.97 -$90.32
Burlington 27 $33.58 -$93.97 -$60.39
Helena 24 $30.35 -$93.97 -$63.62
Duluth 51 $64.28 -$93.97 -$29.70
Fairbanks 158 $197.43 -$94.02 $103.41
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Hospital Results with .25 Incremental StaticHospital Results with .25 Incremental Static

CITY GAS SAVINGS GAS SAVINGS ELECTRIC SAVINGS TOTAL SAVINGS
therms $ $ $

Miami 0.0 $0.00 -$262.84 -$262.84
Houston 1.8 $2.29 -$262.84 -$260.55
Phoenix 0.9 $1.15 -$262.84 -$261.69
Memphis 17 $20.95 -$262.84 -$241.89
El Paso 14 $17.35 -$262.84 -$245.49
San Francisco 0 $0.16 -$262.84 -$262.68
Baltimore 49 $60.96 -$262.84 -$201.87
Albuquerque 37 $46.81 -$262.84 -$216.02
Salem 11 $13.71 -$262.84 -$249.13
Chicago 96 $120.38 -$262.84 -$142.46
Boise 46 $57.10 -$262.84 -$205.73
Burlington 169 $211.34 -$262.84 -$51.50
Helena 146 $181.93 -$262.84 -$80.91
Duluth 291 $363.38 -$262.84 $100.54
Fairbanks 671 $838.36 -$262.84 $575.52
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Updated Energy AnalysisUpdated Energy Analysis

• As part of the work we have been doing for ASHRAE 90.1 proposal justification 
we have been development standard work for modeling of buildings.

• A proposal was developed and funding was obtained from DOE to develop 
benchmark building develop EnergyPlus models of these buildings

• Northwest Pacific Laboratories has been selected to develop the benchmark 
buildings and EnergyPlus models

• As part of this work the mechanical subcommittee has also request that the 
models be run to develop load profiles for the various buildings such that they 
can use these for proposal evaluation and justification

• ASHRAE is well along on the development of the new modeling tool and 
although not all the buildings are done, there are enough that I used these new 
models to update the gas efficiency analysis.
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Building ModelsBuilding Models

The highlighted models have packaged equipment with gas heat so I have used these to update the energy 
efficiency models

WWR

Small Office 2 5,000 1 1 20%
AEDG Small 
Office  Done

Medium Office 1 54,000 3 1.5 33% DOE Benchmark 
Buildings Done

Large Office 1 500,000 12 1.5 40%
DOE Benchmark 
Buildings Done

Stand-alone Retail 2 40,000 1 1 17%
DOE Benchmark 
Buildings Done

Strip Mall 2 23,000 1 1.3 20%
DOE Benchmark 
Buildings  Done

Primary school 3 74,000 1 NA 35%
DOE Benchmark 
Buildings Done

Secondary school 2 210,000 2 NA 34%
DOE Benchmark 
Buildings Done

Outpatient health care 3 10,000 2 1.5 15% DOE Benchmark 
Buildings  

Hospital 1 200,000 5 1.33 14% DOE Benchmark 
Buildings  

Small hotel/motel 2 43,000 4 3 11%
AEDG Highway 
Lodging

Ground floor: 3.8

All other floors: 
5.1

Warehouse Non-refrigerated warehouse 1 50,000 1 2.2 2%
AEDG 
Warehouse  

Fast Food 2 2,500 1 1 14%
DOE Benchmark 
Buildings

Restaurant 3 5,500 1 1 18%
DOE Benchmark 
Buildings

Public 
Assembly

Movie theater/Cinema 3 TBD 1 TBD TBD PNNL Developed  

Mid-rise apartment 1 33,600 4 2.75 18% PNNL Prototype  

High-rise apartment 3 84,000 10 2.75 18% PNNL Developed

Status as of 9/2009

Food Service

Apartment

Large hotel 3 100,000 6

Mercantile

School

Health Care

Lodging
22% DOE Benchmark 

Buildings

Number of Floors Aspect Ratio Data SourceFloor area (ft²)

Office

Building Type Building Prototype Priority Ranking
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Small Office Building SpecificationsSmall Office Building Specifications

Zone 1A:  Miami (very hot, humid)
Zone 1B:  Riyadh, Saudi Arabia 
(very hot, dry)
Zone 2A:  Houston (hot, humid) 
Zone 2B:  Phoenix (hot, dry)
Zone 3A:  Memphis (warm, humid) 
Zone 3B:  El Paso (warm, dry)
Zone 3C:  San Francisco 
(warm,marine)

Zone 4A:  Baltimore (mild, humid)
Zone 4B:  Albuquerque (mild, dry)
Zone 4C:  Salem (mild, marine)
Zone 5A:  Chicago (cold, humid)
Zone 5B:  Boise (cold, dry)
Zone 5C:  Vancouver, BC (cold, 
marine)

Zone 6A:  Burlington (cold, humid)
Zone 6B:  Helena (cold, dry)
Zone 7:  Duluth (very cold)
Zone 8:  Fairbanks (subarctic)

Selection of representative climates based on Briggs' paper

ASHRAE 90.1 Prototype Building Modeling Specifications

Pacific Northwest National Laboratory, updated on 05-21-2009

Note: The small office prototype was adapted from DOE Benchmark IDF released in 11-14-2008.   Building infiltration, internal load schedules and HVAC efficiency and other 
data are adapted from AEDG-Small Office guide and Technical Support Document for the 5,000 sf small office model.

Item Input Data Source

Program
Vintage NEW CONSTRUCTION
Location 
(Representing 8 Climate Zones)

Available fuel types gas, electricity
Building Type (Principal Building 
Function)

OFFICE
Building Prototype

Small Office

Form
Total Floor Area (sq feet)

5,500

Building shape 

Aspect Ratio 1.5
Number of Floors

1 + Attic

Window Fraction
(Window-to-Wall Ratio)

Total: 15.1%
 North: 19.81%; East:  19.81%; South: 10.43%; West: 19.81% 

Shading Geometry none
Azimuth non-directional

Window Locations Evenly distributed along four façade except south façade

Thermal Zoning

Five zone model
Perimeter zone depth is  16'5". 

Floor to floor height (feet)
10

Floor to ceiling height (feet)
10

Glazing sill height (feet) 3 ft 
(top of the window is 8 ft high, the window is 5 ft h x 6 ft w)

• The spreadsheet shows the 
specifications for small office

• The building is a single story 
building with 5500 ft2

• The cooling and heating are done 
with packaged equipment zone by 
using multiple units

• Further details can be found in the 
modeling spreadsheet
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Medium OfficeMedium Office

• The medium office is 3 
story conventional office 
building with 53,600ft2 of 
floor space.

• It is cooled by multiple 
gas fired rooftop units

Zone 1A:  Miami (very hot, humid)
Zone 1B:  Riyadh, Saudi Arabia (very 
hot, dry)
Zone 2A:  Houston (hot, humid) 
Zone 2B:  Phoenix (hot, dry)
Zone 3A:  Memphis (warm, humid) 
Zone 3B:  El  Paso (warm, dry)
Zone 3C:  San Francisco 
(warm,marine)

Zone 4A:  Baltimore (mild, humid)
Zone 4B:  Albuquerque (mild, dry)
Zone 4C:  Salem (mild, marine)
Zone 5A:  Chicago (cold, humid)
Zone 5B:  Boise (cold, dry)
Zone 5C:  Vancouver, BC (cold, 
marine)

Zone 6A:  Burlington (cold, humid)
Zone 6B:  Helena (cold, dry)
Zone 7:  Duluth (very cold)
Zone 8:  Fairbanks (subarctic )

Selection of representative climates based on Briggs' 
paper

2003 CBECS Data

Perimeter zone depth: 15 ft. 

Each floor has four perimeter zones 
and one core zone.

Percentages of floor area:  Perimeter 
40%, Core 60%

Thermal Zoning

Shading Geometry none
Azimuth non-directional

Window Locations even distribution among all four sides
2003 CBECS Data

Number of Floors
3

Window Fraction
(Window-to-Wall Ratio) 33%

(Window Dimenstions: 
163.8 ft x 4.29 ft on the long side of facade  

109.2 ft x 4.29 ft on the short side of the façade)

Building shape 

Aspect Ratio 1.5

Building Prototype

Medium Office

Form
Total Floor Area (sq feet) 53,600

(163.8 ft x 109.2 ft)

Available fuel types gas, electricity
Building Type (Principal Building Function) OFFICE

Program
Vintage NEW CONSTRUCTION
Location 
(Representing 8 Climate Zones)

ASHRAE 90.1 Prototype Building Modeling Specificati ons

Pacific Northwest National Laboratory, updated on 04-21-2009

Item
Input

(Based on Updated Version of DOE Benchmark Building )
Data Source
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Standalone RetailStandalone Retail

• This is a typical big box retail 
store cooled by multiple 
packaged rooftops with gas 
heat

• It is a 1 story 25,000 ft2 
building 

ASHRAE 90.1 Prototype Building Modeling Specificati ons Changes that PNNL has modif ied to keep consistent with 
other prototypes based on the ASHRAE 90.1 Simulation 
Working Group's Review Comments.

Zone 1A:  Miami (very hot, humid)
Zone 1B:  Riyadh, Saudi Arabia 
(very hot, dry)
Zone 2A:  Houston (hot, humid) 
Zone 2B:  Phoenix (hot, dry)
Zone 3A:  Memphis (warm, humid) 
Zone 3B:  El Paso (warm, dry)
Zone 3C:  San Francisco 
(warm,marine)

Zone 4A:  Baltimore (mild, humid)
Zone 4B:  Albuquerque (mild, dry)
Zone 4C:  Salem (mild, marine)
Zone 5A:  Chicago (cold, humid)
Zone 5B:  Boise (cold, dry)
Zone 5C:  Vancouver, BC (cold, 
marine)

Zone 6A:  Burlington (cold, humid)
Zone 6B:  Helena (cold, dry)
Zone 7:  Duluth (very cold)
Zone 8:  Fairbanks (subarctic)

Selection of representative climates based on Briggs' paper

Pacific Northwest National Laboratory, updated on 05-14-2009

Note: This prototype was adapted from DOE Benchmark Building released on 11-14-2008.   

Item
Input

(Based on DOE Benchmark Building Version 3.0)
Data Source

Program
Vintage NEW CONSTRUCTION
Location 
(Representing 8 Climate Zones)

Available fuel types gas, electricity
Building Type (Principal Building 
Function)

RETAIL
Building Prototype

Standalone Retail

Form
Total Floor Area (sq feet)

24,695

Building shape 

Aspect Ratio 1.28 (178 ft x 139 ft)
Number of Floors

1

Window Fraction
(Window-to-Wall Ratio) 7.1%

Shading Geometry none
Azimuth non-directional

Window Locations Window only on the street facing façade 
(25.4% WWR on street facing exterior wall)
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Strip Mall Strip Mall 
• This is a typical strip mall with 

multiple store each with it’s 
own HVAC

• For this analysis I just looked at 
two of the stores

• The total strip mall is 22,500 ft2

ASHRAE 90.1 Prototype Building Modeling Specificati ons
Pacific Northwest National Laboratory, updated on 06-10-2009

Zone 1A:  Miami (very hot, humid)
Zone 1B:  Riyadh, Saudi Arabia (very hot, 
dry)
Zone 2A:  Houston (hot, humid) 
Zone 2B:  Phoenix (hot, dry)
Zone 3A:  Memphis (warm, humid) 
Zone 3B:  El Paso (warm, dry)
Zone 3C:  San Francisco (warm,marine)

Zone 4A:  Baltimore (mild, humid)
Zone 4B:  Albuquerque (mild, dry)
Zone 4C:  Salem (mild, marine)
Zone 5A:  Chicago (cold, humid)
Zone 5B:  Boise (cold, dry)
Zone 5C:  Vancouver, BC (cold, marine)

Zone 6A:  Burlington (cold, humid)
Zone 6B:  Helena (cold, dry)
Zone 7:  Duluth (very cold)
Zone 8:  Fairbanks (subarctic)

10 thermal zones: 2 large stores and 8 
small stores
See ZoneSummary  tab for details

Location 
(Representing All 8 Climate Zones)

Note: This prototype was adapted from DOE Benchmark Building released on 11-14-2008.   

Item
Descriptions

Program
Vintage NEW CONSTRUCTION

4
(0.33 for small store & 0.67 for large store)

Number of Floors 1

Available fuel types gas, electricity
Building Type (Principal Building Function) RETAIL
Building Prototype

Stripmall

Shading Geometry none

Form
Total Floor Area (sq feet) 22,500 ft² (2090 m²)

Total 10 stores, including two large store of 3750 ft² (348 m²) each, and 
8 small stores of 1875 ft² (174 m²) each

Building shape 

Aspect Ratio 

Window Fraction
(Window-to-Wall Ratio) South: 0.26%

East: 0%
North: 0%
West: 0%

Total: 10.5%

Window Locations Street facing (South) Only

Azimuth non-directional
Thermal Zoning

Floor to floor height (feet) 17

Floor to ceiling height (feet) 17

Glazing sill height (feet) 3.0 ft (top of the window is 8 ft high)
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Weather zonesWeather zones

• Energy is highly dependent on the location.

• To allow for analysis of this ASHRAE 90.1 has divided the weather zones into 
17 different climate zones

• This are typical base don US data due to weather data files, but they are 
mapped globally
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Benchmark CitiesBenchmark Cities

• As part of the ASHRAE benchmark building initiative we also defined 
benchmark cities for each weather zones

Zone Name & Type Thermal Criteria MECHANICAL
1A Very Hot - Humid 5000 < CDD10 °C Miami FL
2A Hot - Humid 3500 < CDD10 °C ? 5000 Houston, TX
4C Mixed - Marine 2000 < HDD18 °C ? 3000 Salem OR
1B Very Hot - Dry 5000 < CDD10 °C Riyadh, Saudi Arabia
2B Hot - Dry 3500 < CDD10 °C ? 5000 Phoenix AZ
3B Warm - Dry 2500 < CDD10 °C ? 3500 El Paso, TX
3A Warm - Humid 2500 < CDD10 °C ? 3500 Memphis, TN
3C Warm - Marine HDD 18 °C ? 2000 San Francisco, CA
4A Mixed - Humid CDD10 °C ? 2500 and HDD18 °C ? 3000 Baltimore, MD
5A Cool - Humid 3000 < HDD18 °C ? 4000 Chicago IL
5C Cool - Marine 3000 < HDD18 °C ? 4000 Vancouver, CA
6A Cool - Humid 4000 < HDD18 °C ? 5000 Burlington VT
4B Mixed - Dry CDD10 °C ? 2500 and HDD18 °C ? 3000 Albuquereque NM
5B Cool - Dry 3000 < HDD18 °C ? 4000 Boise ID
6B Cool - Dry 4000 < HDD18 °C ? 5000 Helena MT
7 Very Cold 5000 < HDD18 °C ? 7000 Duluth, MN
8 Subarctic 7000 < HDD18 °C Fairbanks, AK
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Data ExtractionData Extraction

• Using the data from the output files from the models I extracted the following 
data

– Fan Operating hours – The fans are constant volume fans and run during 
the occupied period and cycle during the occupied period.  The thermostats 
have unoccupied setback in in heating and setup in cooling

– Cooling Operating hours – For this study I did not include any airside 
economizers.  The cooling runs at part load most of the time so what I did is 
take the actual part load capacity as a function of peak capacity and then 
added them together which is an equivalent full load operating hour metric

– Heating Operating hours – The gas heat also operates at reduced 
capacity either thru multiple stages or cycle and I determine the part load 
capacity as a function of full load capacity and then summed them together 
which is a full load operating hour metric.

� For example if a unit has a peak load capacity of 100,000 Btu/hr and for 
a given hour satisfies a heating load of 30,000 Btu/hr then this would be 
a full load equivalent hour of .3 hrs (30K/100K)
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Typically Small Office Load ProfileTypically Small Office Load Profile
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Small Office Model MetricsSmall Office Model Metrics

Peak 
Cooling

Peak 
Heating

Heat Cool 
Ratio

Fan Hours Full Load 
Gas hrs

Supply 
cfm

Tons Btu/hr - hrs hrs CFM
1a Miami 8.41 35306 0.350 3282 8.58 2943
1b Riyadh 7.62 32043 0.350 3493 19.26 2668
2a Houston 7.42 56969 0.640 3278 118.11 2596
2b Phoenix 7.38 51484 0.581 3361 69.80 2583
3a Memphis 8.31 64633 0.648 3277 131.48 2909
3b El Paso 6.58 55013 0.697 3277 82.12 2301
3c San Francisco 5.67 51061 0.750 3278 103.68 1984
4a Baltimore 7.92 68760 0.723 3351 273.57 2774
4b Albuquerque 6.34 59293 0.779 3282 161.01 2220
4c Salem 6.05 60820 0.838 3276 231.28 2116
5a Chicago 7.58 76929 0.846 3449 378.80 2653
5b Boise 5.82 68538 0.981 3286 257.21 2038
5c Vancouver 4.60 58676 1.063 3276 295.68 1609
6a Burlington 6.62 77640 0.978 3621 517.73 2316
6b Helena 5.02 75376 1.250 3489 426.17 1758
7 Duluth 6.38 86015 1.123 3942 707.95 2234
8 Fairbanks 4.45 103079 1.929 3968 929.38 1559

Benchmark City

Building Modeling Results
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Typical Medium Office Load ProfilesTypical Medium Office Load Profiles
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Medium Office MetricsMedium Office Metrics

Peak 
Cooling

Peak 
Heating

Heat Cool 
Ratio

Fan Hours Full Load 
Gas hrs

Supply 
cfm

Tons Btu/hr - hrs hrs CFM
1a Miami 90.03 291003 0.269 5471 74 31510
1b Riyadh 82.60 356789 0.360 6191 174 28909
2a Houston 88.12 613395 0.580 5415 292 30843
2b Phoenix 85.56 532843 0.519 5878 268 29947
3a Memphis 89.51 644545 0.600 5416 331 31329
3b El Paso 73.46 476147 0.540 5420 248 25712
3c San Francisco 62.49 559469 0.746 5086 388 21872
4a Baltimore 85.81 748389 0.727 5604 531 30034
4b Albuquerque 72.93 599159 0.685 5604 390 25525
4c Salem 67.72 628560 0.773 5252 555 23703
5a Chicago 82.51 789416 0.797 5835 706 28878
5b Boise 69.19 678824 0.818 5739 597 24218
5c Vancouver 54.56 586801 0.896 5367 658 19098
6a Burlinton 72.65 812576 0.932 5937 870 25428
6b Helena 62.60 831259 1.107 5793 719 21910
7 Duluth 74.29 933079 1.047 6356 1,001 26002
8 Fairbanks 54.48 1097810 1.679 6521 1,287 19070

Benchmark City

Building Modeling Results
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Standalone Retail Load ProfilesStandalone Retail Load Profiles
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Standalone Retail Building MetricsStandalone Retail Building Metrics

Peak 
Cooling

Peak 
Heating

Heat Cool 
Ratio

Fan Hours Full Load 
Gas hrs

Supply 
cfm

Tons Btu/hr - hrs hrs CFM
1a Miami 70.68 441378 0.520 5,279 15.85 24740
1b Riyadh 62.94 400235 0.530 5,840 58.89 22028
2a Houston 71.09 826093 0.968 5,461 192.54 24880
2b Phoenix 64.98 645164 0.827 5,664 137.90 22742
3a Memphis 69.94 717228 0.855 5,403 276.11 24479
3b El Paso 50.69 620635 1.020 5,291 170.06 17742
3c San Francisco 39.05 516803 1.103 5,287 239.23 13667
4a Baltimore 68.64 814005 0.988 5,685 486.65 24023
4b Albuquerque 46.02 648095 1.174 5,479 340.66 16107
4c Salem 43.97 709369 1.345 5,415 460.76 15388
5a Chicago 61.05 947030 1.293 5,981 608.08 21367
5b Boise 45.41 801170 1.470 5,658 508.34 15893
5c Vancouver 33.39 640739 1.599 5,465 595.48 11687
6a Burlington 58.95 1015247 1.435 6,095 733.95 20631
6b Helena 40.42 1038405 2.141 5,902 576.76 14147
7 Duluth 52.86 1160999 1.830 6,433 851.10 18502
8 Fairbanks 33.22 1301685 3.266 6,551 1,176.39 11626

Benchmark City

Building Modeling Results
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Strip Mall Load ProfilesStrip Mall Load Profiles
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Strip Mall Building MetricsStrip Mall Building Metrics

Peak 
Cooling

Peak 
Heating

Heat Cool 
Ratio

Fan Hours Full Load 
Gas hrs

Supply 
cfm

Tons Btu/hr - hrs hrs CFM
1a Miami 16.68 54806 0.274 5,945 14.27 5839
1b Riyadh 13.36 47227 0.295 5,953 33.37 4677
2a Houston 16.93 137689 0.678 6,025 214.52 5925
2b Phoenix 14.25 95166 0.557 5,983 128.69 4988
3a Memphis 17.02 153150 0.750 6,070 337.78 5956
3b El Paso 11.41 105636 0.771 6,032 193.80 3994
3c San Francisco 10.57 82993 0.654 6,051 274.97 3700
4a Baltimore 15.92 170282 0.891 6,159 625.83 5573
4b Albuquerque 10.33 112148 0.905 6,110 456.04 3616
4c Salem 10.18 137897 1.129 6,111 614.18 3561
5a Chicago 14.97 206234 1.148 6,319 798.65 5238
5b Boise 11.02 161689 1.223 6,178 660.55 3857
5c Vancouver 7.34 124267 1.410 6,119 842.54 2570
6a Burlington 13.71 215933 1.312 6,459 1,020.06 4799
6b Helena 9.53 209862 1.836 6,329 793.69 3334
7 Duluth 12.37 241465 1.627 6,735 1,257.02 4329
8 Fairbanks 7.58 308574 3.393 6,759 1,486.49 2653

Benchmark City

Building Modeling Results
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Energy and Cost AnalysisEnergy and Cost Analysis

• Using the fan operating hours I first calculate the incremental fan power 
resulting from the increased static pressure drop of the high efficiency heat 
exchanger

• I made the following assumptions
– Used a 50% fan system efficiency (fan and drive)

– Used a 86.5% motor efficiency as per ASHRAE 90.1-2007 requirements

– I used .0939 $/kw electric cost.  This is the ASHRAE standard work electric 
cost

– I assumed the gas efficiency would increase from 80% to 92%

– I used 1.22 $/therm (100,000 Btu/hr) gas cost

– I used a rough cost increase of 4.5 $/1000 Btu/hr full load output rate
– I used the ASHRAE 90.1 economic scalar justification limit of 8.5 which is 

based on a 15 year product design life
– I used 350 cfm/ton airflow rate

– I ran the analysis for .5, .25 and .1 incremental static pressure drop
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ASHRAE 90.1 Scalar RequirementASHRAE 90.1 Scalar Requirement

• Essential what the Scalar Ratio is, is a 
modified version of the present worth 
factor that takes into account the 
commercial tax credits and fuel 
escalation clauses that are not in a 
conventional present worth factor 
calculation

• There are separate SR values for heat 
and cooling, but for simplicity they 
have combined them into one common 
Scalar Ratio 

• For Mechanical systems the SR ratio 
can be defined as

• SR > Delta First Cost/(Heating Energy 
Cost + Cooling Energy Cost)

• This ignores maintenance and end of 
life cost recovery but is the basic 
scalar ratio calculation

No. Input Economic Variables - Linked Heating Cooling
1 Economic Life - Years (1 to 50 yrs) 15 15
2 Down Payment - $ 0.00 0.00
3 Fuel Escalation Rate - % 3.7 3.7
4 Discount Rate - % 7.0 7.0
5 Loan Interest Rate - % 7.0 7.0
6 Federal Tax Rate - % 34.0 34.0
7 State Tax Rate - % 5.0 5.0
8 Combined State, Fed. Tax Rate - % 37.3 37.3
9 Heating - Gas Price - $/Mbtu 12.22 12.2200
10 Cooling - Electric Price - $/kWh 0.0939

Scalars Heating Cooling
11 First Cost Scalar - S2 0.835 0.835
12 Htg & Clg Scalars - Sh & Sc 7.387 7.387
13 Scalar Ratio - SR 8.846 8.846

Light yellow are user input variables
Light blue are calculated values

Input Variables for Scalar Ratio Calculations
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Small Office Results Small Office Results –– 0.50 static0.50 static
Rough Cost Analysis

Peak 
Cooling

Peak 
Heating 
(Output)

Heat Cool 
Ratio

Fan Hours Full Load 
Gas hrs

Supply 
cfm

Increment
al Motor 
Power

Electric 
Cost

Annual Inc 
Fan 

Power

Gas 
Saving

Gas Cost Annual 
Cost

Total 
Energy 
Savings

Increment
al Cost

Payback 

Tons Btu/hr - hrs hrs CFM kw $/kw $ therms $/therm $ $ $ yrs
1a Miami 8.41 35306 0.350 3282 8.58 2943 0.399 0.094 123.07 0.494 1.22 0.60 -122.47 158.88 -1.30
1b Riyadh 7.62 32043 0.350 3493 19.26 2668 0.362 0.094 118.72 1.006 1.22 1.23 -117.49 144.19 -1.23
2a Houston 7.42 56969 0.640 3278 118.11 2596 0.352 0.094 108.41 10.970 1.22 13.38 -95.03 256.36 -2.70
2b Phoenix 7.38 51484 0.581 3361 69.80 2583 0.350 0.094 110.61 5.859 1.22 7.15 -103.46 231.68 -2.24
3a Memphis 8.31 64633 0.648 3277 131.48 2909 0.395 0.094 121.47 13.855 1.22 16.90 -104.57 290.85 -2.78
3b El Paso 6.58 55013 0.697 3277 82.12 2301 0.312 0.094 96.09 7.366 1.22 8.99 -87.10 247.56 -2.84
3c San Francisco 5.67 51061 0.750 3278 103.68 1984 0.269 0.094 82.88 8.631 1.22 10.53 -72.35 229.78 -3.18
4a Baltimore 7.92 68760 0.723 3351 273.57 2774 0.376 0.094 118.43 30.670 1.22 37.42 -81.01 309.42 -3.82
4b Albuquerque 6.34 59293 0.779 3282 161.01 2220 0.301 0.094 92.81 15.566 1.22 18.99 -73.82 266.82 -3.61
4c Salem 6.05 60820 0.838 3276 231.28 2116 0.287 0.094 88.31 22.935 1.22 27.98 -60.33 273.69 -4.54
5a Chicago 7.58 76929 0.846 3449 378.80 2653 0.360 0.094 116.58 47.512 1.22 57.96 -58.61 346.18 -5.91
5b Boise 5.82 68538 0.981 3286 257.21 2038 0.277 0.094 85.32 28.743 1.22 35.07 -50.25 308.42 -6.14
5c Vancouver 4.60 58676 1.063 3276 295.68 1609 0.218 0.094 67.17 28.287 1.22 34.51 -32.66 264.04 -8.09
6a Burlington 6.62 77640 0.978 3621 517.73 2316 0.314 0.094 106.87 65.538 1.22 79.96 -26.92 349.38 -12.98
6b Helena 5.02 75376 1.250 3489 426.17 1758 0.239 0.094 78.16 52.375 1.22 63.90 -14.26 339.19 -23.78
7 Duluth 6.38 86015 1.123 3942 707.95 2234 0.303 0.094 112.18 99.285 1.22 121.13 8.94 387.07 43.28
8 Fairbanks 4.45 103079 1.929 3968 929.38 1559 0.212 0.094 78.81 156.195 1.22 190.56 111.75 463.85 4.15

Benchmark City

Building Modeling Results Cost Analysis for High Efficiency Furnace
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Small Office Results Small Office Results –– 0.25 static 0.25 static 
Rough Cost Analysis

Peak 
Cooling

Peak 
Heating

Heat Cool 
Ratio

Fan Hours Full Load 
Gas hrs

Supply 
cfm

Increment
al Motor 
Power

Electric 
Cost

Annual Inc 
Fan 

Power

Gas 
Saving

Gas Cost Annual 
Cost

Total 
Energy 
Savings

Increment
al Cost

Payback 

Tons Btu/hr - hrs hrs CFM kw $/kw $ therms $/therm $ $ $ yrs
1a Miami 8.41 35306 0.350 3282 8.58 2943 0.200 0.094 61.54 0.494 1.22 0.60 -60.93 158.88 -2.61
1b Riyadh 7.62 32043 0.350 3493 19.26 2668 0.181 0.094 59.36 1.006 1.22 1.23 -58.13 144.19 -2.48
2a Houston 7.42 56969 0.640 3278 118.11 2596 0.176 0.094 54.20 10.970 1.22 13.38 -40.82 256.36 -6.28
2b Phoenix 7.38 51484 0.581 3361 69.80 2583 0.175 0.094 55.30 5.859 1.22 7.15 -48.16 231.68 -4.81
3a Memphis 8.31 64633 0.648 3277 131.48 2909 0.197 0.094 60.74 13.855 1.22 16.90 -43.83 290.85 -6.64
3b El Paso 6.58 55013 0.697 3277 82.12 2301 0.156 0.094 48.05 7.366 1.22 8.99 -39.06 247.56 -6.34
3c San Francisco 5.67 51061 0.750 3278 103.68 1984 0.135 0.094 41.44 8.631 1.22 10.53 -30.91 229.78 -7.43
4a Baltimore 7.92 68760 0.723 3351 273.57 2774 0.188 0.094 59.21 30.670 1.22 37.42 -21.80 309.42 -14.20
4b Albuquerque 6.34 59293 0.779 3282 161.01 2220 0.151 0.094 46.41 15.566 1.22 18.99 -27.42 266.82 -9.73
4c Salem 6.05 60820 0.838 3276 231.28 2116 0.144 0.094 44.16 22.935 1.22 27.98 -16.18 273.69 -16.92
5a Chicago 7.58 76929 0.846 3449 378.80 2653 0.180 0.094 58.29 47.512 1.22 57.96 -0.32 346.18 -1070.69
5b Boise 5.82 68538 0.981 3286 257.21 2038 0.138 0.094 42.66 28.743 1.22 35.07 -7.59 308.42 -40.63
5c Vancouver 4.60 58676 1.063 3276 295.68 1609 0.109 0.094 33.58 28.287 1.22 34.51 0.93 264.04 285.11
6a Burlington 6.62 77640 0.978 3621 517.73 2316 0.157 0.094 53.44 65.538 1.22 79.96 26.52 349.38 13.17
6b Helena 5.02 75376 1.250 3489 426.17 1758 0.119 0.094 39.08 52.375 1.22 63.90 24.82 339.19 13.67
7 Duluth 6.38 86015 1.123 3942 707.95 2234 0.152 0.094 56.09 99.285 1.22 121.13 65.04 387.07 5.95
8 Fairbanks 4.45 103079 1.929 3968 929.38 1559 0.106 0.094 39.40 156.195 1.22 190.56 151.16 463.85 3.07

Benchmark City

Building Modeling Results Cost Analysis for High Efficiency Furnace
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Small Office Results Small Office Results –– 0.10 static0.10 static

Rough Cost Analysis
Peak 

Cooling
Peak 

Heating
Heat Cool 

Ratio
Fan Hours Full Load 

Gas hrs
Supply 

cfm
Increment
al Motor 
Power

Electric 
Cost

Annual Inc 
Fan 

Power

Gas 
Saving

Gas Cost Annual 
Cost

Total 
Energy 
Savings

Increment
al Cost

Payback 

Tons Btu/hr - hrs hrs CFM kw $/kw $ therms $/therm $ $ $ yrs
1a Miami 7.62 35306 0.350 3282 8.58 2943 0.080 0.094 24.61 0.494 1.22 0.60 -24.01 158.88 -6.62
1b Riyadh 7.42 32043 0.350 3493 19.26 2668 0.072 0.094 23.74 1.006 1.22 1.23 -22.52 144.19 -6.40
2a Houston 7.38 56969 0.640 3278 118.11 2596 0.070 0.094 21.68 10.970 1.22 13.38 -8.30 256.36 -30.89
2b Phoenix 8.31 51484 0.581 3361 69.80 2583 0.070 0.094 22.12 5.859 1.22 7.15 -14.97 231.68 -15.47
3a Memphis 6.58 64633 0.648 3277 131.48 2909 0.079 0.094 24.29 13.855 1.22 16.90 -7.39 290.85 -39.35
3b El Paso 5.67 55013 0.697 3277 82.12 2301 0.062 0.094 19.22 7.366 1.22 8.99 -10.23 247.56 -24.20
3c San Francisco 7.92 51061 0.750 3278 103.68 1984 0.054 0.094 16.58 8.631 1.22 10.53 -6.05 229.78 -38.00
4a Baltimore 6.34 68760 0.723 3351 273.57 2774 0.075 0.094 23.69 30.670 1.22 37.42 13.73 309.42 22.53
4b Albuquerque 6.05 59293 0.779 3282 161.01 2220 0.060 0.094 18.56 15.566 1.22 18.99 0.43 266.82 623.73
4c Salem 7.58 60820 0.838 3276 231.28 2116 0.057 0.094 17.66 22.935 1.22 27.98 10.32 273.69 26.53
5a Chicago 5.82 76929 0.846 3449 378.80 2653 0.072 0.094 23.32 47.512 1.22 57.96 34.65 346.18 9.99
5b Boise 4.60 68538 0.981 3286 257.21 2038 0.055 0.094 17.06 28.743 1.22 35.07 18.00 308.42 17.13
5c Vancouver 6.62 58676 1.063 3276 295.68 1609 0.044 0.094 13.43 28.287 1.22 34.51 21.08 264.04 12.53
6a Burlington 5.02 77640 0.978 3621 517.73 2316 0.063 0.094 21.37 65.538 1.22 79.96 58.58 349.38 5.96
6b Helena 6.38 75376 1.250 3489 426.17 1758 0.048 0.094 15.63 52.375 1.22 63.90 48.27 339.19 7.03
7 Duluth 4.45 86015 1.123 3942 707.95 2234 0.061 0.094 22.44 99.285 1.22 121.13 98.69 387.07 3.92
8 Fairbanks 0.00 103079 1.929 3968 929.38 1559 0.042 0.094 15.76 156.195 1.22 190.56 174.80 463.85 2.65

Building Modeling Results Cost Analysis for High Efficiency Furnace

Benchmark City
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Medium Office Results Medium Office Results -- 0.50 Static0.50 Static

Rough Cost Analysis
Peak 

Cooling
Peak 

Heating
Heat Cool 

Ratio
Fan Hours Full Load 

Gas hrs
Supply 

cfm
Incremental 

Motor 
Power

Electric 
Cost

Annual Inc 
Fan 

Power

Gas 
Saving

Annual 
Cost

Total 
Energy 
Savings

Increment
al Cost

Payback 

Tons Btu/hr - hrs hrs CFM kw $/kw $ therms $ $ $ yrs
1a Miami 90.03 291003 0.269 5471 74 31510 4.276 0.094 2196.44 35.1 42.85 -2153.59 1309.51 -0.61
1b Riyadh 82.60 356789 0.360 6191 174 28909 3.923 0.094 2280.30 101.5 123.78 -2156.52 1605.55 -0.74
2a Houston 88.12 613395 0.580 5415 292 30843 4.185 0.094 2127.97 292.3 356.62 -1771.35 2760.28 -1.56
2b Phoenix 85.56 532843 0.519 5878 268 29947 4.063 0.094 2242.78 233.0 284.28 -1958.49 2397.80 -1.22
3a Memphis 89.51 644545 0.600 5416 331 31329 4.251 0.094 2161.84 347.6 424.11 -1737.73 2900.45 -1.67
3b El Paso 73.46 476147 0.540 5420 248 25712 3.489 0.094 1775.60 192.1 234.42 -1541.19 2142.66 -1.39
3c San Francisco 62.49 559469 0.746 5086 388 21872 2.968 0.094 1417.34 354.2 432.10 -985.24 2517.61 -2.56
4a Baltimore 85.81 748389 0.727 5604 531 30034 4.075 0.094 2144.43 647.8 790.29 -1354.14 3367.75 -2.49
4b Albuquerque 72.93 599159 0.685 5604 390 25525 3.463 0.094 1822.51 381.3 465.18 -1357.33 2696.21 -1.99
4c Salem 67.72 628560 0.773 5252 555 23703 3.216 0.094 1586.08 568.7 693.77 -892.31 2828.52 -3.17
5a Chicago 82.51 789416 0.797 5835 706 28878 3.918 0.094 2146.88 908.4 1108.27 -1038.61 3552.37 -3.42
5b Boise 69.19 678824 0.818 5739 597 24218 3.286 0.094 1770.81 661.1 806.56 -964.26 3054.71 -3.17
5c Vancouver 54.56 586801 0.896 5367 658 19098 2.591 0.094 1305.91 629.2 767.64 -538.27 2640.60 -4.91
6a Burlinton 72.65 812576 0.932 5937 870 25428 3.450 0.094 1923.47 1152.4 1405.87 -517.59 3656.59 -7.06
6b Helena 62.60 831259 1.107 5793 719 21910 2.973 0.094 1617.12 973.8 1188.08 -429.04 3740.67 -8.72
7 Duluth 74.29 933079 1.047 6356 1,001 26002 3.528 0.094 2105.71 1522.9 1857.95 -247.76 4198.85 -16.95
8 Fairbanks 54.48 1097810 1.679 6521 1,287 19070 2.588 0.094 1584.39 2302.9 2809.57 1225.17 4940.14 4.03

Benchmark City

Building Modeling Results Cost Analysis for High Efficiency Furnace
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Medium Office Results Medium Office Results -- 0.25 Static0.25 Static
Rough Cost Analysis

Peak 
Cooling

Peak 
Heating

Heat Cool 
Ratio

Fan Hours Full Load 
Gas hrs

Supply 
cfm

Incremental 
Motor 
Power

Electric 
Cost

Annual Inc 
Fan 

Power

Gas 
Saving

Annual 
Cost

Total 
Energy 
Savings

Increment
al Cost

Payback 

Tons Btu/hr - hrs hrs CFM kw $/kw $ therms $ $ $ yrs
1a Miami 90.03 291003 0.269 5471 74 31510 2.138 0.094 1098.22 35.1 42.85 -1055.37 1309.51 -1.24
1b Riyadh 82.60 356789 0.360 6191 174 28909 1.961 0.094 1140.15 101.5 123.78 -1016.37 1605.55 -1.58
2a Houston 88.12 613395 0.580 5415 292 30843 2.093 0.094 1063.99 292.3 356.62 -707.37 2760.28 -3.90
2b Phoenix 85.56 532843 0.519 5878 268 29947 2.032 0.094 1121.39 233.0 284.28 -837.11 2397.80 -2.86
3a Memphis 89.51 644545 0.600 5416 331 31329 2.125 0.094 1080.92 347.6 424.11 -656.81 2900.45 -4.42
3b El Paso 73.46 476147 0.540 5420 248 25712 1.744 0.094 887.80 192.1 234.42 -653.38 2142.66 -3.28
3c San Francisco 62.49 559469 0.746 5086 388 21872 1.484 0.094 708.67 354.2 432.10 -276.57 2517.61 -9.10
4a Baltimore 85.81 748389 0.727 5604 531 30034 2.038 0.094 1072.21 647.8 790.29 -281.92 3367.75 -11.95
4b Albuquerque 72.93 599159 0.685 5604 390 25525 1.732 0.094 911.26 381.3 465.18 -446.08 2696.21 -6.04
4c Salem 67.72 628560 0.773 5252 555 23703 1.608 0.094 793.04 568.7 693.77 -99.27 2828.52 -28.49
5a Chicago 82.51 789416 0.797 5835 706 28878 1.959 0.094 1073.44 908.4 1108.27 34.83 3552.37 101.99
5b Boise 69.19 678824 0.818 5739 597 24218 1.643 0.094 885.41 661.1 806.56 -78.85 3054.71 -38.74
5c Vancouver 54.56 586801 0.896 5367 658 19098 1.296 0.094 652.96 629.2 767.64 114.68 2640.60 23.03
6a Burlinton 72.65 812576 0.932 5937 870 25428 1.725 0.094 961.73 1152.4 1405.87 444.14 3656.59 8.23
6b Helena 62.60 831259 1.107 5793 719 21910 1.486 0.094 808.56 973.8 1188.08 379.52 3740.67 9.86
7 Duluth 74.29 933079 1.047 6356 1,001 26002 1.764 0.094 1052.85 1522.9 1857.95 805.10 4198.85 5.22
8 Fairbanks 54.48 1097810 1.679 6521 1,287 19070 1.294 0.094 792.20 2302.9 2809.57 2017.37 4940.14 2.45

Benchmark City

Building Modeling Results Cost Analysis for High Efficiency Furnace
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Medium Office Results Medium Office Results -- 0.10 Static0.10 Static
Rough Cost Analysis

Peak 
Cooling

Peak 
Heating

Heat Cool 
Ratio

Fan Hours Full Load 
Gas hrs

Supply 
cfm

Incremental 
Motor 
Power

Electric 
Cost

Annual Inc 
Fan 

Power

Gas 
Saving

Annual 
Cost

Total 
Energy 
Savings

Increment
al Cost

Payback 

Tons Btu/hr - hrs hrs CFM kw $/kw $ therms $ $ $ yrs
1a Miami 90.03 291003 0.269 5471 74 31510 0.855 0.094 439.29 35.1 42.85 -396.44 1309.51 -3.30
1b Riyadh 82.60 356789 0.360 6191 174 28909 0.785 0.094 456.06 101.5 123.78 -332.28 1605.55 -4.83
2a Houston 88.12 613395 0.580 5415 292 30843 0.837 0.094 425.59 292.3 356.62 -68.97 2760.28 -40.02
2b Phoenix 85.56 532843 0.519 5878 268 29947 0.813 0.094 448.56 233.0 284.28 -164.27 2397.80 -14.60
3a Memphis 89.51 644545 0.600 5416 331 31329 0.850 0.094 432.37 347.6 424.11 -8.26 2900.45 -351.07
3b El Paso 73.46 476147 0.540 5420 248 25712 0.698 0.094 355.12 192.1 234.42 -120.70 2142.66 -17.75
3c San Francisco 62.49 559469 0.746 5086 388 21872 0.594 0.094 283.47 354.2 432.10 148.63 2517.61 16.94
4a Baltimore 85.81 748389 0.727 5604 531 30034 0.815 0.094 428.89 647.8 790.29 361.41 3367.75 9.32
4b Albuquerque 72.93 599159 0.685 5604 390 25525 0.693 0.094 364.50 381.3 465.18 100.68 2696.21 26.78
4c Salem 67.72 628560 0.773 5252 555 23703 0.643 0.094 317.22 568.7 693.77 376.56 2828.52 7.51
5a Chicago 82.51 789416 0.797 5835 706 28878 0.784 0.094 429.38 908.4 1108.27 678.89 3552.37 5.23
5b Boise 69.19 678824 0.818 5739 597 24218 0.657 0.094 354.16 661.1 806.56 452.39 3054.71 6.75
5c Vancouver 54.56 586801 0.896 5367 658 19098 0.518 0.094 261.18 629.2 767.64 506.46 2640.60 5.21
6a Burlinton 72.65 812576 0.932 5937 870 25428 0.690 0.094 384.69 1152.4 1405.87 1021.18 3656.59 3.58
6b Helena 62.60 831259 1.107 5793 719 21910 0.595 0.094 323.42 973.8 1188.08 864.66 3740.67 4.33
7 Duluth 74.29 933079 1.047 6356 1,001 26002 0.706 0.094 421.14 1522.9 1857.95 1436.81 4198.85 2.92
8 Fairbanks 54.48 1097810 1.679 6521 1,287 19070 0.518 0.094 316.88 2302.9 2809.57 2492.69 4940.14 1.98

Benchmark City

Building Modeling Results Cost Analysis for High Efficiency Furnace
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Standalone Retail Results Standalone Retail Results –– 0.50 Static0.50 Static

Rough Cost Analysis
Peak 

Cooling
Peak 

Heating
Heat Cool 

Ratio
Fan Hours Full Load 

Gas hrs
Supply 

cfm
Motor Eff Increment

al Motor 
Power

Annual Inc 
Fan 

Power

Gas 
Saving

Annual 
Cost

Total 
Energy 
Savings

Increment
al Cost

Payback 

Tons Btu/hr - hrs hrs CFM % kw $ therms $ $ $ yrs
1a Miami 70.68 441378 0.520 5,279 15.85 24740 86.5% 3.357 1663.98 11.4 13.92 -1650.07 1986.20 -1.20
1b Riyadh 62.94 400235 0.530 5,840 58.89 22028 86.5% 2.989 1639.05 38.4 46.88 -1592.17 1801.06 -1.13
2a Houston 71.09 826093 0.968 5,461 192.54 24880 86.5% 3.376 1731.11 259.3 316.38 -1414.73 3717.42 -2.63
2b Phoenix 64.98 645164 0.827 5,664 137.90 22742 86.5% 3.086 1641.19 145.1 176.97 -1464.21 2903.24 -1.98
3a Memphis 69.94 717228 0.855 5,403 276.11 24479 86.5% 3.322 1685.14 322.9 393.91 -1291.23 3227.53 -2.50
3b El Paso 50.69 620635 1.020 5,291 170.06 17742 86.5% 2.407 1196.02 172.1 209.94 -986.08 2792.86 -2.83
3c San Francisco 39.05 516803 1.103 5,287 239.23 13667 86.5% 1.854 920.64 201.6 245.92 -674.71 2325.61 -3.45
4a Baltimore 68.64 814005 0.988 5,685 486.65 24023 86.5% 3.260 1740.06 645.9 787.96 -952.10 3663.02 -3.85
4b Albuquerque 46.02 648095 1.174 5,479 340.66 16107 86.5% 2.186 1124.39 360.0 439.16 -685.23 2916.43 -4.26
4c Salem 43.97 709369 1.345 5,415 460.76 15388 86.5% 2.088 1061.68 532.9 650.15 -411.53 3192.16 -7.76
5a Chicago 61.05 947030 1.293 5,981 608.08 21367 86.5% 2.899 1628.29 938.9 1145.49 -482.80 4261.63 -8.83
5b Boise 45.41 801170 1.470 5,658 508.34 15893 86.5% 2.156 1145.69 664.0 810.11 -335.57 3605.26 -10.74
5c Vancouver 33.39 640739 1.599 5,465 595.48 11687 86.5% 1.586 813.75 622.1 758.95 -54.80 2883.33 -52.62
6a Burlington 58.95 1015247 1.435 6,095 733.95 20631 86.5% 2.799 1602.15 1214.9 1482.18 -119.97 4568.61 -38.08
6b Helena 40.42 1038405 2.141 5,902 576.76 14147 86.5% 1.920 1063.80 976.5 1191.30 127.50 4672.82 36.65
7 Duluth 52.86 1160999 1.830 6,433 851.10 18502 86.5% 2.510 1516.48 1611.1 1965.51 449.02 5224.50 11.64
8 Fairbanks 33.22 1301685 3.266 6,551 1,176.39 11626 86.5% 1.578 970.38 2496.7 3045.93 2075.55 5857.58 2.82

Benchmark City

Building Modeling Results Cost Analysis for High Efficiency Furnace
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Standalone Retail Results Standalone Retail Results –– 0.25 Static0.25 Static
Rough Cost Analysis

Peak 
Cooling

Peak 
Heating

Heat Cool 
Ratio

Fan Hours Full Load 
Gas hrs

Supply 
cfm

Motor Eff Increment
al Motor 
Power

Annual Inc 
Fan 

Power

Gas 
Saving

Annual 
Cost

Total 
Energy 
Savings

Increment
al Cost

Payback 

Tons Btu/hr - hrs hrs CFM % kw $ therms $ $ $ yrs
1a Miami 70.68 441378 0.520 5279 15.85 24740 86.5% 1.678 831.99 11.4 13.92 -818.08 1986.20 -2.43
1b Riyadh 62.94 400235 0.530 5840 58.89 22028 86.5% 1.494 819.53 38.4 46.88 -772.64 1801.06 -2.33
2a Houston 71.09 826093 0.968 5461 192.54 24880 86.5% 1.688 865.56 259.3 316.38 -549.18 3717.42 -6.77
2b Phoenix 64.98 645164 0.827 5664 137.90 22742 86.5% 1.543 820.59 145.1 176.97 -643.62 2903.24 -4.51
3a Memphis 69.94 717228 0.855 5403 276.11 24479 86.5% 1.661 842.57 322.9 393.91 -448.66 3227.53 -7.19
3b El Paso 50.69 620635 1.020 5291 170.06 17742 86.5% 1.204 598.01 172.1 209.94 -388.07 2792.86 -7.20
3c San Francisco 39.05 516803 1.103 5287 239.23 13667 86.5% 0.927 460.32 201.6 245.92 -214.39 2325.61 -10.85
4a Baltimore 68.64 814005 0.988 5685 486.65 24023 86.5% 1.630 870.03 645.9 787.96 -82.07 3663.02 -44.63
4b Albuquerque 46.02 648095 1.174 5479 340.66 16107 86.5% 1.093 562.20 360.0 439.16 -123.04 2916.43 -23.70
4c Salem 43.97 709369 1.345 5415 460.76 15388 86.5% 1.044 530.84 532.9 650.15 119.31 3192.16 26.76
5a Chicago 61.05 947030 1.293 5981 608.08 21367 86.5% 1.450 814.14 938.9 1145.49 331.34 4261.63 12.86
5b Boise 45.41 801170 1.470 5658 508.34 15893 86.5% 1.078 572.84 664.0 810.11 237.27 3605.26 15.19
5c Vancouver 33.39 640739 1.599 5465 595.48 11687 86.5% 0.793 406.87 622.1 758.95 352.08 2883.33 8.19
6a Burlington 58.95 1015247 1.435 6095 733.95 20631 86.5% 1.400 801.07 1214.9 1482.18 681.10 4568.61 6.71
6b Helena 40.42 1038405 2.141 5902 576.76 14147 86.5% 0.960 531.90 976.5 1191.30 659.40 4672.82 7.09
7 Duluth 52.86 1160999 1.830 6433 851.10 18502 86.5% 1.255 758.24 1611.1 1965.51 1207.27 5224.50 4.33
8 Fairbanks 33.22 1301685 3.266 6551 1,176.39 11626 86.5% 0.789 485.19 2496.7 3045.93 2560.74 5857.58 2.29

Benchmark City

Building Modeling Results Cost Analysis for High Efficiency Furnace
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Standalone Retail Results Standalone Retail Results –– 0.10 Static0.10 Static
Rough Cost Analysis

Peak 
Cooling

Peak 
Heating

Heat Cool 
Ratio

Fan Hours Full Load 
Gas hrs

Supply 
cfm

Motor Eff Increment
al Motor 
Power

Annual Inc 
Fan 

Power

Gas 
Saving

Annual 
Cost

Total 
Energy 
Savings

Increment
al Cost

Payback 

Tons Btu/hr - hrs hrs CFM % kw $ therms $ $ $ yrs
1a Miami 70.68 441378 0.520 5279 15.85 24740 86.5% 0.671 332.80 11.4 13.92 -318.88 1986.20 -6.23
1b Riyadh 62.94 400235 0.530 5840 58.89 22028 86.5% 0.598 327.81 38.4 46.88 -280.93 1801.06 -6.41
2a Houston 71.09 826093 0.968 5461 192.54 24880 86.5% 0.675 346.22 259.3 316.38 -29.84 3717.42 -124.57
2b Phoenix 64.98 645164 0.827 5664 137.90 22742 86.5% 0.617 328.24 145.1 176.97 -151.26 2903.24 -19.19
3a Memphis 69.94 717228 0.855 5403 276.11 24479 86.5% 0.664 337.03 322.9 393.91 56.88 3227.53 56.74
3b El Paso 50.69 620635 1.020 5291 170.06 17742 86.5% 0.481 239.20 172.1 209.94 -29.26 2792.86 -95.45
3c San Francisco 39.05 516803 1.103 5287 239.23 13667 86.5% 0.371 184.13 201.6 245.92 61.80 2325.61 37.63
4a Baltimore 68.64 814005 0.988 5685 486.65 24023 86.5% 0.652 348.01 645.9 787.96 439.95 3663.02 8.33
4b Albuquerque 46.02 648095 1.174 5479 340.66 16107 86.5% 0.437 224.88 360.0 439.16 214.28 2916.43 13.61
4c Salem 43.97 709369 1.345 5415 460.76 15388 86.5% 0.418 212.34 532.9 650.15 437.81 3192.16 7.29
5a Chicago 61.05 947030 1.293 5981 608.08 21367 86.5% 0.580 325.66 938.9 1145.49 819.83 4261.63 5.20
5b Boise 45.41 801170 1.470 5658 508.34 15893 86.5% 0.431 229.14 664.0 810.11 580.98 3605.26 6.21
5c Vancouver 33.39 640739 1.599 5465 595.48 11687 86.5% 0.317 162.75 622.1 758.95 596.20 2883.33 4.84
6a Burlington 58.95 1015247 1.435 6095 733.95 20631 86.5% 0.560 320.43 1214.9 1482.18 1161.75 4568.61 3.93
6b Helena 40.42 1038405 2.141 5902 576.76 14147 86.5% 0.384 212.76 976.5 1191.30 978.54 4672.82 4.78
7 Duluth 52.86 1160999 1.830 6433 851.10 18502 86.5% 0.502 303.30 1611.1 1965.51 1662.21 5224.50 3.14
8 Fairbanks 33.22 1301685 3.266 6551 1,176.39 11626 86.5% 0.316 194.08 2496.7 3045.93 2851.85 5857.58 2.05

Benchmark City

Building Modeling Results Cost Analysis for High Efficiency Furnace
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Strip Mall Results Strip Mall Results –– 0.50 Static0.50 Static
Rough Cost Analysis

Peak 
Cooling

Peak 
Heating

Heat Cool 
Ratio

Fan Hours Full Load 
Gas hrs

Supply 
cfm

Increment
al Motor 
Power

Electric 
Cost

Annual Inc 
Fan 

Power

Gas 
Saving

Annual 
Cost

Total 
Energy 
Savings

Increment
al Cost

Payback 

Tons Btu/hr - hrs hrs CFM kw $/kw $ therms $ $ $ yrs
1a Miami 16.68 54806 0.274 5,945 14.27 5839 0.792 0.094 442.25 1.3 1.56 -440.69 246.63 -0.56
1b Riyadh 13.36 47227 0.295 5,953 33.37 4677 0.635 0.094 354.71 2.6 3.13 -351.57 212.52 -0.60
2a Houston 16.93 137689 0.678 6,025 214.52 5925 0.804 0.094 454.80 48.2 58.75 -396.05 619.60 -1.56
2b Phoenix 14.25 95166 0.557 5,983 128.69 4988 0.677 0.094 380.21 20.0 24.36 -355.85 428.25 -1.20
3a Memphis 17.02 153150 0.750 6,070 337.78 5956 0.808 0.094 460.66 84.3 102.90 -357.76 689.18 -1.93
3b El Paso 11.41 105636 0.771 6,032 193.80 3994 0.542 0.094 306.94 33.4 40.72 -266.21 475.36 -1.79
3c San Francisco 10.57 82993 0.654 6,051 274.97 3700 0.502 0.094 285.28 37.2 45.39 -239.89 373.47 -1.56
4a Baltimore 15.92 170282 0.891 6,159 625.83 5573 0.756 0.094 437.32 173.8 211.98 -225.34 766.27 -3.40
4b Albuquerque 10.33 112148 0.905 6,110 456.04 3616 0.491 0.094 281.52 83.4 101.73 -179.79 504.67 -2.81
4c Salem 10.18 137897 1.129 6,111 614.18 3561 0.483 0.094 277.30 138.1 168.47 -108.83 620.54 -5.70
5a Chicago 14.97 206234 1.148 6,319 798.65 5238 0.711 0.094 421.73 268.5 327.63 -94.11 928.05 -9.86
5b Boise 11.02 161689 1.223 6,178 660.55 3857 0.523 0.094 303.56 174.1 212.45 -91.12 727.60 -7.99
5c Vancouver 7.34 124267 1.410 6,119 842.54 2570 0.349 0.094 200.38 170.7 208.26 7.88 559.20 70.96
6a Burlington 13.71 215933 1.312 6,459 1,020.06 4799 0.651 0.094 394.89 359.1 438.14 43.25 971.70 22.47
6b Helena 9.53 209862 1.836 6,329 793.69 3334 0.452 0.094 268.83 271.6 331.32 62.49 944.38 15.11
7 Duluth 12.37 241465 1.627 6,735 1,257.02 4329 0.587 0.094 371.50 494.9 603.75 232.25 1086.59 4.68
8 Fairbanks 7.58 308574 3.393 6,759 1,486.49 2653 0.360 0.094 228.43 747.9 912.40 683.96 1388.58 2.03

Benchmark City

Building Modeling Results Cost Analysis for High Efficiency Furnace
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Strip Mall Results Strip Mall Results –– 0.25 Static0.25 Static

Rough Cost Analysis
Peak 

Cooling
Peak 

Heating
Heat Cool 

Ratio
Fan Hours Full Load 

Gas hrs
Supply 

cfm
Increment
al Motor 
Power

Electric 
Cost

Annual Inc 
Fan 

Power

Gas 
Saving

Annual 
Cost

Total 
Energy 
Savings

Increment
al Cost

Payback 

Tons Btu/hr - hrs hrs CFM kw $/kw $ therms $ $ $ yrs
1a Miami 16.68 54806 0.274 5945 14.27 5839 0.396 0.094 221.13 1.3 1.56 -219.57 246.63 -1.12
1b Riyadh 13.36 47227 0.295 5953 33.37 4677 0.317 0.094 177.35 2.6 3.13 -174.22 212.52 -1.22
2a Houston 16.93 137689 0.678 6025 214.52 5925 0.402 0.094 227.40 48.2 58.75 -168.65 619.60 -3.67
2b Phoenix 14.25 95166 0.557 5983 128.69 4988 0.338 0.094 190.10 20.0 24.36 -165.74 428.25 -2.58
3a Memphis 17.02 153150 0.750 6070 337.78 5956 0.404 0.094 230.33 84.3 102.90 -127.43 689.18 -5.41
3b El Paso 11.41 105636 0.771 6032 193.80 3994 0.271 0.094 153.47 33.4 40.72 -112.75 475.36 -4.22
3c San Francisco 10.57 82993 0.654 6051 274.97 3700 0.251 0.094 142.64 37.2 45.39 -97.25 373.47 -3.84
4a Baltimore 15.92 170282 0.891 6159 625.83 5573 0.378 0.094 218.66 173.8 211.98 -6.68 766.27 -114.71
4b Albuquerque 10.33 112148 0.905 6110 456.04 3616 0.245 0.094 140.76 83.4 101.73 -39.03 504.67 -12.93
4c Salem 10.18 137897 1.129 6111 614.18 3561 0.242 0.094 138.65 138.1 168.47 29.82 620.54 20.81
5a Chicago 14.97 206234 1.148 6319 798.65 5238 0.355 0.094 210.87 268.5 327.63 116.76 928.05 7.95
5b Boise 11.02 161689 1.223 6178 660.55 3857 0.262 0.094 151.78 174.1 212.45 60.67 727.60 11.99
5c Vancouver 7.34 124267 1.410 6119 842.54 2570 0.174 0.094 100.19 170.7 208.26 108.07 559.20 5.17
6a Burlinton 13.71 215933 1.312 6459 1,020.06 4799 0.326 0.094 197.45 359.1 438.14 240.69 971.70 4.04
6b Helena 9.53 209862 1.836 6329 793.69 3334 0.226 0.094 134.41 271.6 331.32 196.91 944.38 4.80
7 Duluth 12.37 241465 1.627 6735 1,257.02 4329 0.294 0.094 185.75 494.9 603.75 418.00 1086.59 2.60
8 Fairbanks 7.58 308574 3.393 6759 1,486.49 2653 0.180 0.094 114.22 747.9 912.40 798.18 1388.58 1.74

Benchmark City

Building Modeling Results Cost Analysis for High Efficiency Furnace
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Strip Mall Results Strip Mall Results –– 0.10 Static0.10 Static
Rough Cost Analysis

Peak 
Cooling

Peak 
Heating

Heat Cool 
Ratio

Fan Hours Full Load 
Gas hrs

Supply 
cfm

Increment
al Motor 
Power

Electric 
Cost

Annual Inc 
Fan 

Power

Gas 
Saving

Annual 
Cost

Total 
Energy 
Savings

Increment
al Cost

Payback 

Tons Btu/hr - hrs hrs CFM kw $/kw $ therms $ $ $ yrs
1a Miami 16.68 54806 0.274 5945 14.27 5839 0.158 0.094 88.45 1.3 1.56 -86.89 246.63 -2.84
1b Riyadh 13.36 47227 0.295 5953 33.37 4677 0.127 0.094 70.94 2.6 3.13 -67.81 212.52 -3.13
2a Houston 16.93 137689 0.678 6025 214.52 5925 0.161 0.094 90.96 48.2 58.75 -32.21 619.60 -19.24
2b Phoenix 14.25 95166 0.557 5983 128.69 4988 0.135 0.094 76.04 20.0 24.36 -51.68 428.25 -8.29
3a Memphis 17.02 153150 0.750 6070 337.78 5956 0.162 0.094 92.13 84.3 102.90 10.77 689.18 64.01
3b El Paso 11.41 105636 0.771 6032 193.80 3994 0.108 0.094 61.39 33.4 40.72 -20.67 475.36 -23.00
3c San Francisco 10.57 82993 0.654 6051 274.97 3700 0.100 0.094 57.06 37.2 45.39 -11.66 373.47 -32.02
4a Baltimore 15.92 170282 0.891 6159 625.83 5573 0.151 0.094 87.46 173.8 211.98 124.52 766.27 6.15
4b Albuquerque 10.33 112148 0.905 6110 456.04 3616 0.098 0.094 56.30 83.4 101.73 45.43 504.67 11.11
4c Salem 10.18 137897 1.129 6111 614.18 3561 0.097 0.094 55.46 138.1 168.47 113.01 620.54 5.49
5a Chicago 14.97 206234 1.148 6319 798.65 5238 0.142 0.094 84.35 268.5 327.63 243.28 928.05 3.81
5b Boise 11.02 161689 1.223 6178 660.55 3857 0.105 0.094 60.71 174.1 212.45 151.74 727.60 4.80
5c Vancouver 7.34 124267 1.410 6119 842.54 2570 0.070 0.094 40.08 170.7 208.26 168.19 559.20 3.32
6a Burlinton 13.71 215933 1.312 6459 1,020.06 4799 0.130 0.094 78.98 359.1 438.14 359.16 971.70 2.71
6b Helena 9.53 209862 1.836 6329 793.69 3334 0.090 0.094 53.77 271.6 331.32 277.56 944.38 3.40
7 Duluth 12.37 241465 1.627 6735 1,257.02 4329 0.117 0.094 74.30 494.9 603.75 529.45 1086.59 2.05
8 Fairbanks 7.58 308574 3.393 6759 1,486.49 2653 0.072 0.094 45.69 747.9 912.40 866.71 1388.58 1.60

Benchmark City

Building Modeling Results Cost Analysis for High Efficiency Furnace
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Other Comments and ConsiderationsOther Comments and Considerations

• In general as ASHRAE 90.1 continues to improve the envelop we are seeing 
the heating requirements in buildings decrease as well as the changeover 
temperature move towards lower ambient

• There is a new ASHRAE addendum proposal that significantly increases the 
insulation in buildings which will reduce the heating loads and changeover 
temperatures

• On the other hand plug loads are increasing as more electronics are being used 
in buildings which also reduces heat loads
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ConclusionsConclusions

• Indoor fans run significantly longer hours than the cooling and gas heat due to 
ventilation requirements

• Cooling and gas heat spend considerable time at reduced load either at low fire 
rates or cycling so the equivalent full load hours is much less than the fan 
operational hours

• Even with very low incremental static pressures only the very cold climates 
result in an energy savings and if this was made a requirement for CEE Tiers it 
would have to be a regional requirement

• A rough estimate of the incremental costs show that even when there are some 
small savings the payback periods are very long and well above what typical 
customers are willing to pay.

• In warmer climates it will be unlikely that the high efficiency condensing 
furnaces can every be justified

• There are considerable technical problems beyond the economic justification 
and the economics are not supportive of the high technical development costs 
that would be required

• Updated analysis is not far off the original preliminary estimates that we did 
back in 2007
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Questions and Discussion
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DOE Benchmark Building Data ComparisonDOE Benchmark Building Data Comparison

Heat/Cool 
Ratio Tons Difference Btu/hr

Heat Cool 
Ratio Difference

Full Load 
hr Therms Difference

Heating 
Hours Kosar Lord

kw Tons kw Btu/hr - Mjoules Therms
Miami 39.77 11.31788 19.1 65226.5 0.480 380 3.601691 8.41 0.74 35306 0.35 0.728 8.58 3.029255 1.1319 490 0.01 0.02
Houston 40.76 11.59962 23.28 79501.2 0.571 2784 26.38713 7.42 0.64 56969 0.64 1.120 9.56 5.446236 0.3227 956 0.03 0.01
Phoenix 45.05 12.82048 23.82 81345.3 0.529 16370 155.1571 7.38 0.58 51484 0.58 1.099 69.8 35.93583 0.4024 1047 0.18 0.07
Atlanta 35.08 9.983183 22.53 76939.95 0.642 40050 379.5993 8.31 0.83 64633 0.65 1.009 131.48 84.97947 0.2689 1169 0.42 0.11
Los Angeles 29.27 8.329754 16.92 57781.8 0.578 4230 40.09251  
Los Vegas 38.21 10.87393 21.69 74071.35 0.568 19520 185.0132  
San Francisco 26.57 7.561379 16.95 57884.25 0.638 28540 270.5059 5.67 0.75 51061 0.75 1.176 103.68 52.94004 0.2610 1371 0.34 0.08
Batlimore 34.89 9.929113 23.96 81823.4 0.687 88400 837.867 7.92 0.80 68760 0.72 1.054 273.57 188.1067 0.2815 1658 0.62 0.17
Albuquerque 34.56 9.8352 20.05 68470.75 0.580 51350 486.7022 6.34 0.64 59293 0.78 1.343 161.01 95.46766 0.3043 1323 0.54 0.12
Seattle 26.32 7.490233 19.18 65499.7 0.729 79720 755.5968  
Chicago 37.53 10.68041 27.77 94834.55 0.740 131000 1241.636 7.58 0.71 76929 0.85 1.143 378.8 291.4071 0.3307 1945 0.67 0.19
Boulder 35.96 10.23362 23.12 78954.8 0.643 85380 809.2431   
Minneapolas 37.63 10.70887 29.74 101562.1 0.790 181860 1723.693  
Helena 37.78 10.75156 27.23 92990.45 0.721 143330 1358.501 5.002 0.47 75376 1.26 1.742 426.17 321.2299 0.5083 2262 0.65 0.19
Duluth 34.83 9.912038 29.42 100469.3 0.845 232550 2204.14 6.38 0.64 86015 1.12 1.330 707.95 608.9432 0.4292 2751 0.80 0.26
Fairbanks 41.07 11.68784 37.63 128506.5 0.916 415020 3933.615 4.5 0.39 103079 1.91 2.083 929.38 957.9956 0.6325 2954 1.04 0.31

City
Equipment Size

Annual Data Heating Load

Lord Data

Full Load Capacity Full Load Heating Annual Gas Use

Equipment Load
Kosar Data

Annual Data Cooling Heating
Equipment Size

HeatingCooling

Comments
• Buildings have different size equipment, but buildings are the same size so I suspect that there either is 

significantly lower envelop insulation levels or a significantly higher outside air requirement 
• Heat to cool ratios seem to be equal
• The load for gas fire rates appear to be significant higher for NREL and PNNL data and does not make 

sense for typical building load profiles 
• Not clear as to what night time reset is being used
• I have talked to Bing Lu and Dave Winiarski and they are checking into the models
• I know in some of the models that we developed for ASHRAE analysis that we started with the DOE 

models, but found some errors.
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Chicago Load ProfileChicago Load Profile

Average Load Profile (Lord)

NREL and PNNL Profile



Model EvaluationModel Evaluation

• I have already started discussions with the modeling teams for the DOE models 
and for the ASHRAE models

• They plan to run a comparison of the models to see if there are some obvious 
differences.

• Some of the things they want to check

– Outside air volume flow rates

– Envelope specifications
– Infiltration requirements

– Operating hours (They do believe the DOE model assumed full operation 
on Saturday where the ASHRAE model did not)

– Setback and setup temperature as well as room temperature set points
– Equipment sizing
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