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Abstract
The purpose of this project was to develop a simple, robust version of the heat pump calculator
developed by ME145 students in 2015 for the Concord’s Comprehensive Sustainable Energy Committee.
The calculator helps individual homeowners understand whether or not a conversion to an air sourced
heat pump system for heating and cooling makes sense for them. Key outputs of the calculator include
economic attractiveness and carbon footprint improvements. This report captures the methodology and
assumptions used to develop this calculator.

Acronyms and Abbreviations
ASHP

Air Sourced Heat Pump

BTU

British Thermal Units

CSEC

Comprehensive Sustainable Energy Committee

CO2

Carbon Dioxide

COP

Coefficient of Performance

GSHP

Ground Source Heat Pump

HSPF

Heating Seasonal Performance Factor

Kg

Kilograms

Km

Kilometers

kWh

Kilowatt hours

MA

Massachusetts

SEER

Seasonal Energy Efficiency Ratio

VBA

Visual Basic for Applications

Background
Heat Pump Operation and Types
A heat pump is a device that transfers heat from a source outside of a building to the inside of the
building, or vice versa. It uses a vapor compression refrigerant system that consists of a compressor,
evaporator, condenser, and expansion value to absorb heat at one place and release it at another. It can
be used in two different operating modes, either to heat or cool the conditioned space. The operation of
a heat pump in the heating configuration is shown in Figure 1.

Figure 1: Schematic of the operation of a heat pump [1]
There are a variety of different types of heat pumps that operate under this thermodynamic cycle.
Ground source heat pumps (GSHPs) use the ground as an outdoor heat source or sink. The installation of
GSHPs is relatively complex and expensive because it generally requires drilling deep wells. Air source
heat pumps (ASHPs) use the outdoor air as the outdoor heat source or sink. ASHPs are more common in
residential applications compared to GSHPs. The focus of this project is the use of ASHP since they are
less expensive and easier to install than GSHPs.

Coefficient of Performance (COP)
The term coefficient of performance (COP) is used to describe the ratio of useful heat movement per
work input for a heat pump. An air source heat pump is more efficient in hotter climates than cooler
ones because it has a smaller temperature difference to make up. Therefore in higher temperatures, it
has a higher COP. In extreme cold temperatures with a wider temperature difference, the COP is lower.
COP data is typically specified by the heat pump manufacturer at several temperatures in the product
documentation.

Concord’s Comprehensive Sustainable Energy Committee (CSEC)
The CSEC is located in Concord, MA. The purpose of the committee is to assist the town in identifying,
designing and implementing programs and projects that foster energy conservation, energy efficiency
and renewable energy generation in the town and community. One of their efforts addresses reduction
of ‘greenhouse gas’ emissions and related pollutants [2].

Heat Pump Calculator
Purpose of Calculator
The purpose of this project was to design a calculator for the CSEC that can be used by homeowners to
estimate the benefits of a new heat pump installation relative to an existing heating system. The
calculator was designed to quantify these benefits in terms of carbon footprint and economic
attractiveness. The results of the calculator should give a homeowner a general idea of the savings they
could achieve from installing an ASHP. Although heat pumps can provide both heating and cooling
power, heating is generally of greater concern in the northeastern United States. Therefore, the focus of
this project was to consider the impact of a heat pump installation during the heating season.

Previous Calculator
A heat pump calculator was designed by a different group of ME 145 students in spring 2015 for the
CSEC with an identical project goal [3]. The advantages and disadvantages of this calculator were
considered before specifying the design of the new calculator as shown in Table 1.
Table 1: Advantages and disadvantages of previous heat pump calculator designed for the CSEC




Advantages
Estimates the thermal resistance of the
home
Provides an in-depth cost comparison of
heating systems
Uses detailed temperature and heat pump
efficiency data to provide accurate results






Disadvantages
Requires homeowners to input
information from past heating fuel bills
The complexity of the Excel spreadsheet
may confuse users that are not familiar
with heat pumps and energy project
analysis
The level of complexity in the
calculations may be unnecessary for this
application

As shown above, the previous calculator provided in-depth calculations and detailed analysis of a
possible heat pump installation. Although the results from the calculator would be informative to
someone well-versed in building energy use and heat pump technology, they could be confusing to an
average homeowner who is just beginning to consider the option of installing a heat pump. The new
calculator was designed to be very simple, yet able to provide informative, accurate results.

Assumptions
Heat Pumps
The heat pump is to be used in residential homes as a supplement to an existing heating system. The
existing heating system could be used to provide backup heating capacity on cold days when additional
heat is needed. Four heat pump models with the following characteristics were chosen to be used with
the calculator and the brands and model numbers are shown in Table 2.
Characteristics:
 Single-Zone
 Ductless, Mini Split Heat Pump
 Size: 12,000 BTU/hour
Table 2: Heat pump models and cost used with the calculator
Brand
Mitsubishi
Daikin
LG
Fujitsu

Outdoor
Unit Model
MUZ-FE12NA
RXS12LVJU
LAU120HYV1
AOU12RLS3

Indoor
Unit Model
MSZ-FE12NA
FTXS12LVJU
LAN120HYV1
ASU12RLS3

Total Cost of Outdoor and
Indoor Units
$1,854.99
$1,559.00
$1,398.95
$1,675.95

Installation
Cost
$3000
$3000
$3000
$3000

COP
The COP for each of the heat pumps was taken from NEEP [4]. The COPs retrieved from this website
were minimum at 5:F, average at 17:F and average at 47:F. This information was plotted and linearized
to be used for calculating the COP in the calculator for different outdoor ambient temperatures as
shown in Figure 2.

Figure 2: Linearization of heat pump COP data
Input Power
The input power for each of the heat pumps was taken from NEEP [4]. The input power values that were
retrieved from the website were minimum at 5:F, average at 17:F and average at 47:F in kW units. This
was converted to BTU/hr. This information was plotted and a linearized line plot was used to
characterize the input power for the calculator as shown in Figure 3.

Figure 3: Linearization of heat pump input power rating
Location
Four different locations in Massachusetts were chosen for the calculator: Boston, Concord, Cape Cod
and Springfield. These locations were chosen because they are representative of a variety of
geographies, climates, and population centers in Massachusetts. Monthly average temperatures for the

four locations were obtained from the National Oceanic and Atmospheric Administration website [5]
from 1981 to 2010. Last year’s project used daily weather data in the calculations. It is assumed that any
errors resulting from using monthly averages would be negligible.
Location
Used
Temperature
Data from

Boston, MA

Concord, MA

Cape Cod, MA

Springfield, MA

Boston Logan
Airport

Maynard

Hyannis

Westfield Barnes
Municipal Airport

Fuel Options
Natural gas and heating oil were selected as fuel options for the existing heating system because of their
prevalence in homes in the northeastern United States. Data for the efficiencies of natural gas and
heating oil fired furnaces and the energy densities of the fuels were obtained from the U.S. Department
of Energy website, and statistics for the carbon dioxide emissions from each furnace type were found on
the U.S. Energy Information Administration website [6, 7, 8]. The data is shown in
Fuel Type
Natural gas
Heating Oil

Emission
53.07 kg of CO2/
million BTU
78.79 kg of CO2/
million BTU

Energy per
Quantity

Average Efficiency
Assuming Furnace

10,000 BTU/Therms

0.82

133,000 BTU/gallon

0.8

Hummer H3 CO2 emissions conversion is 0.346 kg/km. This information is to help the user relate
kilograms of CO2 to a Hummer H3 driving a certain number of kilometers. Emission data for a Hummer
H3, which was used for comparison purposes, was obtained from the Europe’s Energy Portal website *9+
Electricity Emission
Electricity emission data was obtained from the U.S. Energy Information Administration website [10].
Type
Coal
Natural Gas
Renewable

Emissions (kg CO2/ million BTU)
93.421
53.0595
0

Duty Cycling Rate
The program assumes that the heat pump is on during the colder months of October to April. The user
can input whether they have the heat pump on for 20%, 50%, 75% or 100%.

Calculations
Inputs
The calculator requires nine user-defined inputs: location, current heating type, fuel cost ($/gal or
$/therm), anticipated increase in fuel cost (%/year), cost of electricity ($/kWh), anticipated increase in
electricity cost (%/year), electricity fuel mix, duty cycling rate (%), and interest rate (%). The calculator
uses this information and other built-in data to calculate outputs:
Variables
EHP = Electricity consumed by heat pump [BTU]
Me = emissions from electricity generation [kg CO2/BTU]
Mf = emissions from fuel use [kg CO2/BTU]
Pf = Fuel cost [$/therm or $/gallon]
Pe = Electricity cost [$/therm or $/gallon]
D = duty cycle rate
CHP(T) = rated input power for heat pump [BTU/h]
COP(T) = coefficient of performance
Fsaved = fuel saved per month [therms or gallons]
U = energy density [BTU/therm or BTU/gallon]
η = boiler efficiency
n = number of years
if = yearly increase in fuel cost
ie = yearly increase in electricity cost
i = interest rate
Heating Fuel Saved per Month

Carbon Emissions

Economic Attractiveness

Interface
The calculator was programmed into the Excel Visual Basic for Applications (VBA) programming
language. To launch the calculator, the user must first enable macros in their version of Microsoft Excel.
A screenshot of the calculator interface is shown below in Figure 4. The calculator allows the user to
select from list of options in a dropdown menu for every input besides fuel cost and electricity cost.
After clicking the “calculate” button, a message will appear on the screen indicating that the calculation
is complete. From there the user can exit out of the calculator and analyze the results on the Excel
spreadsheet.

Figure 4: Calculator interface in Microsoft Excel VBA with typical inputs

Results
The results are compiled on a single-page for the user. The display includes:







Display of Input
Fuel saved by month (table and chart)
Fuel saved over a year (chart)
NPV after 15 years
Years to break even
CO2 conserved (kg)  Equivalent distance (km) in Hummer H3

Figure 5 and Figure 6 show the results from the calculator for typical scenarios for an existing natural
gas furnace and heating oil furnace respectively.

Figure 5: Results for a typical natural gas furnace

Figure 6: Results for a typical existing heating oil furnace

Conclusion
The main goal of this calculator was to provide the homeowners of Concord with a prototype for a
simple and user-friendly heat pump calculator. Although the calculator submitted last year was
thorough and accurate, it was difficult for an average user to draw definitive conclusions from its results.
In order to properly use the calculator, the user was required to input a substantial amount of
information as well as have an initial understanding of heat pump systems and their implementation
into the household. The new version is intended to be a first step in gauging the use of installing a heat
pump system to supplement an existing heating system. The intuitive nature of the interface, single
page of inputs and simple results display means that anyone with knowledge of their current utilities
could use the calculator in an efficient manner.
Although the current version allows the average homeowner to explore the advantages and
disadvantages of a heat pump system with little outside research, it is limited to a narrow band of
homeowners. By assuming that the heat pump would only be used a supplementary source of heat,
users hoping to replace a substantial portion of their heating with heat pumps will find little use for the
calculator. To compensate for this, the next iteration should include several options that would allow
users to acquire a further understanding of the impact of heat pumps on their economic situation and
carbon footprint. Currently, the calculator is limited to the purchase of single-room, ductless systems.
Allowing users to select the scale and model of heat pump would provide more relevant and applicable
results. Similarly, including a criterion for the thermal resistance of a household would provide a more
accurate representation of the cost and consumption of the system. Using a value representing the total
fuel consumption over a year and applying the known external temperatures, the calculator could
determine a value for the resistance. From this point, any results could take into account the energy lost
through conduction and mass flow through the house.
When considering the use and success of the calculator, it is important to analyze the implications of the
results provided. The specific model installed has little impact on the results aside from an essentially
constant scaling factor since most COP curves are similar in magnitude and slope. From the sample
results, based on current average costs, the benefits of installing a heat pump depends on the
parameters of the existing heating system in place. If homeowners currently have an average heating oil
system, they can expect a lower economic gain than a user with a natural gas system. However, their
reductions in CO2 will be more important than those burning gas. As with many decisions regarding the
implementation of more efficient or economical systems in the household, users will have to make final
decisions based on their priorities regarding emissions and economic gains.
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Appendix
Heat Pumps Chosen For Calculator
Type: Ductless Mini-Split Heat Pump, Single-Zone
Size: 12,000 BTU/HR

Brand

Outdoor Unit
Model

Indoor Unit
Model

HSPF
(Region IV)

SEER

EER
(@95F)

Mitsubishi

MUZ-FE12NA

MSZ-FE12NA

10.5

23

12.9

Daikin

RXS12LVJU

FTXS12LVJU

12.5

23

12.8

LG

LAU120HYV1

LAN120HYV1

12

25.5

13.8

Fujitsu

AOU12RLS3

ASU12RLS3

14

29.3

15.2

Total Cost
$1,854.99
$1,559.00
$1,398.95
$1,675.95

