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Learning Objectives

Å Describe general trends when comparing different residential 

heating systems and how they compare in terms of first costs, 

operating costs, carbon emissions, and paybacks

Å Describe how carbon emissions differ from various heating 

systems, fueled by different sources of energy, in various 

locations in the U.S.

Å Compare and contrast trade-offs involved in specifying high 

efficiency HVAC equipment for residential projects in terms of 

payback periods

Å Describe where certain types of HVAC system may be most 

appropriate to specify based on multiple factors



LATER ON: Energy efficiency became more important

Energy

NOW: Green Matters.  Homes and mechanical systems are 

increasingly rated for energy and carbon emissions.

Carbon

Home Heating: Then and Now

THEN: Central, reliable heat was the goal

Images: www.thepeoplehistory.com & treehugger.com 

http://www.thepeoplehistory.com/


For households:

ÅAverage heating outlay 

is $600-$1200 annually

ÅHeating costs represent 

about  ~31% of 

household energy costs 

nationally, and closer to 

40% in areas like the 

Midwest and Northeast

Whatôs at Stake?  

Why do residential heating systems matter?

How We Use Energy in Our Homes

Source: 2007 Buildings Energy Data Book, 

Table 4.2.1., 2005 energy cost data



Whatôs at Stake with Residential Heating? (cont.)
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Whatôs at Stake with Residential Heating? (cont.)

At the national level:

Å 113 million existing 

housing units

Å Residential buildings 

are responsible for 

22% of the nationôs 

total energy use each 

year; 

Å Residential buildings 

generate 21% of the 

nationôs carbon 

emissions



A Unique R&D Study to Find Some Answersé

ÅA comprehensive, 

objective analysis 

of propane-based 

and competing 

residential heating 

systems across a 

variety of climates 

and locations.

Å http://www.buildwithpropane.com/?page=r

esearchandinsights



Background: Heating Systems Analyzed in the Study

Furnaces

Å Standard Efficiency Propane

Å High Efficiency Propane

Å Standard Efficiency Fuel Oil

Å High Efficiency Fuel Oil

Å 78 AFUE w/ 13 SEER A/C

Å 95 AFUE w/ 13 SEER A/C

Å 95 AFUE w/ 13 SEER A/C

Å 95 AFUE w/ 13 SEER A/C

Boilers

Å High Efficiency Propane with Forced-Air (water/air heat HX)

Å High Efficiency Fuel Oil Hydronic w/ Forced-air (water/air HX)

Å Standard Efficiency Propane Hydronic with Baseboard 

Radiant

Å High Efficiency Propane Hydronic with In-Floor Radiant

Å High Efficiency Fuel Oil Hydronic with In-Floor Radiant

Å 95 AFUE w/ 13 SEER A/C

Å 86 AFUE w/ 13 SEER A/C

Å 80 AFUE w/ 13 SEER A/C

Å 95 AFUE w/ 13 SEER A/C

Å 86 AFUE w/ 13 SEER A/C

GSHPs Å GSHP Closed Loop System with Electric Resistance Back-up Å EER=14.1; COP=3.3

ASHPs

Å Standard Efficiency ASHP with Electric Resistance Back-up

Å High Efficiency ASHP with Electric Resistance Back-up

Å Standard Efficiency ASHP w/ High Efficiency Propane 

Furnace Back-up

Å High Efficiency ASHP with High Efficiency Propane Furnace 

Back-up

Å 13 SEER; HSPF 7.7

Å 15 SEER; HSPF 8.5

Å 13 SEER; HSPF 7.7; 95 

AFUE

Å 15 SEER; HSPF 8.5; 95 

AFUE

Heating Systems and Efficiency Ratings
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Background: Locations Where Heating Systems were 

Analyzed 

Portland, OR

Boise, ID

Las Vegas, NV

Duluth, MN

Des Moines, 

IA

Madison, WI

Columbia, MO

Burlington, VT

Buffalo, NY

Baltimore, MD

Montgomery, AL

Nashville, TN

Peoria, IL

Mansfield, OH

Grand 

Rapids, MI

Indianapolis, IN

Climate Zone Map from U.S. Department of Energy website

http://www1.eere.energy.gov/buildings/residential/climate_zones.html


Background: House Prototypes for New & Existing

 

Building Characteristic Existing Home Prototype New Home Prototype 

Above-Grade Square footage 1,660 SF 2,434 SF 

Number of stories 1 
1 or 2, depending on 

location 

Foundation Type 

Slab, crawlspace, and 
basement, depending on 
location 

Slab, crawlspace, and 
basement, depending on 
location 

Window Area 
15% of above-grade gross 
wall area 

15% of above-grade gross 
wall area 

Attic R-Value 
R-7 up to R-22, depending 
on location 

R-30 up to R-49, 
depending on location 

Wall R-Value R-9 
R-13 to R-21, depending 
on location 

Based on data from:

U.S. Energy Information Administrationôs (EIA) Residential Energy Consumption Survey (RECS)

U.S. Department of Energyôs Building America Program  U.S. Census Bureau

2006 International Energy Conservation Code (IECC)



Background: Carbon Emissions & Emissions Factors

Å CO2 emissions depend on the amount of energy used, the type of 

energy used to power a heating system 

Å The emissions analysis in the study accounted for different fuels, and 

also for electricity which comes from different types of sources

Carbon Emissions by Fuels Used to Generate Electricity

Fuels Used to Generate 

Electricity
Proportions of Resulting 

CO2 Emissions
Source: ñGreenhouse Gases, Climate Change, and Energy,ò US EIA, May 2008.



Source: ñGreenhouse Gases, Climate Change, and Energy,ò US EIA, May 2008.

Background: Carbon Emissions by Electricity and Other 

Sources



Background: Estimating the First Costs of Systems

Cost Estimates for New Homes

ïHeating and cooling unit (e.g., furnace w/ central A/C, heat pump) 

ÅEquipment cost

ÅInstallation cost

ïDistribution system materials (e.g. ducts, piping)

ÅMaterial costs (e.g. ducts)

ÅInstallation costs

ï Loop field for Ground Source Heat Pump (GSHP) systems

ÅMaterials & installation for drilling, pump and tubing costs

Cost Estimates for Existing Homes

ïHeating unit (assumed that cooling unit was not being replaced)

ÅEquipment + installation costs

ï Loop field for GSHP system

ÅMaterials & installation for drilling, pump and tubing costs

The cost of an 

A/C system was 

added to 

furnaces and 

boilers to treat 

heat pumps fairly



Background: Average First Costs for New Homes

System* 
Average 

First Costs  

A ï Standard efficiency propane forced-air furnace w/ 13 SEER A/C $8,848 

B - High efficiency propane forced-air furnace w/ 13 SEER A/C $9,108 

C - High efficiency propane boiler with forced-air (water/air HX) w/ 13 SEER A/C $14,769 

D - Standard eff. propane boiler system with baseboard radiation w/ 13 SEER A/C $14,165 

E - High efficiency propane boiler system with in-floor radiant heat w/ 13 SEER A/C $23,877 

F ï Standard efficiency fuel oil forced-air furnace w/ 13 SEER A/C $8,985 

G - High efficiency fuel oil forced-air furnace w/ 13 SEER A/C $11,245 

H - High efficiency fuel oil boiler with forced-air (water/air HX) w/ 13 SEER A/C $12,065 

I - High efficiency fuel oil boiler system with in-floor radiant heat w/ 13 SEER A/C $20,189 

J - GSHP closed loop system with electric resistance back-up $22,378 

K - Standard efficiency ASHP with electric resistance back-up $9,482 

L - High efficiency ASHP with electric resistance back-up $10,337 

M - Standard efficiency ASHP with high efficiency propane furnace back-up $10,573 

N - High efficiency ASHP with high efficiency propane furnace back-up $11,428 

 



Background: Average First Costs for Existing Homes

System

Average 

First Costs 

of System

A ïStandard efficiency propane forced-air furnace $882

B - High efficiency propane forced-air furnace $1,156

C - High efficiency propane boiler with forced-air (water/air HX) $4,336

D - Standard eff. propane boiler system with baseboard radiation $2,504

E - High efficiency propane boiler system with in-floor radiant heat $4,336

F ïStandard efficiency fuel oil forced-air furnace $2,100

G - High efficiency fuel oil forced-air furnace $4,389

H - High efficiency fuel oil boiler with forced-air (water/air HX) $2,605

I - High efficiency fuel oil boiler system with in-floor radiant heat $2,605

J - GSHP closed loop system with electric resistance back-up $24,067

K - Standard efficiency ASHP with electric resistance back-up $4,822

L - High efficiency ASHP with electric resistance back-up $5,892

M - Standard efficiency ASHP with high efficiency propane furnace back-up $5,978

N - High efficiency ASHP with high efficiency propane furnace back-up $7,048



Background: Determining which Energy Rates to Use

City State 
Residential 

Propane Price 
($/gal) 

Residential 
Heating Oil Price 

($/gal) 

Residential 
Electricity Price 

($/kWh) 

Burlington VT 3.02 3.61 0.15 

Baltimore   MD 2.92 N/A 0.14 

Buffalo NY 2.75 3.54 0.19 

Des Moines IA 1.87 N/A 0.10 

Peoria  IL 2.15 N/A 0.11 

Indianapolis IN  2.31 N/A 0.09 

Grand Rapids MI 2.30 N/A 0.11 

Duluth MN 2.04 N/A 0.10 

Columbia MO 2.04 N/A 0.08 

Mansfield OH 2.44 N/A 0.10 

Nashville TN 2.15 N/A 0.09 

Madison WI 2.13 N/A 0.12 

Montgomery  AL 2.54 N/A 0.10 

Boise ID 2.30 N/A 0.07 

Las Vegas NV 2.57 N/A 0.12 

Portland OR 2.57 N/A 0.09 

Average  $2.38 $3.58 $0.11 

 



Results

Å Operating costs

Å Simple paybacks

Å Emissions 

* Performance can vary greatly and is 

dependant on several factors


