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Introduction
Life Cycle Climate Performance (LCCP) is a metric to estimate greenhouse gas (GHG) emissions
throughout the lifecycle of a refrigerant gas, including emissions from manufacturing and endof-life recycling. This tool was developed to measure the LCCP of Mobile Air Conditioning (MAC)
system refrigerant after the U.S. Environmental Protection Agency (EPA) started providing
incentives in the Greenhouse Gas Emissions Rule of 2009. The tool is an adaptation and
improvement of the Excel-based GREEN-MAC-LCCP (Global Refrigerants Energy &
Environmental-MAC-LCCP) with a focus on simplicity and ease-of-use.
This concept was first applied in the late 1990’s by Oak Ridge National Laboratory (ORNL) and
General Motors (GM) for the evaluation of alternative refrigerant options for R134a. ORNL
originally proposed a metric called Total Equivalent Warming Impact (TEWI) in 1997. This metric
can be used to estimate how a MAC system is contributing to global warming.
In 2017, Optimized Thermal Systems, Inc. (OTS) was contracted by the Society of Automotive
Engineers (SAE)1 to develop the next generation of the model originally developed at GM.
This document is designed to guide the user through the program and complete a successful
simulation.

1

SAE does not endorse or authorize the IMAC-GHG-LCCP software.
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Installation and Setup
1. Hardware & Software Requirements
The hardware requirements for the installation of this software are as follows:
•
•

Dual Core Intel/AMD Processor 2.0 GHz, 4GB RAM, 1GB Disk space
Monitor resolution of 1366 x 768 or higher

The software requirements for the installation of this software are as follows:
•
•

Microsoft Windows Operating System (Windows 7, 8.1, 10)
Microsoft Office 2007-2016

2. Installation
The LCCP package will be delivered as a .zip folder. To install and run the LCCP package it needs
to be unzipped and extracted into the desired folder.
Directions are as follows:
1. Download the .zip file in any desired folder from the email.
2. Extract the .zip file by right-clicking on the folder and selecting “Extract All” as shown in
Figure 1.

Figure 1. Extracting the package from the .zip file
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3. From the pop-up screen, extract the package into the desired path and folder as shown
in Figure 2.

Figure 2. Selecting the path and folder for the package to be extracted

4. Once the package is extracted in the desired folder, the application can be accessed from
it anytime the user wishes to run the program. Open the folder containing the tool, which
will have the same name as the .zip file, and double click the “LCCP2017” icon to run the
application as shown in Figures 3 and 4.

Figure 3. Opening the folder which contains the application
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Figure 4. Running the application

5. On opening the application, click “Enter” to start the simulation or click “About LCCP” to
learn more about it. A picture of the start-up screen is shown in Figure 5.

Figure 5. Starting the program

On selecting “Enter” the program will start, and the user will have to go through nine different
input screens before the simulation can be run. All previous screens are saved automatically
when the user moves onto the next screen. The simulation results are obtained as an Excel file
which opens automatically after simulations are run. The directions to open the results file at a
later stage can be obtained in the Viewing Results section or by clicking here.

5|Page

Input Screen Walkthrough
This section is a walkthrough for each of the input screens for the IMAC-GHG-LCCP simulation
tool. All screens have pre-defined data loaded in the input boxes. Instructions on how to load
pre-defined data to complete some input screens are provided in their respective sections.

1. System Selection
The program begins with the Systems Selection screen shown in Figure 6. The user can choose to
evaluate six unique systems simultaneously. There are four pre-defined refrigerants supported
along with a user-defined refrigerant option.
The available pre-defined refrigerants are:
I.
II.
III.
IV.

R-134a
R-1234yf
R-744
R-152a

The screen includes the following inputs:
I.
II.
III.
IV.

Project name
Number of systems
Name of all systems
Type of refrigerant to be compared with an option of a user defined refrigerant

The available refrigerants and the input boxes can be seen in Figure 6.
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Figure 6. Selecting the system

On this screen, the user can also load a project that was previously developed by following the
steps shown below:
1. Click on the “Load Project” button as seen in Figure 6 to open the folder that has all
previously saved projects. Select the required project that is required as shown in Figure
7.

Figure 7. Loading a project file
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2. Select the project that is to be worked on and let it load. The program will then refill all
input boxes with the project data. Figure 8 shows the completed screen after loading the
project. Once complete, the screen will show a message “Project loading complete”.

Figure 8. Loading of a previous project
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2. Refrigerant Data
The Refrigerant Data screen shows the refrigerant characteristics for each system. The
refrigerants come with pre-loaded data unless the user-defined refrigerant is selected.
Figure 9 shows the parameters that the user needs to provide if pre-defined refrigerants are
used. They are:
I. Option of adding a recycle for refrigerant during servicing. Default: Yes
II. J2727 Leakage rate (g/y)

Figure 9. Providing data for pre-defined refrigerant
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The user needs to define many more parameters if user-defined refrigerant is selected. They are
listed below, and an example can also be seen in Figure 10.
Data to be entered if using user defined refrigerant:
I.
II.
III.
IV.
V.
VI.
VII.
VIII.
IX.
X.
XI.

GWP (Global Warming Potential)
Formyl fluoride-HC(O)F
Carbonyl fluoride-C(O)F2
Trifluoroacetyl fluoride-CF3-C(O)F
CO2-Eq. emissions for virgin refrigerant (g)
CO2-Eq. emissions for recycled refrigerant (g)
CO2-Eq. fugitive emissions of gases from manufacture (g)
CO2-Eq. due to refrigerant leakage during transport (g)
CO2-Eq. due to fuel consumption during transport (g)
Refrigerant Recycling During Servicing (Y/N)
J2727 Leakage rate (g/y)

Figure 10. Providing data for a user-defined refrigerant
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3. Parameter Selection
The Parameter Selection screen allows the user to select cities for evaluation, select the vehicle
details, and modify the default vehicle servicing leakage rates. The city selection determines the
weather bin data used to estimate the vehicle emissions. Cities from all around the world are
available for comparison. The cities are categorized based on their region.
All vehicle data is pre-loaded, but the user can make modifications.
Data to be entered on this screen:
I. City Selection
II. Vehicle type
i. Large
ii. Mid-Size
iii. Small
iv. Truck
v. Dual-A/C
III. Pulley ratio
IV. Incremental Engine Efficiency (%)
V. Fuel type
i. Diesel
ii. Gasoline
iii. Ethanol
iv. Methanol
VI. Transmission type
i. 6 speed auto
VII. Leakage rates
i. Estimated loss before service is required (g)
ii. Leaks from professional service (g/service)
iii. Leaks from DIY service (g/service)
iv. %DIY service
The user has the option to choose the type of vehicle type for each system. Each system uses the
same refrigerant and the same vehicle in all selected cities to generate results.
Note: The leakage rates vary by region.
The procedure to complete this input screen is as follows:
1. Select the region that needs to be compared from the drop-down menu and select the
country and city as shown in Figure 11. To add the cities to the simulation, select all the
cities needed and click “Add Selected Cities”.
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Figure 11. Choosing cities for comparison

2. After selecting all cities in Step 1 and as shown in Figure 11, the screen will update to
show more input boxes to choose the type of vehicle and fuel for each system from dropdown menus. A representation of the completed screen can be seen in Figure 12.
3. Adjust all parameters for the vehicle type and leakage rates for all systems in use and
press “Next” to advance to the next screen.
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Figure 12. Choosing type of vehicle and assigning parameters

Similarly, some cities can be removed by selecting the cities that were added and clicking on
“Remove”. If the user desires to restart the selection of cities, the user can select the “Remove
All” option. The “Remove All” option gives an output such as that obtained in Figure 13.
The system and vehicle inputs are not cleared, but cities need to be selected again and vehicle
parameters can be assigned again as can be seen in Figure 13.
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Figure 13. Removing all selected cities
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4. Vehicle Usage Parameters
The Vehicle Usage Parameters screen allows the user to modify the assumed vehicle population
and vehicle usage details of each selected city. Each city has pre-loaded default values. The values
are applied for all systems. Figure 14 shows the input screen.
Input data:
I.
II.
III.
IV.
V.
VI.

Driving distance (km/year)
Driving time (s/year)
Vehicle Lifetime (years)
% Manual air conditioners
% Automatic air conditioners
A/C On time based on the ambient temperature (oC)

Figure 14. Setting vehicle usage parameters
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5. Component Mass Input
The Component Mass Input screen allows the user to load and modify the total mass and
distribution of the components and materials of the MAC system. All formulas are hard coded.
All components are set to be made of standard materials; the total percentage of materials for
each component must add to 100%. User-input is allowed, but a standard dataset is available
which can be loaded manually. Every system can have unique mass-component values.
Input data (in kg):
I.
II.
III.
IV.
V.
VI.
VII.
VIII.
IX.
X.
XI.

Refrigerant Charge
Lubricant
Compressor
Piping/Hoses
Sensors
Condenser
Receiver/Accumulator
Evaporator
Expansion Device
Chillers
Water Plumbing

The standard dataset can be loaded by following the steps below:
1. Click on the “Load Data” button on the screen to open the folder in which the component
data is stored as shown in Figure 15.

Figure 15. Loading the pre-defined data
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2. Select the file, “Component Mass Data” and click “Open” as shown in Figure 16. The data
will be filled in all sections automatically and the process is completed when the screen
shows “Input loading complete” at the bottom. A representation is shown in Figure 17.

Figure 16. Selecting standard dataset for component mass values

Figure 17. Assigning component mass values

17 | P a g e

6. Fan Power Input
The Fan Power Input screen allows the user to modify assumptions for the power consumption
of the cooling fan at a range of ambient temperatures and vehicle speeds. All systems come with
pre-loaded default values but can be modified as required. Each system can have its own values.
Input data is specified for the following ambient temperatures:
I.
II.
III.
IV.

15oC
25oC
35oC
45oC

Figure 18 shows the default values available for each ambient temperature.

Figure 18. Assigning power values for the fan based on ambient temperature
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7. A/C System Mechanism
The A/C System Question screen allows the user to specify whether the MAC system is belt-driven
or electrically driven. This determines what inputs are required for the Capacity and Power Input
screen.
Specify if the system will be:
I. Belt-driven
II. Electrically-driven
The same driving mechanism is used for all systems. Figure 19 shows the available options.

Figure 19. Choosing a mechanism
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8. Capacity / Power Input
The Capacity and Power Input screen asks the user to enter cooling capacity and power
consumption of the MAC system of a range of ambient conditions and compressor RPMs / vehicle
speeds. All input values are in kW. The data is entered based on the ambient temperature and
percentage of relative humidity.
The belt-driven mechanism uses compressor speed for calculations and the electrically-driven
mechanism uses vehicle speed. All speeds are to be measured at the following conditions:
Compressor speeds required for belt-driven mechanisms:
I.
II.
III.
IV.
V.

900 RPM [+15K]
900 RPM
1800 RPM
2500 RPM
4000 RPM

Vehicle speeds required for belt-driven mechanisms:
I.
II.
III.
IV.
V.

10 km/hr [+15K]
10 km/hr
30 km/hr
60 km/hr
100 km/hr

All data is calculated on the following temperature parameters:
I.
II.
III.
IV.
V.
VI.
VII.
VIII.

15oC x 80% RH [10oC control]
15oC x 80% RH [3oC control]
25oC x 80% RH [10oC control]
25oC x 80% RH [3oC control]
25oC x 50% RH [10oC control]
25oC x 50% RH [3oC control]
35oC
45oC

Figures 20 and 21 give a representation of capacity input screens for the belt-driven and the
electrically-driven mechanisms, and Figures 22 and 23 give a representation of power input
screens for the belt-driven and the electrically-driven mechanisms and highlight all the speeds
and temperature parameters mentioned above.
Default data is available and can be loaded from a file. Belt-driven and the electrically-driven
systems have different files and different values associated with them. User input and
modification is allowed, but the user needs to input values that correspond to the speeds and
temperature conditions mentioned above.
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The default data can be loaded by following the steps below:
1. Click on “Load Data” on the screen to open the folder in which the capacity/power data
is stored. Figures 20 and 21 show the capacity input screens for the belt-driven and the
electrically-driven mechanisms respectively. Figures 22 and 23 show the power input
screens for the belt-driven and the electrically-driven mechanisms respectively.

Figure 20. Capacity input screen for Belt-Driven mechanism

Figure 21. Capacity input screen for Electrically-Driven mechanism
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Figure 22. Power input screen for a Belt-Driven mechanism

Figure 23. Power input screen for an Electrically-Driven mechanism
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2. Select the file, “Belt Driven-Capacity and Power Data” for the belt-driven mechanism or
the “Electrically Driven-Capacity and Power Data” for the electrically-driven mechanism
and click “Open” to load the data as shown in Figure 24.
Note: The program opens the “Capacity Data” sub-folder in the “My LCCP Project” main
folder by default. User will have to navigate to their desired file/folder.

Figure 24. Selecting data for type of A/C mechanism

Figure 25 and Figure 26 show capacity data samples for belt-driven and electrically-driven
mechanisms respectively and Figure 27 and Figure 28 show power data samples for the belt
driven and electrically-driven mechanisms respectively.

Figure 25. Capacity data for a belt-driven A/C system
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Figure 26. Capacity data for an electrically-driven A/C system

Figure 27. Power data for a belt-driven A/C system
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Figure 28. Power data for an electrically-driven A/C system

There is also an option to check if the capacity and power data is being used as intended by
selecting the “Chart” option at the top left corner of the screen. The drop-down menu has an
option of “Capacity Chart” or a “COP Chart”. An illustration is shown in Figure 29. On selecting
any one of these options, a graphical representation of the capacity and power parameters is
shown.
Representations of the “Capacity Chart” is shown in Figure 30 and for the “COP Chart” is shown
in Figure 31.
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Figure 29. Viewing the Chart option

Figure 30. Representation of the Capacity Chart
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Figure 31. Representation of the COP charts
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9. Drive Cycle Input and Simulation Output
The Drive Cycle Input screen allows the user to see which drive cycle the software has
automatically selected for use based on the selected cities.
The drive cycles available for use are:
I.
II.
III.
IV.
V.
VI.

FTP
SC03
NEDC
India
JC08
AC17

The drive cycles are shown in Figure 32.

Figure 32. Selecting drive cycles

The default drive cycle for US cities are FTP and SC03. There is an option to use the AC17 drive
cycle for US-based cities. To use this cycle, click on the checkbox as shown in Figure 33. Choosing
this option automatically unchecks the FTP and SC03 drive cycles. The change in drive cycle
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selection can be seen in Figures 32 and 33. India, Europe and Japan have their own drive cycles
viz. India, NEDC and JC08 respectively. All African, Australian and South American countries are
assumed to be using NEDC.

Figure 33. Choosing AC17 drive cycle instead of the standard cycles for USA cities

The user has the option to upload a custom drive cycle. Two different user-defined cycles can be
compared.
To choose a user defined option: (Steps are shown for one user-defined data. A repeat of the
same steps can be used to fill the second user-defined data)
1. Check the “User-defined 1” button as seen in the red box in Figure 34.
2. Click on “Add/Remove Cities” as shown in Figure 34. From the pop-up screen, select the
cities that the driving cycle will be used on. After selecting the cities, click “Add Selected
Cities” and click “OK” to continue as shown in Figure 35.
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Figure 34. Choosing a User-Defined driving cycle

Figure 35. Choosing cities to be included in the driving cycle
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3. Select “Load User-Defined Data” to load the speeds (km/h) and Engine RPM data for the
user defined cycle as shown in Figure 36. Open the path in which the data is saved, select
the data and click “Open” to load it in the program. A representation of the file is shown
in Figure 37.
Note: The program opens the “Engine RPM” sub-folder in the “My LCCP Project” main
folder by default. User will have to navigate to their desired file/folder.

Figure 36. Loading User-defined data

Figure 37. Opening the file containing user-defined data
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4. Once the loading is complete, the screen will display a message saying “Drive cycle load
complete” as shown in Figure 38. The program inputs are complete, and calculations can
now be run by selecting the “Run Calculations” button as highlighted below.

Figure 38. Complete drive cycle screen
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The user can remove the selected cities in the user-defined section by clicking on “Add/Remove
Cities” as shown in Figure 34. From the pop-up screen, select the cities that need to be removed.
After selecting the cities, click “Remove All” and click “OK” to continue as shown in Figure 39. The
same steps can be followed for removing single cities as well.

Figure 39. Removing cities from user-defined selection

After selecting the appropriate driving cycle, and clicking run calculations, the results are
exported in an excel file which opens after the calculations run. A representation of the final
screen can be seen in Figure 40. Refer to the Viewing Results section to learn how to open the
output file at a later stage or be clicking here.
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Figure 40. Final screen showing successful calculation
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Viewing Results
The output file can be loaded at a later stage by following the steps shown below:
1. Open the folder in which the tool is saved and enter the folder “My LCCP Project” as
shown in Figure 41.

Figure 41. Accessing the results

2. Open the folder “Results” to access the folder in which all the results are saved as shown
in Figure 42.

Figure 42. Opening the folder containing all results

3. Find and open the excel-file that is desired. Figure 43 shows a sample file name.

Figure 43. Selecting the desired file
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The results sheet consists of six sheets, viz. Sheet 1, Chart 1, Chart 2, Chart 3, Weighted, Chart 4.
The contents of the sheets are briefly explained below:
I. A summary and comparison of all the systems that were used for evaluation across all cities
is available in Sheet 1. A sample of the sheet is shown in Figure 44.

Figure 44. Representation of the comparison sheet (Sheet 1)
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II. Chart 1 contains a bar graph marking the differences between the systems in terms of
lifetime CO2-eq emissions across all cities used for evaluation. A representation is shown in
Figure 45.

Figure 45. Graph of cumulative CO2 – equivalent emissions across all cities during the lifetime of the vehicle (Chart 1)
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III. Annual CO2-equivalent emissions for each system across all cities are available in Chart 2. A
representation is shown in Figure 46.

Figure 46. Graph of annual CO2 – equivalent emissions across all cities during the lifetime of the vehicle (Chart 2)
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IV. Chart 3 contains a bar graph comparison of CO2-equivalent emissions for each system per
kilometer, across all cities. A sample of the sheet is shown in Figure 47.

Figure 47. Graph of CO2 – equivalent emissions across all cities per kilometer during the lifetime of the vehicle (Chart 3)

V. The Weighted tab gives a comparison of the amount of CO2 emitted in all GREEN-MAC USA
cities across all systems. If GREEN-MAC USA cities weren’t selected for simulations, this
screen would be blank. Figure 48 shows a sample of a filled sheet.

Figure 48. Comparison of all GREEN-MAC USA cities
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VI. Chart 4 graphically compares all the systems for the GREEN-MAC USA cities with respect to
the amount of CO2-equivalent emissions per mile emitted. If GREEN-MAC USA cities weren’t
selected for simulations, this screen would be blank. Figure 49 shows a sample of a filled
sheet.

Figure 49. Graphical comparison of GREEN-MAC USA cities w.r.t emissions per mile
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