
Energies 2016, 9, 227; doi:10.3390/en9040227 S1 of S20 

Supplementary Material: A Methodology for 
Constructing Marginal Abatement Cost Curves for 
Climate Action in Cities 

Nadine Ibrahim and Christopher Kennedy 

Sensitivity Analysis 

Inherent in the construction of the MAC curves, and in the methodology for determining 

marginal abatement costs and abatement potentials are numerous assumptions and uncertainties.  

A sensitivity analysis is useful to offer a measure of the uncertainty, and is limited here to discount rate, 

being one of the main parameters driving cost-effectiveness calculations, as summarized in Table S1. 

Table S1. Sensitivity of the discount rate on the lowest and highest cost-effectiveness of the 

mitigation measures on the MAC curve. 

Parameter Impact on Lowest and Highest Cost-Effectiveness 

Discount rate  3% 4% 6% 7% 

Cost-Effectiveness ($/tCO2) 
1ow high low high low high low high 

−697 2052 −677 2222 −642 2,540 −626 2692 

(Baseline at 5%) Low −658 

(Baseline at 5%) High 2384 

% change 5.9 −13.9 2.9 −6.8 −2.4 6.5 −4.9 12.9 

As the discount rate decreases, mitigation measures offering financial savings appear to offer 

more savings, and measures that are not economically viable appear to be more attainable. The 

opposite is true as the discount rate increases, where mitigation measures offer financial savings, 

they appear to offer less, and costly measures appear less viable. 

It is worthwhile to note that sensitivity of the results to the discount rate does not change the 

prioritization of the mitigation measures but only makes them, as a whole package, more or less 

financially attractive. However, assessing the sensitivity to other measures of a financial nature 

including the price of electricity, natural gas, gasoline, and diesel would be worthwhile particularly 

that the reprioritizing of the mitigation measures analyzed may have useful policy implications to 

consider. However, the MAC curve model in its current form does not support reprioritization for 

changing input prices, but rather prices are held constant throughout the analysis. Likewise, 

sensitivity for the input data for capital costs of the mitigation measures and reference technology is 

not possible on a measure-by-measure basis. The baseline prices used in the MAC curve 

calculations are as follows: 

 electricity for residential application: 10.4 cents/kWh 

 electricity for commercial application: 12.2 cents/kWh 

 natural gas for residential application: 40.6 cents/m3  

 natural gas for commercial application: 30.7 cents/m3  

 gasoline: 128.5 cents/L 

 diesel: 124.8 cents/L 
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Table S2. Economic costs and GHG emission inputs of mitigation measures in the energy supply sector. 

No. Mitigation Measure 

Reference 

Technology 

Including 

Specifications 

Life 

(years) 

Capacity 

Utilization  
Economic Cost Inputs and Assumptions 

References for 

Economic Costs 

and Lifetime 

Emission Factor 

(gCO2e/kWh) 

References 

for Energy 

Savings 

0 
SCGT 

(Fossil Fuel) 

Baseline 

Technology 
20 

Capacity 

Utilization:  

7400 h (Max) 

$665 (2008)/kW (Capital) 

$16.0 (2008)/kW (Fixed O&M) 

$3.5 (2008)/MWh (Variable O&M) 

$8.9 USD(2010)/GJ (Average Fuel Price) 

[1,2] 
370 (Median 

direct emissions) 
[2] 

1 
Biogas 

(Biofuel) 
SCGT 20 

Capacity 

Utilization:  

7000 h (Max) 

$2096 (2008)/kW (Capital Cost) 

$231.0 (2008)/kW (Fixed O&M) 

$27.0 (2008)/MWh (Variable O&M) 

$6.3 USD(2010)/GJ (Average Fuel Price) 

[1,2] 0 [2] 

2 
Hydropower RR 

(Renewable) 
SCGT 50 

Capacity 

Utilization:  

7900 h (Max) 

$3570 (2008)/kW (Capital) 

$41.8 (2008)/kW (Fixed O&M) 

$0 (2008)/MWh (Variable O&M) 

[1] 0 [2] 

3 
Hydro DIS 

(Renewable) 
SCGT 50 

Capacity 

Utilization:  

7900 h (Max) 

$2550 (2008)/kW (Capital) 

$41.8 (2008)/kW (Fixed O&M) 

$0 (2008)/MWh (Variable O&M) 

[1] 0 [2] 

4 Nuclear SCGT 40 

Capacity 

Utilization:  

7400 h (Max) 

$2907 (2008)/kW (Capital) 

$108.1 (2008)/kW (Fixed O&M) 

$3.1 (2008)/MWh (Variable O&M) 

$0.805 USD(2010)/GJ (Average Fuel Price) 

[1,2] 0 [2] 

5 
Wind 

(Renewable) 
SCGT 20 

Capacity 

Utilization:  

3500 h(Max) 

$1938 (2008)/kW (Capital) 

$47.9 (2008)/kW (Fixed O&M) 

$0 (2008)/MWh (Variable O&M) 

[1] 0 [2] 

6 
Solar 

(Renewable) 
SCGT 20 

Capacity 

Utilization:  

2400 h (Max) 

$5712 (2008)/kW (Capital) 

$13.3 (2008)/kW (Fixed O&M) 

$0 (2008)/MWh (Variable O&M) 

[1] 0 [2] 

1. If not stated otherwise, costs are in Canadian Dollars; 2. 1USD = 1.2CDN; 3. SCGT = Simple Cycle Gas Turbine; RR = Regulating Reserves; DIS = Distributed.  
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Table S3. Cost-effectiveness and GHG abatement of mitigation measures in the energy supply sector. 

No. 
Mitigation 

Measure 

Cost-Effectiveness  

2012 ($/tCO2) 
GHG Abatement Assumptions 

References for 

Abatement 

Assumptions 

GHG Abatement 

Assumptions in 

2020 

GHG Abatement in 2020 

(tCO2) 

GHG Abatement 

Assumptions in 

2050 

GHG 

Abatement in 

2050 (tCO2) 

1 
Biogas 

(Biofuel) 
56.57 3% of Energy Supply in 2025 [3] 298,242 3% of Energy Supply in 2025 [3] 565,426 

2 
Hydropower RR  

(Renewable) 
69.65 14.5% of Energy Supply in 2025 [3] 1,441,502 14.5% of Energy Supply in 2025 [3] 2,732,892 

3 
Hydropower DIS 

(Renewable) 
60.09 14.5% of Energy Supply in 2025 [3] 1,441,502 14.5% of Energy Supply in 2025 [3] 2,732,892 

4 Nuclear 71.03 42% of Energy Supply in 2025 [3] 4,175,384 42% of Energy Supply in 2025 [3] 7,915,963 

5 
Wind 

(Renewable) 
190.58 11% of Energy Supply in 2025 [3] 1,093,553 11% of Energy Supply in 2025 [3] 2,073,228 

6 
Solar 

(Renewable) 
424.12 3% of Energy Supply in 2025 [3] 298,242 3% of Energy Supply in 2025 [3] 565,426 

Table S4. Economic costs and GHG emission inputs of mitigation measures in the building sector. 

No. Mitigation Measure Reference Technology Sub-sector 
Economic Cost Inputs and Assumptions 

of Mitigation Measure 

References for 

Economic 

Costs 

Economic Cost Inputs 

and Assumptions of 

Reference Technology 

References 

for Economic 

Costs 

1 
Photovoltaics 

(Residential) 
None. Existing Energy Supply Residential (Low-Rise) 

$11 (2008)/W (Mean Capital Cost) 

Power Capacity: 3.2 kW 

Negligible incremental O&M Costs 

Assumed building size: 190 m2 

Annual Energy Output/Savings: 4.2 MWh 

30 year lifetime 

[4,5] N/A N/A 

2 

Photovoltaics 

(Commercial-Small 

Business) 

None. Existing Energy Supply Commercial/Institutional 

$9.5 (2008)/W (Mean Capital Cost) 

Power Capacity: 18 kW 

Negligible incremental O&M Costs 

Assumed building size: 930 m2 

Annual Energy Output/Savings: 23 MWh 

30 year lifetime 

[4,5] N/A N/A 
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Table S4. Cont. 

No. 
Mitigation 

Measure 

Reference 

Technology 
Sub-sector 

Economic Cost Inputs and Assumptions 

of Mitigation Measure 

References for 

Economic Costs 

Economic Cost Inputs and Assumptions of 

Reference Technology 

References for 

Economic Costs 

3 

Photovoltaics 

(Commercial/ 

Institutional) 

None. Existing 

Energy Supply 

Commercial/ 

Institutional 

$9.5 (2008)/W (Mean Capital Cost) 

Power Capacity: 120 kW 

Negligible incremental O&M Costs 

Assumed building size: 1500 m2 

Annual Energy Output/Savings: 150 MWh 

30 year lifetime 

[4,5] N/A N/A 

4 

Solar Air Heater 

(Residential)  

NG Home 

Natural Gas 

Furnace 

Residential 

(Low-Rise) 

$370 (2008)/m2 (Mean Capital Cost) 

Collector Area: 4 m2 

Negligible incremental O&M Costs 

Assumed building size: 190 m2 

Offsets 80% of heating system 

35 year lifetime 

[4,6] 

$2750 (2015) (Capital and Installation Costs);  

80% AFUE Standard Efficiency;  

60,000 BTU Continuous Furnace Fan Motor 

(720 h monthly in winter; 6 months);  

18 year lifetime 

[7–9] 

5 

Solar Air Heater 

(Residential) 

E Home 

Electric Heat 

Pump 

Residential 

(Low-Rise) 

$370 (2008)/m2 (Mean Capital Cost) 

Collector Area: 4 m2 

Negligible incremental O&M Costs 

Assumed building size: 190 m2 

Offsets 80% of heating system 

35 year lifetime 

[4,6] 

$4910 USD (2015) (Capital and  

Installation Costs); 10 kW Heat Pump  

(160 h monthly in winter; 6 months);  

15 year lifetime 

[8–10] 

6 

Solar Air Heater 

(Commercial-

Small Business) 

NG SB 

Natural Gas 

Furnace 
Commercial 

$370 (2008)/m2 (Mean Capital Cost) 

Collector Area: 40 m2 

Negligible incremental O&M Costs 

Assumed building size: 930 m2 

35 year lifetime 

[4,6] 

$9000 (2015) (Capital and Installation Costs) 

80% AFUE Standard 

160,000 BTU  

78% AFUE  

18 year lifetime 

[7,8,11] 

7 

Solar Air Heater 

(Commercial-

Small Business) 

E SB 

Electric 

Furnace 
Commercial 

$370 (2008)/m2 (Mean Capital Cost) 

Collector Area: 4m2 

Negligible incremental O&M Costs 

Assumed building size: 190 m2 

35 year lifetime 

[4,6] 

$10,510 USD (2015) (Capital per unit and 

Installation Costs) 

5 × 20 kW Heat Pump  

(160 h monthly in winter; 6 months) 

15 year lifetime 

[8,10] 
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Table S4. Cont. 

No. 
Mitigation 

Measure 

Reference 

Technology 
Sub-sector 

Economic Cost Inputs and Assumptions of 

Mitigation Measure 

References for 

Economic Costs 

Economic Cost Inputs and 

Assumptions of Reference 

Technology 

References for 

Economic Costs 

8 

ENERGY STAR 

Natural Gas 

Furnace 

NG Home 

Standard Natural 

Gas Furnace 
Residential (Low-Rise) 

$8750 (2014) Capital Cost and Installation 

60,000 BTU (98%AFUE) 

Intermittent Furnace Fan Motor  

(160 h monthly in winter; 6 months) 

[7,8] 

$7300 (2014) Capital Cost and 

Installation 

60,000 BTU (82% AFUE) 

Intermittent Furnace Fan Motor 

(160 h monthly in winter;  

6 months) 

18 year lifetime 

[7,8] 

9 

Electric Heat 

Pump 

NG Home 

Standard Natural 

Gas Furnace 
Residential (Low-Rise) 

$4910 USD (2015) (Capital and  

Installation Costs) 

10 kW Heat Pump (160 h monthly  

in winter; 6 months) 

15 year lifetime 

[8–10] 

$7300 (2014) Capital Cost and 

Installation 

60,000BTU (82% AFUE) 

Intermittent Furnace Fan Motor 

(160 h monthly in winter;  

6 months) 

18 year lifetime 

[7,8] 

10 

Solar Water 

Heater (Replacing 

Electric Storage 

Water Heater) 

(Residential) 

E Home 

Electric Storage 

Water Heater 

Residential 

(Low-Rise) 

$1000 (2008)/m2 (Mean Capital Cost) 

Collector Area: 6 m2 

Negligible incremental O&M Costs 

Assumed building size: 190 m2 

80% solar usage annually 

25 year lifetime 

[4,12,13] 

$950 USD(2005) (Average 

Capital & Installation) 

5 kW (40 Gal capacity)  

118h of use monthly 

10 year lifetime 

[9,14] 

11 

Solar Water 

Heater (Replacing 

Natural Gas 

Storage Water 

Heater) 

(Residential) 

NG Home 

Gas Storage Water 

Heater 

Residential 

(Low-Rise) 

$1000 (2008)/m2 (Mean Capital Cost) 

Collector Area: 6 m2 

Negligible incremental O&M Costs 

Assumed building size: 190 m2 

80% solar usage annually 

25 year lifetime 

[4,12,13] 

$1137.50 USD (2005) (Average 

Capital & Installation) 

40,000 BTU hourly  

(40 Gal capacity)  

0.75 Efficiency Factor 

118h of use monthly 

10 year lifetime 

[9,14]  
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Table S4. Cont. 

No. 
Mitigation 

Measure 

Reference 

Technology 
Sub-sector 

Economic Cost Inputs and 

Assumptions of Mitigation 

Measure 

References for 

Economic Costs 

Economic Cost Inputs 

and Assumptions of 

Reference Technology 

References for 

Economic Costs 

12 

Solar Water 

Heater (Replacing 

Electric Storage 

Water Heater) 

(Commercial-

Small Business) 

E SB 

Electric Storage 

Water Heater 
Commercial/Institutional 

$1000 (2008)/m2 (Mean Capital Cost) 

Collector Area: 8 m2 

Negligible incremental O&M Costs 

Assumed building size: 930 m2 

25 year lifetime 

[4,13] 

$2004 USD (2015) 

6kW (80 Gal capacity) 

10 year lifetime 

[14–16] 

13 

Solar Water 

Heater (Replacing 

Natural Gas 

Storage Water 

Heater) 

(Commercial - 

Small Business) 

E SB 

Gas Storage  

Water Heater 
Commercial/Institutional 

$1000 (2008)/m2 (Mean Capital Cost) 

Collector Area: 8 m2 

Negligible incremental O&M Costs 

Assumed building size: 930 m2 

25 year lifetime 

[4,13] 

$2394 USD (2015) 

75,000 BTU hourly 

(75 Gal capacity) 

0.8 Efficiency Factor 

Usage 12h/day assumed 

10 year lifetime 

[14,17] 

14 

Solar Water 

Heater (Replacing 

Electric Storage 

Water Heater) 

(Commercial/ 

Institutional) 

E C/I 

Electric Storage 

Water Heater 
Commercial/Institutional 

$1000 (2008)/m2 (Mean Capital Cost) 

Collector Area: 46 m2 

Negligible incremental O&M Costs 

Assumed building size: 1500 m2 

25 year lifetime 

[4,13] 

$6076 USD(2015) 

45 kW (120 Gal capacity) 

10 year lifetime 

[14,15,16] 

15 

Solar Water 

Heater (Replacing 

Natural Gas 

Storage Water 

Heater) 

(Commercial/ 

Institutional) 

NG C/I 

Gas Storage  

Water Heater 
Commercial/Institutional 

$1000 (2008)/m2 (Mean Capital Cost) 

Collector Area: 46 m2 

Negligible incremental O&M Costs 

Assumed building size: 1500 m2 

25 year lifetime 

[4,13] 

$7,942USD(2015) 

250,000 BTU hourly 

(120 Gal capacity)  

0.8 Efficiency Factor 

Usage 12h/day assumed 

10 year lifetime 

[14,15,18] 
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Table S4. Cont. 

No. Mitigation Measure 
Reference 

Technology 
Sub-sector 

Economic Cost Inputs and 

Assumptions of Mitigation 

Measure 

References for 

Economic Costs 

Economic Cost Inputs 

and Assumptions of 

Reference Technology 

References for 

Economic Costs 

16 Wind (Residential) 
None. Existing 

Energy Supply 

Residential 

(Low-Rise) 

$6.8 (2008)/W (Mean Capital Cost) 

Power Capacity: 2.6 kW 

$335 (2008)/building  

(Annual O&M Costs) 

Assumed building size: 190 m2 

Annual Energy Output/Savings: 4.9 

MWh 

25 year lifetime 

[4,19] None. - 

17 

Wind  

(Commercial-Small 

Business) 

None. Existing 

Energy Supply 
Commercial/Institutional 

$6.2 (2008)/W (Mean Capital Cost) 

Power Capacity: 10kW 

$1237 (2008)/building  

(Annual O&M Costs) 

Assumed building size: 930 m2 

Annual Energy Output/Savings: 12 

MWh 

25 year lifetime 

[4,19] None. - 

18 

Wind  

(Commercial/ 

Institutional) 

None. Existing 

Energy Supply 
Commercial/Institutional 

$3.6 (2008)/W (Mean Capital Cost) 

Power Capacity: 50 kW 

$3550 (2008)/building  

(Annual O&M Costs) 

Assumed building size: 1500 m2 

Annual Energy Output/Savings:  

130 MWh 

25 year lifetime 

[4,19] None. - 

19 

ENERGY STAR 

High Efficiency 

Electric Storage 

Water Heater 

E Home 

Standard Electric 

Water Tank 

Heater 

Residential 

(Low-Rise) 

$1640 USD (2015) (Average Capital 

& Installation) 

4.5 kW (40 Gal capacity) 

118 h of use monthly 

10 year lifetime 

[9,14,16] 

$950 USD( 2005) (Average 

Capital & Installation) 

5 kW (40 Gal capacity)  

118 h of use monthly 

10 year lifetime 

[9,14] 
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Table S4. Cont. 

No. 
Mitigation 

Measure 

Reference 

Technology 
Sub-sector 

Economic Cost Inputs and 

Assumptions of Mitigation 

Measure 

References for 

Economic Costs 

Economic Cost Inputs 

and Assumptions of 

Reference Technology 

References for 

Economic Costs 

20 

ENERGY STAR 

High Efficiency 

Electric Storage 

Water Heater 

(Heat Pump) 

E Home 

Standard Electric 

Water Tank Heater 

Residential 

(Low-Rise) 

$4528 USD (2014)  

(Average Capital & Installation) 

2195 kWh/year  

20 year lifetime 

[14,20] 

$950 USD (2005) (Average 

Capital & Installation) 

5kW (40 Gal capacity)  

118 h of use monthly 

10 year lifetime 

[9,14,21] 

21 

ENERGY STAR 

Whole Home Gas 

Tankless Water 

Heater 

NG Home 

Standard Gas 

Storage Water 

Heater 

Residential 

(Low-Rise) 

$1420 USD (2015)  

(Average Capital & Installation) 

30% less than standard  

gas storage models 

20 year lifetime 

[14,20,22] 

$1137.50 USD(2005) 

(Average Capital & 

Installation) 

40,000 BTU hourly  

(40 Gal capacity)  

0.75 Efficiency Factor 

118 h of use monthly 

10 year lifetime 

[9,14]  

22 

ENERGY STAR 

High-Efficiency 

Gas Storage 

Water Heater 

NG Home 

Standard Gas 

Storage Water 

Heater 

Residential 

(Low-Rise) 

$2044USD (2015)  

(Average Capital & Installation) 

14% less than standard  

gas storage models 

10 year lifetime 

[14,17,20] 

$1137.50 USD (2005) 

(Average Capital & 

Installation) 

40,000 BTU hourly  

(40 Gal capacity)  

0.75 Efficiency Factor 

118h of use monthly 

10 year lifetime 

[9,14]  

23 

ENERGY STAR 

High Efficiency 

Electric Storage 

Water Heater 

(Heat Pump) 

NG Home 

Standard Gas 

Storage Water 

Heater 

Residential 

(Low-Rise) 

$4528 USD (2014)  

(Average Capital & Installation) 

2195 kWh/year  

20 year lifetime 

[14,20] 

$1137.50 USD (2005) 

(Average Capital & 

Installation) 

40,000 BTU hourly  

(40 Gal capacity)  

0.75 Efficiency Factor 

118 h of use monthly 

10 year lifetime 

[9,14] 
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Table S4. Cont. 

No. 
Mitigation 

Measure 

Reference 

Technology 
Sub-sector 

Economic Cost Inputs and Assumptions 

of Mitigation Measure 

References for Economic 

Costs 

Economic Cost Inputs 

and Assumptions of 

Reference Technology 

References for 

Economic Costs 

24 
ENERGY STAR 

Refrigerator 

Standard 

Refrigerator 

Residential  

(LR and MUR) 

$765 (2015) 

382 kWh annual 

11 year lifetime 

[23–25] 

$729 (2014) 

664kWh annual 

11 year lifetime 

[23–25] 

25 

ENERGY STAR 

Clothes Dryer 

(Electric) 

E Home 

Standard Electric 

Clothes Dryer 

Electric 

Residential 

(LR and MUR) 

$1500 (2011) 

684 kWh annual 

14 year lifetime 

[26] 

$1015 USD (2013) 

967 kWh annual 

14 year lifetime 

[26,27] 

26 

ENERGY STAR 

Clothes Dryer 

(Gas) NG Home 

Standard Gas 

Clothes Dryer 

Residential 

(Low-Rise) 

$1500 (2011) 

748 kWh annual 

14 year lifetime 

[26] 

$1150 USD (2013) 

1091 kWh annual 

14 year lifetime 

 

[26,27] 

27 
ENERGY STAR 

Dishwasher  

Standard 

Dishwasher 

Residential 

(LR and MUR) 

$1,274 (2015) 

322 kWh annual 

9 year lifetime 

[23–25] 

$949 (2014) 

649 kWh annual 

9 year lifetime 

[23–25] 

28 
ENERGY STAR 

Clothes Washer 

Standard Clothes 

Washer 

Residential 

(LR and MUR) 

$799 (2015) 

251 kWh annual 

14 year lifetime 

[24] 

$699 (2014) 

930 kWh annual  

14 year lifetime 

[24] 

29 
ENERGY STAR 

Light Bulbs (LED) 
Incandescent 

Residential 

(Low-Rise) 

$9.99USD(2015) 

9 W; 50,000 h 

Usage assumed 3 h/day 

[28–31] 

$1.50 USD (2015) 

40W; 1,200 h 

Usage assumed 3 h/day 

[28–31] 

30 
ENERGY STAR 

Light Bulbs (CFL) 
Incandescent 

Residential 

(Low-Rise) 

$5.93USD(2015) 

26 W; 8000 h 

Usage assumed 3 h/day 

Toronto values from CHMC: Cooling 

reduced by 19%  

(average of 15%-22%) 

Heating increased by 0.6%–1.7%, 

considered negligible 

Cost saving reduced by 40% 

[28,30–32] 

$1.50 USD (2015) 

40 W; 1200 h 

Usage assumed 3 h/day 

[28,30,31] 

31 
ENERGY STAR 

Light Bulbs (LED) 
Incandescent 

Residential 

(MUR) 

$11.98 (2015) 

12 W; 50,000 h 

Usage assumed 3 h/day 

[28,29,31] 

$2.16 USD( 2015) 

65 W; 1,200 h 

Usage assumed 3 h/day 

[28,29,31] 
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Table S4. Cont. 

No. 
Mitigation 

Measure 

Reference 

Technology 
Sub-sector 

Economic Cost Inputs and 

Assumptions of Mitigation 

Measure 

References for 

Economic Costs 

Economic Cost Inputs 

and Assumptions of 

Reference Technology 

References for 

Economic Costs 

32 
ENERGY STAR 

Light Bulbs (CFL) 
Incandescent 

Residential 

(MUR) 

$5.93 USD (2015) 

26 W; 8000 h 

Usage assumed 3 h/day 

Toronto values from CHMC: 

Cooling reduced by 63 kWh/year 

Heating increased by 0.6-1.7%, 

considered negligible 

Cost saving reduced by 40% 

[28,30–32] 

$2.16 USD (2015) 

65 W; 1,200 h 

Usage assumed 3h/day 

[28,30,31] 

33 
ENERGY STAR 

Light Bulbs (LED) 
Incandescent Commercial/Institutional 

$51.95 USD (2015) 

23 W; 50,000 h 

Usage assumed 8 h/day 

[28,30–32] 

$2.30 USD (2015) 

100 W; 1,200 h 

Usage assumed 8 h/day 

[28,30,33] 

34 
ENERGY STAR 

Light Bulbs (CFL) 
Incandescent Commercial/Institutional 

$5.93 USD (2015) 

26 W; 8,000 h 

Usage assumed 8 h/day 

Toronto values from CHMC: 

Cooling reduced by 19%  

(average of 15%–22%) 

Heating increased by 0.6%–1.7%, 

considered negligible 

Cost saving reduced by 40% 

[28,30–32] 

$2.30 USD (2015) 

100 W; 1,200 h 

Usage assumed 8 h/day 

[28,30,33] 

35 
ENERGYSTAR 

Air Conditioning 

Standard Air 

Conditioning Unit 
Residential (Low-Rise) 

$1245 USD (2015) 

2315 kWh/year 

15 year lifetime 

[24,34] 

$850USD(2015) 

2,850kWh/year 

15 year lifetime 

[24,34] 

36 
ENERGYSTAR 

HVAC  

Standard HVAC 

Unit 
Commercial/Institutional 

$9617 USD (2015) 

10,805 kWh/year 

15 year lifetime 

[24,35] 

$10,257 USD (2015) 

12,519 kWh/year 

15 year lifetime 

[24,35] 

1. Incremental O&M costs for Photovoltaics and Wind technologies were used without calculation of the mitigation vs. reference because the figures were from a Toronto 

Case study so the approximation is valid; 2. If the difference between the lifetime of the Reference technology and mitigation measure is 5 years, it was taken to be 

equivalent in the calculations; 3. If not stated otherwise, costs are in Canadian Dollars; 4. 1 USD = 1.2 CDN. 
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Table S5. Cost-effectiveness and GHG abatement of mitigation measures in the building sector. 

No. Mitigation Measure 
Cost-Effectiveness 

2012 ($/tCO2) 
GHG Abatement Assumptions 

References for 

Abatement 

Assumptions 

GHG Abatement 

Assumptions in 

2020 

GHG 

Abatement in 

2020 (tCO2) 

GHG Abatement 

Assumptions in 

2050 

GHG 

Abatement in 

2050 (tCO2) 

1 
Photovoltaics 

(Residential) 
2384 

100 systems installed 2008–2010;  

50 systems annually 
[36] 

400 system 

implementations 
6048 

1900 system 

implementations 
28,728 

2 

Photovoltaics 

(Commercial-Small 

Business) 

1989 

Estimated based on residential 

application; assuming 10 systems 

annually 

[36] 
80 system 

implementations 
6624 

380 system 

implementations 
31,464 

3 
Photovoltaics 

(Commercial/Institutional) 
2045 

Estimated based on residential 

application; assuming 5 systems 

annually 

[36] 
40 system 

implementations 
21,600 

190 system 

implementations 
102,600 

4 

Solar Air Heater 

(Residential)  

NG Home 

−161 

Estimated based on residential 

application; assuming 50 systems 

annually 

[36] 
400 system 

implementations 
47,734 

1900 system 

implementations 
226,739 

5 

Solar Air Heater 

(Residential) 

E Home 

−351 

Estimated based on residential 

application; assuming 50 systems 

annually 

[36] 
400 system 

implementations 
12,902 

1,900 system 

implementations 
61,286 

6 

Solar Air Heater 

(Commercial-Small 

Business) 

NG SB 

−23 

Estimated based on residential 

application; assuming 10 systems 

annually 

[36] 
80 system 

implementations 
26,111 

380 system 

implementations 
124,028 

7 

Solar Air Heater 

(Commercial-Small 

Business) 

E SB 

−448 

Estimated based on residential 

application; assuming 10 systems 

annually 

[36] 
80 system 

implementations 
25,805 

380 system 

implementations 
122,573 

8 

ENERGY STAR Natural 

Gas Furnace 

NG Home 

−18 
50 households went through the 

HEAT Program annually 
[37] 400 households 4888 1900 households 23,217 

9 
Electric Heat Pump 

NG Home 
−220 

50 households went through the 

HEAT Program annually 
[37] 400 households 31,860 1900 households 151,336 

10 

Solar Water Heater 

(Replacing Electric 

Storage Water Heater) 

(Residential) 

E Home 

−158 
100 systems installed 2008-2010;  

50 systems annually 
[36] 

400 system 

implementations 
6797 

1900 system 

implementations 
32,285 
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Table S5. Cont. 

No. Mitigation Measure 
Cost-Effectiveness 

2012 ($/tCO2) 
GHG Abatement Assumptions 

References for 

Abatement 

Assumptions 

GHG Abatement 

Assumptions in 

2020 

GHG 

Abatement in 

2020 (tCO2) 

GHG Abatement 

Assumptions in 

2050 

GHG 

Abatement in 

2050 (tCO2) 

11 

Solar Water Heater 

(Replacing Natural Gas 

Storage Water Heater) 

(Residential) 

NG Home 

−58 
100 systems installed 2008-2010;  

50 systems annually 
[36] 

400 system 

implementations 
38,304 

1900 system 

implementations 
181,946 

12 

Solar Water Heater 

(Replacing Electric 

Storage Water Heater) 

(Commercial-Small 

Business)  

E SB 

−452 

Estimated based on residential 

application;  

assuming 10 systems annually 

[36] 
80 system 

implementations 
5406 

80 system 

implementations 
23,967 

13 

Solar Water Heater 

(Replacing Natural Gas 

Storage Water Heater) 

(Commercial-Small 

Business) 

E SB 

−57 

Estimated based on residential 

application;  

assuming 10 systems annually 

[36] 
80 system 

implementations 
31,102 

80 system 

implementations 
147,735 

14 

Solar Water Heater 

(Replacing Electric 

Storage Water Heater) 

(Commercial/Institutional) 

E C/I 

−560 

Estimated based on residential 

application;  

assuming 5 systems annually 

[36] 
40 system 

implementations 
18,922 

40 system 

implementations 
89,878 

15 

Solar Water Heater 

(Replacing Natural Gas 

Storage Water Heater) 

(Commercial/Institutional) 

NG C/I 

−63 

Estimated based on residential 

application;  

assuming 5 systems annually 

[36] 
40 system 

implementations 
64,796 

40 system 

implementations 
307,780 

16 Wind (Residential) 1058 

Estimated based on 10 installations 

in Toronto  

2002–2011; assuming 1 annually 

[38] 8 installations 118 38 installations 559 
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Table S5. Cont. 

No. Mitigation Measure 
Cost-Effectiveness 

2012 ($/tCO2) 
GHG Abatement Assumptions 

References for 

Abatement 

Assumptions 

GHG Abatement 

Assumptions in 

2020 

GHG 

Abatement in 

2020 (tCO2) 

GHG Abatement 

Assumptions in 

2050 

GHG 

Abatement in 

2050 (tCO2) 

17 
Wind (Commercial - Small 

Business) 
1805 

Estimated based on 10 installations 

in Toronto 2002–2011;  

assuming 1 annually 

[38] 8 installations 288 38 installations 1368 

18 
Wind (Commercial/ 

Institutional) 
124 

10 installations in Toronto  

2002–2011; assuming 1 annually 
[38] 8 installations 3120 38 installations 14,820 

19 

ENERGY STAR High 

Efficiency Electric Storage 

Water Heater 

E Home 

−559 

Electric water heaters are 40% of the 

market share (97% storage tanks;  

3% tankless) 

Assumed 3% market penetration of 

ENERGY STAR products 

[38] 
Calculated from 

assumptions 
4108 

Calculated from 

assumptions 
5154 

20 

ENERGY STAR High 

Efficiency Electric Storage 

Water Heater 

(Heat Pump) 

E Home 

−396 

Electric water heaters are 40% of the 

market share (97% storage tanks;  

3% tankless) 

1% market penetration in 2011 of 

ENERGY STAR products 

[20,39] 
Calculated from 

assumptions 
584 

Calculated from 

assumptions 
733 

21 

ENERGY STAR Whole 

Home Gas Tankless Water 

Heater 

NG Home 

−181 

Gas water heaters are 53% of the 

market share (97% storage tanks;  

3% tankless) 

Assumed 1% market penetration in 

2011 of ENERGY STAR products 

[20] 
Calculated from 

assumptions 
1897 

Calculated from 

assumptions 
2380 

22 

ENERGY STAR High-

Efficiency Gas Storage 

Water Heater 

NG Home 

−73 

Gas water heaters are 53% of the 

market share (97% storage tanks;  

3% tankless) 

3% market penetration of ENERGY 

STAR products 

[20,39] 
Calculated from 

assumptions 
42,943 

Calculated from 

assumptions 
53,875 

23 

ENERGY STAR High 

Efficiency Electric Water 

Heater 

(Heat Pump) 

NG Home 

−63 

Electric water heaters are 40% of the 

market share (97% storage tanks;  

3% tankless) 

1% market penetration in 2011 of 

ENERGY STAR products 

[20,39] 
Calculated from 

assumptions 
4511 

Calculated from 

assumptions 
5659 

24 
ENERGY STAR 

Refrigerator 
−658 

56% market penetration in 2011 of 

ENERGY STAR products 
[39] 

Calculated from 

assumptions 
232,225 

Calculated from 

assumptions 
291,343 
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Table S5. Cont. 

No. Mitigation Measure 
Cost-Effectiveness 

2012 ($/tCO2) 
GHG Abatement Assumptions 

References for 

Abatement 

Assumptions 

GHG Abatement 

Assumptions in 

2020 

GHG 

Abatement in 

2020 (tCO2) 

GHG Abatement 

Assumptions in 

2050 

GHG 

Abatement in 

2050 (tCO2) 

25 

ENERGY STAR Clothes 

Dryer (Electric) 

E Home 

257 

63% of households have an electric 

clothes dryer 

Assumed 61% market penetration 

[40] 
Calculated from 

assumptions 
203,547 

Calculated from 

assumptions 
255,364 

26 

ENERGY STAR Clothes 

Dryer (Gas) 

NG Home 

186 

15% of households have a gas 

clothes dryer 

Assumed 61% market penetration 

[40] 
Calculated from 

assumptions 
98,857 

Calculated from 

assumptions 
124,023 

27 
ENERGY STAR 

Dishwasher 
−9 

Assumed 60% of households have a 

dishwasher 

96% market penetration in 2011 of 

ENERGY STAR products 

[39] 
Calculated from 

assumptions 
226,617 

Calculated from 

assumptions 
284,307 

28 
ENERGY STAR Clothes 

Washer 
−566 

Assumed 80% have a clothes washer 

61% market penetration in 2011 of 

ENERGY STAR products 

[39] 
Calculated from 

assumptions 
620,151 

Calculated from 

assumptions 
778,728 

29 
ENERGY STAR Light 

Bulbs (LED) 
−433 

70% of residential lighting is 

currently incandescent 

Market penetration of LED is 20% 

Assume 30 bulbs/household 

[39,41] 

Based on existing 

stock in 2012,  

57,545 incandescent 

lightbulbs replaced 

annually for 8 years 

460,360 LED 

lightbulbs 

85,627 

Based on existing 

stock in 2012,  

57,545 incandescent 

lightbulbs replaced 

annually for 38 years 

2,186,710 LED 

lightbulbs 

406,728 

30 
ENERGY STAR Light 

Bulbs (CFL) 
−607 

70% of residential lighting is 

currently incandescent 

Market penetration of CFL is 76% 

Assume 30 bulbs/household 

[39,41] 

Based on existing 

stock in 2012, 

218,671 incandescent 

lightbulbs replaced 

annually for 8 years 

1,749,368 CFL 

lightbulbs 

27,979 

Based on existing 

stock in 2012, 

218,671 incandescent 

lightbulbs replaced 

annually for 38 years 

8,309,49 CFL 

lightbulbs 

132,899 

31 
ENERGY STAR Light 

Bulbs (LED) 
−433 

70% of residential lighting is 

currently incandescent 

Market penetration of LED is 20% 

[39,41] 

24,634 lightbulbs 

replaced to LED 

(representing 20% of 

the market share) 

197,072 lightbulbs 

62,669 

24,634 lightbulbs 

replaced to LED 

(representing 20% of 

the market share) 

936,092 lightbulbs 

297,677 
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Table S5. Cont. 

No. Mitigation Measure 
Cost-Effectiveness 

2012 ($/tCO2) 
GHG Abatement Assumptions 

References for 

Abatement 

Assumptions 

GHG Abatement 

Assumptions in 

2020 

GHG 

Abatement in 

2020 (tCO2) 

GHG Abatement 

Assumptions in 

2050 

GHG 

Abatement in 

2050 (tCO2) 

32 
ENERGY STAR Light 

Bulbs (CFL) 
−582 

TCHC Case study shows18,722 CFL 

lightbulbs replacing incandescent 

lightbulbs in 15 MUR in 2011;  

and 74 MURs in 2012.  

70% of residential lighting is 

currently incandescent 

Market penetration of CFL is 76% 

[39,41,42] 

Assumed 93,610 

incandescent 

lightbulbs replaced 

with CFL annually 

for 8 years; 

93,610 light bulbs 

annually 

(representing 76% of 

the market share) 

748,880 lightbulbs 

33,365 

Assumed 93,610 

incandescent 

lightbulbs replaced 

with CFL annually 

for 8 years; 

93,610 light bulbs 

annually 

(representing 76% of 

the market share) 

3,557,180 lightbulbs 

158,485 

33 
ENERGY STAR Light 

Bulbs (LED) 
−527 

0.4lightbulbs/m2 assumed 

10% of commercial lighting is 

currently incandescent 

Market penetration of LED is 20% 

[39,41] 
Calculated from 

assumptions 
428,316 

Calculated from 

assumptions 
847,292 

34 
ENERGY STAR Light 

Bulbs (CFL) 
−460 

Assuming 208 lightbulbs replaced in 

a 502 sq m commercial 

establishment based on a  

Toronto Hydro case study. 

Assuming 0.4 lightbulbs/m2 

10% of commercial lighting is 

currently incandescent 

Market penetration of CFL is 76% 

[39,41,43.44] 
Calculated from 

assumptions 
306,080 

Calculated from 

assumptions 
605,485 

35 
ENERGYSTAR Air 

Conditioning 
−134 

50 households went through the 

HEAT Program annually; assuming 

a similar number for cooling 

initiatives 

[37] 400 households 385 1,900 households 1,830 

36 ENERGYSTAR HVAC −387 

50 households went through the 

HEAT Program annually; assuming 

a similar number for cooling 

initiatives 

 400 establishments 1234 1,900 establishments 5,862 
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Table S6. Economic costs and GHG emission inputs of mitigation measures in the transportation sector. 

No. Mitigation Measure 
Reference 

Technology 
Sub-Sector 

Economic Cost Inputs and Assumptions of 

Mitigation Measure 

References for 

Economic Costs 

Economic Cost Inputs and 

Assumptions of Reference Technology 

References for 

Economic 

Costs 

1 
Battery Electric 

Vehicle 

Vehicle with 

Internal 

Combustion 

Engine 

Passenger 

vehicle 

$40,000 (2012) (Average vehicle) 

$217.50 (2012) O&M costs are assumed one 

third cheaper than ICT.  

23 kWh battery  

(4–6 h charging)  

Electric range 122 km  

Annual distance travelled 15,000 km 

15 year lifetime 

[2,45] 

$25,000 (2015) 

(Average vehicle) 

$652.50 (2012) (CAA 2012)  

(Average vehicle price) 

9.5l/100km (2010 stock average for LDV) 

2.8kg/l CO2 intensity of fuel 

[2,46,47] 

2 
Plug-in Hybrid 

Electric Vehicle 

Vehicle with 

Internal 

Combustion 

Engine 

Passenger 

vehicle 

$40,000 (2012) 

(Price of average vehicle) 

$0.27 kWh/km (average) Fuel consumption 

Annual distance travelled 15,000 km 

Assuming 60% on electricity and 40% on gas 

15 year lifetime 

[2,45] 

$25,000 (2015) 

(Average vehicle price) 

9.5l/100 km (2010 stock average for LDV) 

2.8kg/LCO2 intensity of fuel  

[2,47] 

3 Diesel/Hybrid Bus Diesel Bus Bus 

$734,000 (2008) 

27/100 km 

Annual distance travelled 73,000 km 

18 year lifetime 

[2,47] 

$500,000 (2008) 

39l/100 km 

Annual distance travelled 73,000 km 

[2,47] 

4 Medium Duty Truck 
Medium Duty 

Truck 
Freight Truck 

$43,120 (USD2015) 

16l/100 km 

Assumed 146,000 km travelled per year 

4 year lifetime 

[2,49,50] 

$38,120 (Assumed $5,000 (USD2014) less 

than new truck) 

20l/100 km 

[2] 

5 Heavy Duty Truck 
Heavy Duty 

Truck 
Freight Truck 

$84,600 (USD2015) 

28.5l/100 km 

Assumed 160,000 km travelled per year 

4 year lifetime 

[2,49,50] 

$74,600 (Assumed  

$10,000 (USD2014) less than new truck) 

36l/100 km 

[2] 

1. If not stated otherwise, costs are in Canadian Dollars; 2. 1USD = 1.2CDN. 

  



Energies 2016, 9, 227; doi:10.3390/en9040227 S17 of S20 

 

Table S7. Cost-effectiveness and GHG abatement of mitigation measures in the transportation sector. 

No. 
Mitigation 

Measure 

Cost-Effectiveness  

2012 ($/tCO2) 
GHG Abatement Assumptions  

References for Abatement 

Assumptions 

GHG 

Abatement 

Assumptions 

in 2020 

GHG 

Abatement in 

2020 (tCO2e) 

GHG 

Abatement 

Assumptions in 

2050 

GHG 

Abatement in 

2050 (tCO2) 

1 
Battery Electric 

Vehicle 
111 119BEVs/year based on Plug “n” Drive Statistics 2011–2014 [45] 1248 vehicles 59,632 5928 vehicles 283,254 

2 
Plug-in Hybrid 

Electric Vehicle 
283 98PHEVs/year based on Plug “n” Drive Statistics 2011–2014 [45] 488 vehicles 28,943 2318 vehicles 137,477 

3 Diesel/Hybrid Bus 360 
Based on 33% of 500 bus fleet is diesel/hybrid,  

and assumed in the time frame 2008-2015. 24 buses/year 
[51] 192 buses 83,540 912 buses 396,813 

4 
Medium Duty 

Truck 
−354 

Assuming rate of greening is similar to City’s green fleet 

plan of 130 vehicles/year total.  

Ratio of Medium:Heavy is 70: 30 assumed 

Assumed 39 per year 

[52,53] 312 trucks 20,111 1482 trucks 95,529 

5 Heavy Duty Truck −354 

Assuming rate of greening is similar to City’s green fleet 

plan of 130 vehicles/year total.  

Ratio of Medium:Heavy is 70:30 assumed  

Assumed 91 per year 

[52,53] 728 trucks 96,424 3458 trucks 458,016 

Table S8. Economic costs and GHG emission inputs of mitigation measures in the waste sector. 

No. 
Mitigation 

Measure 

Reference 

Technology 
Sub-Sector 

Economic Cost Inputs and 

Assumptions of Mitigation Measure 

References for 

Economic Costs 

Economic Cost Inputs 

and Assumptions of 

Reference Technology 

References for 

Economic Costs 

1 Diversion-LR N/A Residential Assumed zero - N/A - 

2 Diversion-MUR N/A Residential Assumed zero - N/A - 

3 Diversion–C/I N/A Commercial/Institutional Assumed zero - N/A - 

Table S9. Cost-Effectiveness and GHG Abatement of Mitigation Measures in the Waste Sector. 

No. Mitigation Measure 
Cost-Effectiveness  

2012 ($/tCO2) 
GHG Abatement Assumptions  

References for Abatement 

Assumptions 

GHG 

Abatement 

Assumptions 

in 2020 

GHG 

Abatement in 

2020 (tCO2) 

GHG 

Abatement 

Assumptions 

in 2050 

GHG 

Abatement in 

2050 (tCO2) 

1 Diversion - SF 0 

Applicable to low-rising housing in the residential 

building stock. 

1% annual increase in diversion rate. 

Abatement in target years 

obtained from METRO model 
73% diversion 21,695 100% diversion 283,951 

2 Diversion - MUR 0 

Applicable to multi-unit residential housing in the 

residential building stock. 

1.4% annual increase in diversion rate. 

Abatement in target years 

obtained from METRO model 
33% diversion 27,361 75% diversion 202,185 

3 Diversion – C/I 0 
Applicable to commercial/institutional establishments 

1% annual increase in diversion rate. 

Abatement in target years 

obtained from METRO model 
22% diversion 108,626 52% diversion 801,759 
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