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ABSTRACT

The GHG emission abatement costs of clean development mechanism (CDM) projects are needed to forecast the abatement
cost of the cooperative approaches and the sustainable mechanism of the Paris Agreement. The purpose of this paper is to
estimate the GHG emission abatement cost of CDM projects in Chile using three kinds of investment analysis: simple cost
analysis, investment comparison, and benchmark analysis. The average abatement cost of 53 CDM projects is $13.87/tCO,
(2020 price). The cost of wind projects is the highest ($22.64/tCO,), followed by fuel switch ($22.39/tCO,), biomass
($16.19tCO,), PV16.17/tCO,), small hydro ($11.33/tCO,), methane recovery ($10.60tCO,), and LFG ($4.35/tCO,). Economies
of scale are a factor in wind, LFG and methane avoidance projects, while higher investment leads to higher abatement cost
for small hydro, PV, wind and biomass. Economies of time are a factor in LFG, and wind, LFG, and small hydro are affected
by technology development. There was a relationship between abatement cost and share of CDM activities for small hydro,
biomass and fuel switch. Cost-effective mitigation strategy is to consider projects with higher mitigation potential at the same
marginal abatement cost (MAC). A cost-effective strategy at a MAC of $10-20/tCO, is to consider LFG, wind/methane
avoidance, PV, biomass, small hydro. The cost-effective strategy at a MAC of over $30/tCO, is to consider wind, PV, biomass,
small hydro.

Key words : GHG Emission Abatement Cost, Marginal Abatement Cost (MAC), Certified Emission Reduction, Clean Development

Mechanism, Investment Analysis, Additionality
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Table 1. Information for abatement cost estimation using investment analysis

Methodology Cost

Revenue

Economic indicators Other information

Simple cost analysis

Cost

Investment,

Investment comparison analysis
O&M cost, tax, etc

Benchmark analysis

Electricity sales,

Heat sales, Other sales IRR

3 Emission factor,
IRR, NPV, B/C Ratio, LCOE . .
Emission reduction
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Table 2. CDM projects in Chile (July 2020)

Ho

Fuel
Hydro Wind PV LFG | Biomass | Methane | N20O l_lt n Forest |Efficiency| Thermal | Transport| Total
switc
Registered| 34 21 20 15 12 7 3 2 2 2 1 1 120
Analysis 16 9 6 11 6 4 1 53
(share) | (47%) | (43%) | (30%) | (73%) | (50%) | (57%) (50%) (44%)

source : UNFCCC, CDM DB
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Table 3. Investment per project and unit of CDM projects in Chile ($, $/MW,tCO,)

Investment per project ($) Investment per unit ($/MW, tCO,)
Investment O&M cost Investment O&M cost

Biomass 24,636,674 1,105,607 1,549,097 17.43
Fuel switch 1,167,017 247,664 86 18.28
LFG 9,535,190 380,923 150 6.04
Large hydro 256,927,808 1,350,735 2,811,486 23,326
Methane avoidance 14,417,232 721,802 171 8.96
Small hydro 24,901,909 210,263 3,502,400 28,722
PV 190,493,474 2,227,340 3,488,770 67,690
Wind 241,715,320 4,057,389 2,967,291 35,877
Total 106,651,956 1,418,617 2,040,325 35,487

* investment per unit is based on MW for electricity generating projects (hydro, PV, wind), and based on GHG emission reduction for

non-electricity generating projects (biomass, fuel switch, LFG, methane avoidance)
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Table 4. Emission factor and GHG emission reduction for CDM type (tCO/MWh, tCO,)

Emission factor for grid power GHG emission reduction (tCO) .
Share of CER issuance
(tCO/MWh) Annual Period

Biomass 0.6175 75,821 1,579,855 0.63
Fuel switch 13,545 284,445 0.13
LFG 0.0323 108,727 1,949,160 0.65
Large hydro 0.5895 261,665 5,494,959 0.17
Methane avoidance 140,040 2,788,760 0.63
Small hydro 0.5704 19,649 399,879 0.05
PV 0.7594 104,436 1,984,278 -

Wind 0.6809 166,112 3,317,365 0.07
Total 0.4529 119,901 2,380,848 0.30
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Table 5. GHG emission abatement cost for CDM types in Chile($/tCO,, 2020 price)

Abatement cost (registered year) Abatement cost (2020) Abatement cost (cost-based)
Biomass 9.53 16.19 30.27
Fuel switch 10.56 22.39 22.39
LFG 2.88 5.67 6.69
Large hydro 8.49 13.84 52.76
Methane avoidance 5.73 11.41 11.41
Small hydro 8.48 12.19 78.40
PV 11.64 16.17 96.05
Wind 16.03 22.64 113.91
Total 8.91 13.87 56.60
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Fig. 3. Abatement cost and investment per MW of wind projects ($/tCO,, $/MW, 2020 price)
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Table 6. Relationship between abatement cost and share of registered CDM types ($/tCO,, number)

Abatement cost ($/tCO,, 2020 price) Number of registered CDM projects (%)
Cost Type Type Share
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| 2.19 Small hyd Small hyd 20(18% |
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Table 8. Available types of projects for MAC in Chile
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Table. GHG emission abatement cost for each project in Chile

abatement cost ($/tCO,, 2020 price)
CDM number name of project investment analysis | benchmark IRR
registered year 2020 cost-based

258 Nueva Aldea Biom 1 bench-analy 10.00 12.16 21.35 21.35
346 Nueva Aldea Biom 2 - - 10.56 22.39 22.39
379 Russfin Biomass bench-analy 10.00 4.18 7.34 7.34
259 Trupan Biomass bench-analy 10.00 6.25 10.97 10.97
2325 PANITAO Biomass bench-analy - 9.40 14.99 15.85
8099 Lautaro Biomass bench-analy 9.70 14.62 20.11 103.70
(average of biomass) - 6.62 9.53 16.19 30.27

24 Graneros Fuel Switch simp-cost 10.00 10.56 22.39 22.39
(average of fuel switch) - - 10.56 22.39 22.39

248 La Higuera Hydro bench-analy 10.00 6.07 10.12 49.18
1052 Chacabuquito Hydro bench-analy 10.00 6.26 14.97 51.90
1265 Quilleco Hydro bench-analy - 4.98 8.31 24.77
1374 Hornitos Hydro bench-analy 10.00 9.34 15.59 27.13
2417 Lircay Hydro bench-analy 10.00 6.54 10.90 76.06
4229 La Confluencia Hydro bench-analy 10.00 12.49 17.72 56.68
6848 Chacayes Hydro bench-analy 11.20 13.76 19.30 83.60
(average of large hydro) - 8.74 8.49 13.84 52.76

1267 Puclaro Hydro - - 2.06 3.44 34.18
3791 La Paloma Hydro bench-analy 9.70 9.21 14.69 104.01
4337 Trueno Hydro bench-analy 10.30 10.29 14.59 68.53
3830 Guayacan Hydro bench-analy 10.00 8.73 12.39 58.44
4800 San Clemente Hydro bench-analy 10.00 14.57 20.67 104.30
8162 DONGO Hydro bench-analy 13.15 6.16 8.64 94.17
8914 Bonito Hydro bench-analy 10.00 10.05 14.10 82.99
8981 Nalcas Hydro bench-analy 10.00 9.61 13.48 75.75
8867 Ensenada Hydro bench-analy 10.00 5.61 7.71 83.20
(average of small hydro) - 9.24 8.48 12.19 78.40
(average of hydro) - 9.02 8.48 12.91 67.18

96 Copiulemu LFG simp-cost 4.00 0.06 0.11 1.63
97 Cosmito LFG simp-cost 10.00 1.22 241 n.e
170 El Molle LFG simp-cost 10.00 0.46 1.11 3.90
254 Lepanto LFG simp-cost 10.00 3.16 5.55 5.55
822 Colorados LFG simp-cost 25.00 2.65 441 441
1219 Coronel LFG simp-cost 10.00 5.39 8.98 12.29
1435 Regional LFG simp-cost 10.00 9.42 15.72 15.72
2028 La Hormiga LFG simp-cost 7.20 3.82 15.13 21.02
1911 El Empalme LFG simp-cost 25.00 1.86 3.00 3.10
2512 El Panul LFG simp-cost 25.00 3.26 5.20 5.20
799 Santa Marta LFG simp-cost 10.00 0.34 0.81 0.81
(average of LFG) - 13.29 2.88 5.67 7.36
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Table. GHG emission abatement cost for each project in Chile (continued)

abatement cost ($/tCO,, 2020 price)

CDM number name of project investment analysis benchmark IRR
registered year 2020 cost-based

33 Pocillas Methane simp-cost 10.00 3.16 6.22 6.22
31 Corneche Methane simp-cost 25.00 9.45 15.07 15.07
32 Peralillo Methane simp-cost 25.00 8.05 19.92 19.92
458 Maitenlahue Methane simp-cost 10.00 2.25 4.44 4.44
(average of methane avoid.) - 17.50 5.73 11.41 11.41
8760 Altos de Pica Solar bench-analy 11.09 7.14 10.01 115.07
9331 Huasco Solar bench-analy 10.30 11.40 14.81 113.04
9127 Pica Solar bench-analy 11.09 6.70 9.41 144.78
9213 Pintados Solar bench-analy 11.09 12.49 17.72 20.83
9311 Atacama Solar bench-analy 10.00 18.67 26.20 79.96
9248 Lagunas Solar bench-analy 10.30 13.44 18.85 102.65
(average of PV) - 10.65 11.64 16.17 96.05

1958 Canela Wind bench-analy - 17.54 27.96 131.63
3252 Totoral Wind bench-analy 12.04 28.12 41.14 143.69
4449 Redondo Wind bench-analy 10.00 27.95 39.66 119.08
7003 Lebu 1 Wind bench-analy 10.30 13.28 18.63 83.57
8133 Arauco Wind bench-analy 10.30 5.81 8.15 111.81
7458 Vientos Wind bench-analy 13.34 8.69 12.19 91.52
9361 Parque Wind bench-analy 10.30 17.24 24.19 93.61
9723 E.CL Wind bench-analy 9.28 15.72 20.42 85.05
10070 Palmeras Wind bench-analy 10.00 9.94 11.43 165.19
(average of wind) 9.51 16.03 22.64 113.91
(average of total projects) 10.38 8.91 13.87 57.69
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