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Estimated GHG Reductions and Net Costs or Cost Savings 
GHG Reduction Potential in 2012, 2020 (MMtCO2e): 1.2, 3.0, respectively. 

Net Cost per tCO2e: –$2. 

Data Sources: Data on current waste generation and recycling rates were taken from the SC 
DHEC South Carolina Solid Waste Management Annual Report: Fiscal Year 2006.169 SC DHEC 
reports the composting of yard trimmings and food wastes as a part of the recycling stream in 
this report. The breakdown of the waste disposed in South Carolina by type was derived from 
U.S.-level data provided in the EPA 2005 waste characterization report.170 GHG emission 
reductions were modeled using EPA’s WAste Reduction Model (WARM).171 Table 81 displays 
the historical data contained within the SC DHEC FY 2002–2006 annual solid waste 
management (SWM) reports.172 Note that the FY 2002 and FY 2003 reports did not provide 
information on the diversion of organic wastes in those years. 

                                                
169 SC DHEC, Division of Mining and Solid Waste Management. South Carolina Solid Waste Management Annual 
Report: Fiscal Year 2006. Accessed on December 13, 2007, from: 
http://www.scdhec.gov/environment/‌lwm/recycle/‌pubs/swmr_06.pdf 
170 U.S. EPA, Office of Solid Waste. Municipal Solid Waste in the United States: 2005 Facts and Figures, EPA530-
R-06-011. October 2006. Accessed on December 30, 2007, at: http://www.epa.gov/garbage/pubs/mswchar05.pdf 
171 “WAste Reduction Model (WARM).” Version 8, May 2006. Available at: 
http://www.epa.gov/climatechange//wycd/waste/calculators/WARM_home.html. EPA created WARM to help solid 
waste planners and organizations track and voluntarily report GHG emission reductions from several different waste 
management practices. WARM is available both as a Web-based calculator and as a Microsoft Excel spreadsheet. 
WARM calculates and totals GHG emissions of baseline and alternative waste management practices—source 
reduction, recycling, combustion, composting, and landfilling. The model calculates emissions in tCe, tCO2e, and 
energy units (MMBtu) across a wide range of material types commonly found in MSW. For an explanation of the 
methodology, see the EPA report Solid Waste Management and Greenhouse Gases: A Life-Cycle Assessment of 
Emissions and Sinks, EPA530-R-02-006, available at 
http://epa.gov/climatechange/‌wycd/waste/‌SWMGHGreport.html 
172 SC DHEC annual solid waste management reports for FY 2004–2006 are available at: 
http://www.scdhec.gov/‌environment/‌lwm/recycle/‌resource_center.htm; reports for FY 2002–2003 are available from 
SC DHEC upon request. 
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Table 81. Historical disposal, diversion, and generation data for South Carolina: FY 2002–
FY 2006 

Item 2002 2003 2004* 2005 2006 
Landfill disposal (tons) 2,921,378 3,059,022 3,111,627 3,219,645 3,239,763 

Waste to energy (incinerator 
disposal) (tons) 

208,626 201,146 227,802 227,031 224,506 

Diversion (tons) 1,262,331 1,318,119 965,916 1,222,098 1,510,409 

Diversion (%) 28.7% 28.8% 22.4% 26.2% 30.4% 

Recycling (tons) 1,262,331 1,318,119 775,408 929,454 1,234,596 

Recycling (%) 28.7% 28.8% 18.0% 19.9% 24.8% 

Composting (tons) N/A N/A 190,508 292,644 275,813 

Composting (%) N/A N/A 4.4% 6.8% 5.5% 

Total generation (tons) 4,392,335 4,578,287 4,305,345 4,668,774 4,974,678 

% Change  4.2% –6.0% 8.44% 6.6% 

Average Annual Change (%)     3.3% 

N/A = not applicable. 

*Per conversation with Richard Chesley of SC DHEC, data collection practices changed at DHEC, causing a shift in 
the waste management profile. This may lead to a conservatively low growth rate. 

Quantification Methods: 
GHG Benefits 
The GHG benefits resulting from increased recycling and composting in South Carolina are 
quantified by 

• Establishing BAU projections for landfill disposal, incineration, recycling, and composting; 
• Using the goals set forth by the TWG to project the policy scenario for waste management; 

• Using recycling data from the SC DHRC South Carolina Solid Waste Management Annual 
Report: Fiscal Year 2006 and national-level generation and disposal data from the EPA 
Municipal Solid Waste in the United States: 2005 Facts and Figures study, disaggregate the 
South Carolina recycling, composting, and disposal data; and 

• Inserting the resulting waste characterization for the baseline and policy scenarios into 
WARM to determine the incremental GHG benefit resulting from the goals set forth in this 
policy option. 

As reported, the baseline recycling and composting rates for MSW in South Carolina are 24.8% 
and 5.5%, respectively. Based on the change in MSW generation over the last 5 years, it is 
assumed that the BAU average annual increase in MSW generation is 3.31%. Additionally, it is 
assumed that 4.5% of MSW generated is managed at waste-to-energy incineration facilities. 
Population projections are consistent with those used in the development of the SC I&F. These 
assumptions are used to develop the BAU waste management scenario presented in Table 82. 
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Table 82. Business-as-usual waste management projections for South Carolina 

Item 2006 2010 2012 2015 2020 
MSW generation (3.31%/year growth 
2002–2005) 

4,974,678 5,666,755 6,048,103 6,668,778 7,847,983 

SC population (from SC I&F) 4,274,818 4,458,930 4,540,859 4,687,920 4,916,870 

MSW generation per capita 
(tons/person) 

1.16 1.27 1.33 1.42 1.60 

MSW recycled (tons) (24.8% of 
generation, not including organics) 

1,234,596 1,406,353 1,500,994 1,655,031 1,947,681 

MSW disposed in landfills (tons) 3,239,763 3,690,479 3,938,832 4,343,047 5,111,005 

Waste to energy (tons) (incineration, 
4.51% of generation) 

224,506 255,739 272,949 300,960 354,178 

Organic composting (tons) (5.54% of 
generation) 

275,813 314,184 335,327 369,740 435,119 

MSW = municipal solid waste; I&F = Inventory and Forecast. 
 
The policy goals set forth by the TWG are applied to the baseline recycling and composting 
tonnages to project future waste management under the policy scenario. The tons disposed 
through other management techniques (landfill and incineration) are filled in by assuming that 
the share of waste disposed managed by each remains constant. Table 83 shows the projected 
management of waste generated in South Carolina under the policy scenario. Table 84 shows the 
incremental waste diversion, or the difference between the policy and BAU scenarios. 

Table 83. Waste management projection for South Carolina, including policy goals (short 
tons) 

Item 2006 2010 2012 2015 2020 
MSW generation 4,974,678 5,666,755 6,048,103 6,668,778 7,847,983 

MSW recycled  1,234,596 1,504,244 1,814,431 2,125,673 2,746,794 

MSW disposed in landfills (after 
incremental recycling & composting) 

3,239,763 3,590,882 3,619,935 3,780,939 4,036,662 

Waste to energy (incineration, 7.96% of 
waste not recycled or composted) 

224,506 248,838 250,851 262,008 279,729 

Organic composting  275,813 322,791 362,886 500,158 784,798 

Table 84. Incremental diversion under policy goals (short tons) 

Item 2006 2010 2012 2015 2020 
Recycling  — 97,891 313,436 470,642 799,112 

Landfill disposal — –99,597 –318,897 –562,108 –1,074,343 

Waste to energy (incineration) — –6,902 –22,099 –38,952 –74,449 

Organic composting — 8,607 27,559 130,419 349,680 
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The national baseline composition of waste generated is used to develop the breakdown of waste 
generation for South Carolina by waste type.173 The waste types used for this analysis correspond 
to the disaggregated recycling information provided in the 2002–2006 South Carolina SWM 
annual reports and the inputs available for the WARM. Table 85 shows the waste generation 
characteristics of broad waste categories, and Table 86 shows the mix of generation by specific 
waste type within some of these categories. Again, these tables present national data that are 
assumed to adequately represent the South Carolina waste stream. 

Table 85. Waste generation characteristics, by category 

Category 
Baseline Generation Composition 

(BAU) 
Paper 34.2% 

Organics 25.0% 

Mixed plastic 11.8% 

Metals 7.6% 

Glass 5.5% 

Other 15.9% 

                                                
173 U.S. EPA, Office of Solid Waste. Municipal Solid Waste in the United States: 2005 Facts and Figures. EPA530-
R-06-011. October 2006. Accessed on December 30, 2007, at: http://www.epa.gov/garbage/pubs/mswchar05.pdf 
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Table 86. Waste generation characteristics, by waste type 

Waste Type 

 Baseline Generation 
Composition 

(BAU)  
% of Discarded Paper  

Corrugated cardboard 42.8% 

Magazines/third-class mail 9.9% 

Newspaper 14.4% 

Office paper 7.8% 

Phone books 0.8% 

Mixed paper, general 24.3% 

% of Discarded Organics  

Food waste 47.7% 

Yard trimmings 52.3% 

% of Discarded Plastics  

HDPE 25.9% 

LDPE 28.1% 

PET 11.8% 

Other (assumed mixed 
plastics) 34.2% 

% of Discarded Metals  

Aluminum cans 17.1% 

Steel 12.7% 

Mixed metals 70.2% 

BAU = business as usual; HDPE = high-density polyethylene; LDPE = low-density polyethylene; PET = polyethylene 
terephthalate. 
 
The mix of waste generation shown in Tables 85 and 86 is applied to the total waste generation 
in South Carolina. Next, the shares of waste recycled and composted (Table 87) within each of 
these categories are multiplied by the total amount of waste recycled (or composted for food 
waste and yard trimmings), to yield the amount of waste recycled or composted by waste type.174 

                                                
174 SC DHEC, Division of Mining and Solid Waste Management. South Carolina Solid Waste Management Annual 
Report: Fiscal Year 2006. Accessed on December 13, 2007, at: 
http://www.scdhec.gov/environment/‌lwm/recycle/‌pubs/‌swmr_06.pdf 
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Table 87. Recycled and composted waste characteristics, by category and waste type: FY 
2006  

Waste Type Tons Collected 
Fraction of Waste Collected and Recycled, by 

Waste Type 

Total Disposed 4,974,678 % of Total   

Landfill 3,239,763 65.1%   

Incinerator 224,506 4.5%   

Total Recycled 1,510,409 30.4%   

Total Recycled (excluding organics) 1,234,596 24.8% % of Recycled  

Paper 822,026 16.5% 66.6% % of Paper* 

Corrugated cardboard 453,956 9.1% 36.8% 55.2% 

Magazines/third-class mail 11,549 0.2% 0.9% 1.4% 

Newspaper 131,431 2.6% 10.7% 16.0% 

Office paper 58,917 1.2% 4.8% 7.8% 

Phone books 936 0.02% 0.1% 0.1% 

Mixed/other 165,238 3.3% 13.4% 20.1% 

Organics 275,813 5.5% N/A % of Organics 

Food waste 24 0.00% 0.00% 0.01% 

Yard trimmings 275,789 5.5% 22.3% 99.9% 

Plastic 20,380 0.4% 1.7% % of Plastic 

HDPE 6,887 0.1% 0.6% 33.8% 

LDPE 1,668 0.03% 0.1% 8.2% 

PET 2,504 0.05% 0.2% 12.3% 

Mixed/other 9,321 0.2% 0.8% 45.7% 

Metal 201,241 4.1% 16.3% % of Metal* 

Aluminum 34,791 0.7% 2.8% 17.3% 

Steel 2,817 0.1% 0.2% 1.4% 

Mixed/other 163,633 3.3% 13.3% 81.3% 

Glass 11,090 0.2% 0.9%  

Other (Mixed Recyclables) 179,859 3.6% 14.6%  

N/A = not applicable; HDPE = high-density polyethylene; LDPE = low-density polyethylene; PET = polyethylene 
terephthalate. 

*The FY 2005 percentages used are due to unusual results for FY 2006 in these categories. Tons collected were 
calculated from these percentages. 
 
Once the tonnages of waste generated, recycled, and composted are established, subtracting the 
waste generated for each waste type by the diversion for the corresponding waste type 
disaggregates the waste landfilled and incinerated. The shares of waste disposed that are 
landfilled and incinerated in FY 2006 are preserved throughout the policy period for both the 
BAU and the policy scenarios. Therefore, the waste disposed for each waste type is multiplied by 
93.5% to yield the tons of waste landfilled and 6.5% for the tons of waste incinerated.175 The 
                                                
175 (3,239,763 tons landfilled) / (3,239,763 tons landfilled + 224,506 tons incinerated) = 0.935. 
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results of this process are entered into WARM. The WARM inputs for 2020 are displayed in 
Tables 88 and 89. 

Table 88. 2020 baseline WARM inputs 

Material Tons Generated 
 Tons 

Recycled  
 Tons 

Landfilled  
 Tons 

Combusted176  
 Tons 

Composted  

Aluminum cans 101,992 54,886 44,053 3,053 N/A 

Steel cans 75,749 4,443 66,684 4,621 N/A 

Copper wire     N/A 

Glass 431,639 17,495 387,305 26,839 N/A 

HDPE 239,850 10,865 214,146 14,840 N/A 

LDPE 260,223 2,631 240,898 16,694 N/A 

PET 109,275 3,950 98,499 6,826 N/A 

Corrugated cardboard 1,148,756 716,154 404,567 28,035 N/A 

Magazines/third-class mail 265,717 18,219 231,459 16,039 N/A 

Newspaper 386,497 207,343 167,544 11,610 N/A 

Office paper 209,353 92,947 108,862 7,544 N/A 

Phonebooks 21,472 1,477 18,699 1,296 N/A 

Textbooks     N/A 

Dimensional lumber     N/A 

Medium-density fiberboard     N/A 

Food scraps 935,872 N/A 875,186 60,648 38 

Yard trimmings 1,026,124 N/A 552,740 38,303 435,081 

Grass  N/A    

Leaves  N/A    

Branches  N/A    

Mixed paper (general) 652,214 260,677 366,164 25,374 N/A 

Mixed paper (primarily 
residential) 

    N/A 

Mixed paper (primarily from 
offices) 

    N/A 

Mixed metals 418,706 258,146 150,155 10,405 N/A 

Mixed plastics 316,713 14,705 282,436 19,572 N/A 

Mixed recyclables 1,247,829 283,743 901,607 62,479 N/A 

Mixed organics  N/A    

Mixed MSW  N/A   N/A 

Carpet     N/A 

Personal computers     N/A 

Clay bricks  N/A  N/A N/A 

                                                
176 Assumes no preprocessing of waste (i.e., removal of metal and glass from the waste stream before combustion). 
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Material Tons Generated 
 Tons 

Recycled  
 Tons 

Landfilled  
 Tons 

Combusted176  
 Tons 

Composted  

Concrete    N/A N/A 

Fly ash    N/A N/A 

Tires     N/A 

WARM = [EPA’s] WAste Reduction Model; N/A = not applicable; HDPE = high-density polyethylene; LDPE = low-
density polyethylene; PET = polyethylene terephthalate; MSW = municipal solid waste. 

Table 89. 2020 policy WARM inputs 

Material 
Baseline 

Generation 
 Tons 

Recycled  
 Tons 

Landfilled  
 Tons 

Combusted177  
 Tons 

Composted  

Aluminum cans 101,992 77,405 22,994 1,593 N/A 

Steel cans 75,749 6,266 64,980 4,503 N/A 

Copper wire —    N/A 

Glass 431,639 24,674 380,592 26,374 N/A 

HDPE 239,850 15,323 209,977 14,551 N/A 

LDPE 260,223 3,711 239,889 16,624 N/A 

PET 109,275 5,571 96,984 6,721 N/A 

Corrugated cardboard 1,148,756 1,009,984 129,779 8,993 N/A 

Magazines/third-class mail 265,717 25,694 224,468 15,555 N/A 

Newspaper 386,497 292,414 87,986 6,097 N/A 

Office paper 209,353 131,082 73,199 5,072 N/A 

Phone books 21,472 2,083 18,133 1,257 N/A 

Textbooks —    N/A 

Dimensional lumber —    N/A 

Medium-density fiberboard —    N/A 

Food scraps 935,872 N/A 875,158 60,646 68 

Yard trimmings 1,026,124 N/A 225,750 15,644 784,730 

Grass — N/A    

Leaves — N/A    

Branches — N/A    

Mixed paper, broad 652,214 367,629 266,142 18,443 N/A 

Mixed paper, residential —    N/A 

Mixed paper, office —    N/A 

Mixed metals 418,706 364,060 51,104 3,541 N/A 

Mixed plastics 316,713 20,738 276,794 19,181 N/A 

Mixed recyclables 1,247,829 400,160 792,735 54,934 N/A 

Mixed organics — N/A    

Mixed MSW — N/A   N/A 

                                                
177 Assumes no preprocessing of waste (i.e., removal of metal and glass from the waste stream before combustion). 
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Material 
Baseline 

Generation 
 Tons 

Recycled  
 Tons 

Landfilled  
 Tons 

Combusted177  
 Tons 

Composted  

Carpet —    N/A 

Personal computers —    N/A 

Clay bricks — N/A  N/A N/A 

Concrete —   N/A N/A 

Fly ash —   N/A N/A 

Tires —    N/A 

WARM = [EPA’s] WAste Reduction Model; N/A = not applicable; HDPE = high-density polyethylene; LDPE = low-
density polyethylene; PET = polyethylene terephthalate; MSW = municipal solid waste. 
 
The results of the WARM analysis predict GHG benefits of 1.2 MMtCO2e in 2012 and 3.0 
MMtCO2e in 2020. Assuming the program implementation begins in 2010 and a linear increase 
in emission reductions between target years, the cumulative GHG benefit is estimated to be 20 
MMtCO2e through 2020 (Table 90). 

Table 90. Overall policy results—GHG benefits 

Year 

Avoided 
Emissions 
(MMtCO2e) 

Incremental Waste 
Diversion 

(tons) 

Incremental 
Composting 

(tons) 

Incremental 
Recycling 

(tons) 

Avoided Landfill 
Emplacement 

(tons) 

Avoided WTE 
Emplacement 

(tons) 
2009 — — — — — — 

2010 0.4 106,498 8,607 97,891 –99,597 –6,902 

2011 0.8 220,047 17,784 202,263 –205,786 –14,260 

2012 1.2 340,995 27,559 313,436 –318,897 –22,099 

2013 1.4 422,576 59,713 362,863 –395,190 –27,386 
2014 1.6 509,183 93,965 415,218 –476,185 –32,998 

2015 1.9 601,061 130,419 470,642 –562,108 –38,952 

2016 2.1 698,463 169,183 529,280 –653,198 –45,265 

2017 2.3 801,654 210,371 591,283 –749,702 –51,952 

2018 2.6 910,912 254,100 656,812 –851,879 –59,033 

2019 2.8 1,026,524 300,493 726,031 –959,999 –66,525 

2020 3.0 1,148,792 349,680 799,112 –1,074,343 –74,449 

Total 20.1 6,786,705 1,621,872 5,164,832 –6,346,884 –439,820 

MMtCO2e = million metric tons of carbon dioxide equivalent; WTE = waste-to-energy. 
 

Cost-Effectiveness 
Recycling—The net cost of increased recycling rates in South Carolina was estimated by adding 
the increased costs of collection for two-stream recycling, revenue obtained for the value of 
recycled materials, and avoided landfill tipping fees. The additional cost for separate curbside 
collection of recyclables is $2.50/household/month, or $30/household/year.178 Dividing this 
                                                
178 T. Brownell, Eureka Recycling, personal communication with S. Roe, CCS, December 17, 2007. This value 
compares favorably with data provided to the AFW TWG (T. Troolin, St. Louis County) on recycling costs incurred 
by Minnesota counties. 
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number by the incremental recycling per capita in 2020,179 and multiplying that number by the 
average household size of 2.53,180 yields the maximum collection cost of $21/ton. The capital 
cost of additional recycling facilities in South Carolina is $197 million.181 Annualized over the 
10-year policy period at 5% interest, the capital cost is $13 million/year. The avoided cost for 
landfill tipping is $36/ton.182 CCS also factored in the commodity value of recycled materials 
with a value of $38/ton.183 Table 91 provides the results of the cost analysis. The analysis 
assumes that costs begin to be incurred in 2010. The estimated cost savings result in an NPV of –
$87 million. Cumulative reductions are 20 MMtCO2e, and the estimated cost-effectiveness is –
$4/MtCO2e. 

Table 91. Cost analysis results for recycling 

Year 
Tons 

Recycled 

Annual 
Collection 

Cost 
(MM$) 

Annual 
Capital 

Cost 
(MM$) 

Annual 
Recycled 
Material 
Revenue 

(MM$) 

Landfill 
Tip Fees 
Avoided 
(MM$) 

Net Policy 
Cost 

(Recycling) 
(MM$) 

Discounted 
Costs 
(MM$) 

GHG 
Reductions 
(MMtCO2e) 

Cost- 
Effective-

ness 
($/tCO2e) 

2009 — $0 $0 $0 $0 $0 $0 —  
2010 97,891 $2 $13 $4 $4 $8 $7 0.4  

2011 202,263 $4 $13 $8 $7 $2 $2 0.8  

2012 313,436 $7 $13 $12 $11 –$4 –$3 1.2  

2013 362,863 $8 $13 $14 $13 –$7 –$5 1.4  

2014 415,218 $9 $13 $16 $15 –$9 –$7 1.6  

2015 470,642 $10 $13 $18 $17 –$12 –$9 1.8  

2016 529,280 $11 $13 $20 $19 –$15 –$11 2.1  
2017 591,283 $13 $13 $23 $21 –$19 –$13 2.3  

2018 656,812 $14 $13 $25 $24 –$22 –$14 2.5  

2019 726,031 $15 $13 $28 $26 –$26 –$16 2.7  

2020 799,112 $17 $13 $31 $29 –$30 –$17 3.0  

Total      –$134 –$87 20 –$4 

MM = million; MMtCO2e = million metric tons of carbon dioxide equivalent; $/tCO2e = dollars per metric ton of carbon 
dioxide equivalent. 
 

                                                
179 Population projection for 2020 from the SC I&F. 
180 U.S. Census Bureau. “State & County QuickFacts—South Carolina.” Accessed on February 5, 2008, at: 
http://quickfacts.census.gov/qfd/states/45000.html 
181 Based upon the ratio of capital cost per household used in the Vermont analysis. Vermont capital cost a result of 
personal communication between P. Calabrese (Cassella Waste Management) and S. Roe (CCS). 
182 SC DHEC, Division of Mining and Solid Waste Management. South Carolina Solid Waste Management Annual 
Report: Fiscal Year 2006. Accessed on December 13, 2007, at: 
http://www.scdhec.gov/‌environment/lwm/recycle/‌pubs/swmr_06.pdf 
183 RecycleNet Composite Index. “U.S. Municipal Recycling Index—Spot Market Prices: February 1, 2008.” 
Accessed on February 1, 2008, at: http://www.scrapindex.com/municipal.html. Adjusted to 2005$ using the 
calculator found at Federal Reserve Bank of Minneapolis. “What Is a Dollar Worth?” Consumer Price Index 
calculator. Available at: http://minneapolisfed.org/‌Research/data/us/calc/ 
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Composting—Composting is included in the total recycling volume in the South Carolina Solid 
Waste Management Annual Report: Fiscal Year 2006. However, as WARM considers the sole 
form of diversion for yard trimmings and food waste to be composting, the tons of these items 
that are “recycled” are assumed to be composted. The net costs for increased composting in 
South Carolina were estimated by adding the additional costs for collection (same calculation as 
recycling) and the net cost for composting operations. The net cost for composting operations is 
the sum of the annualized capital and operating costs of composting, increased collection fees, 
revenue generated through the sale of compost, and the avoided tipping fees for landfilling. 
Information on the capital and operating costs of composting facilities was received from 
Cassella Waste Management during the analysis of a similar option in Vermont.184 These data 
are summarized in Table 92. 

Table 92. Capital and operating costs of composting facilities 

Annual Volume 
(tons) 

Capital Cost 
($1,000) 

Operating Cost 
($/ton) 

< 1,500 $75 $25 

1,500–10,000 $200 $50 

10,000–30,000 $2,000 $40 

30,000–60,000+ $8,000 $30 
 
CCS assumed that the composting facilities to be built within the policy period would tend to be 
from the largest category (achieving the most efficient operating costs) shown in Table 88. The 
composting volumes in 2012 and 2020 shown in Table 89 suggest the need for one additional 
large composting operation by 2012 and seven additional large operations by 2020. To annualize 
the capital costs of these facilities, CCS assumed a 15-year operating life and a 5% interest rate. 
Other cost assumptions include an assumed landfill tipping fee of $36/ton,185 an additional 
source-separated organics collection fee of $2.50/household (or $51/ton, as used above in the 
recycling element), a compost facility tipping fee of $16/ton,186 and a compost value of 
$11.75/ton.187 

                                                
184 P. Calabrese (Cassella Waste Management), personal communication with S. Roe (CCS) June 5, 2007. Because 
the cost was not originally specified in terms of 2007$, assume the cost to be valid for 2005. 
185 SC DHEC, Division of Mining and Solid Waste Management. South Carolina Solid Waste Management Annual 
Report: Fiscal Year 2006. Accessed on December 13, 2007, at: 
http://www.scdhec.gov/environment/lwm/‌recycle/‌pubs/swmr_06.pdf  
186 D. Emerson. “Latest Trends in Yard Trimmings Composting.” Biocycle 2005:46(9):22. Accessed on February 5, 
2008, at: http://www.jgpress.com/archives/_free/000527.html. This tipping fee is for Mecklenburg County, North 
Carolina. Because this county is in close proximity to South Carolina, it is assumed that the compost tipping fees 
will be similar in South Carolina. 
187 The 2004 price of $10/yard was obtained from C. Coker and N. Goldstein. “Characterizing the Composting 
Industry.” Biocycle December 2004;45(12):20. Accessed on February 5, 2008, at: 
http://www.jgpress.com/archives/_free/000324.html. Assuming a dry solids content of 55% and a bulk density of 
0.5 tons/yard, the value of composted material was calculated to be $11/ton of initial feedstock. Adjusting for 2005$ 
yields a price of $11.75/ton. 
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Table 93 presents the results of the cost analysis for composting. GHG reductions were assumed 
not to begin until 2010, and the cumulative reductions estimated were 0.4 MMtCO2e. An NPV of 
$43 million was estimated, along with a cost-effectiveness of $89/tCO2e. 

Table 93. Cost analysis results for composting 

Year 

Annua
l Cost 
O&M 
($MM) 

Capita
l Cost 
($MM) 

Annualiz
ed 

Capital 
Cost 

($MM) 

Annual 
Collectio

n Cost 
($MM) 

Avoided 
Landfill 
Tipping 

Fees 
($MM) 

Value of 
Compost

ed 
Material 
($MM) 

Tons of 
Waste 

Compos
ted 

Total 
Annual 

Compostin
g Cost 
($MM) 

Discount
ed Costs 

($MM) 

GHG 
Reductio

ns 
(MMtCO2

e) 

Cost- 
Effectiv
e-ness 

($/t) 
2009 $0 $0 $0 $0 $0 $0 — $0 $0 —  

2010 $0 $8 $1 $0 $0 $0 8,607 $1 $1 0.00  

2011 $1 $0 $1 $0 $0 $0 17,784 $1 $1 0.01  

2012 $1 $0 $1 $1 $1 $0 27,559 $1 $1 0.01  

2013 $2 $8 $2 $1 $1 $1 59,713 $3 $2 0.02  

2014 $3 $8 $2 $2 $2 $1 93,965 $4 $3 0.03  

2015 $4 $0 $2 $3 $3 $2 130,419 $5 $4 0.04  

2016 $5 $8 $3 $4 $3 $2 169,183 $6 $5 0.05  

2017 $6 $8 $4 $4 $4 $2 210,371 $8 $5 0.06  

2018 $8 $8 $5 $5 $5 $3 254,100 $10 $6 0.07  

2019 $9 $8 $5 $6 $6 $4 300,493 $11 $7 0.09  

2020 $10 $8 $6 $7 $7 $4 349,680 $13 $8 0.10  

Total         $43 0.5 $89 

MM = million; MMtCO2e = million metric tons of carbon dioxide equivalent; $/t = dollars per metric ton. 
 
The overall cost analysis, as seen in Table 94, yields an NPV of –$1,117 and a cost-effectiveness 
of –$6, based on the cumulative emission reductions of 183 MMtCO2e. 
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Table 94. Overall policy results—cost-effectiveness 

Year 

 Net Program Cost: 
Recycling 

($MM)  

Net Program Cost: 
Composting 

($MM) 

Total Net 
Program Cost 

($MM) 
Discounted Cost 

($MM) 
Cost- Effectiveness 

($/tCO2e) 
2009 $0 $0 $0 $0  

2010 $8 $1 $9 $8  

2011 $2 $1 $3 $3  

2012 –$4 $1 –$3 –$2  

2013 –$7 $3 –$4 –$3  

2014 –$9 $4 –$5 –$4  

2015 –$12 $5 –$7 –$6  

2016 –$15 $6 –$9 –$6  

2017 –$19 $8 –$11 –$7  

2018 –$22 $10 –$13 –$8  

2019 –$26 $11 –$15 –$9  

2020 –$30 $13 –$17 –$10  

Total    –$44 –$2 
 
Key Assumptions: For the MSW management input data to WARM, the key assumption is that 
none of the goals would be achieved via existing programs in place. To the extent that those 
programs will fully or partly achieve the goals of this policy, the GHG reductions estimated 
would be lower (no additional penetration from the current South Carolina recycling and 
composting campaigns has been incorporated into the BAU assumptions for this analysis). 
Therefore, the most important assumption relates to the assumed BAU projection for solid waste 
management. This BAU forecast is based on current practices and does not factor in the effects 
of further gains in recycling or composting rates during the policy period. The BAU assumptions 
are needed to tie into the assumptions used to develop the GHG forecast for the waste 
management sector, which does not factor in these changes in waste management practices 
during the policy period (2008–2020). To the extent that these gains in recycling and composting 
would occur without this policy, the benefits and costs are overstated. 

The other key assumptions relate to the use of WARM in estimating life cycle GHG benefits and 
the use of the stated assumptions regarding costs for increased source reduction, recycling, and 
organics recovery (composting in this example) programs. 

Another important assumption is that under BAU, the waste directed to landfilling would include 
methane recovery (75% collection efficiency) and utilization. The need for this assumption is 
partly based on limitations of WARM (which doesn’t allow for management of landfilled waste 
into both controlled and uncontrolled landfills), but is also based on the overall direction of the 
policy recommendations of AFW-8. 

Additionally, transportation emissions for WARM are taken as default. This analysis has not 
considered the impacts of reduced exports as a result of the goals in this option’s Policy Design 
section. 
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The cost estimates do not include cost savings that would be achieved through avoiding the need 
for additional waste-to-energy (WTE) plants. 

Key Uncertainties 
A great deal of waste is grouped into the “mixed” categories, so that it can be included in the 
WARM modeling. WARM assumes that mixed waste is congruent with the average mix of all 
wastes recycled in that category (metals, plastics, etc.). Therefore, the accuracy of the modeling 
could be greatly improved if the waste types were expanded to allow less common recycled 
waste types, and the “mixed” categories were standardized to the South Carolina average. 

Additional Benefits and Costs 
Cost avoidance—The need for and timing of new landfill facilities and/or WTE plants are 
reduced as the recycling rate increases for MSW, commercial/industrial wastes, and C&D waste. 

Increased recycling on a state and regional level can create a supply of “old/new” materials for 
conversion by a variety of manufacturing industries. The increase in recycled material could also 
reduce the systems cost of this material, thus encouraging further growth in the recycled 
materials market. In addition to the new businesses that are created to serve the needs of the 
recycled materials market, the increased use of recycled materials may reduce carbon emissions 
as less virgin materials are needed/converted. 

Increased emphasis on recycling at the residential, commercial, and industrial levels is a highly 
visible activity that can act as a catalyst to increase overall awareness of the climate change 
issue, thus leading to other personal and company initiatives to reduce the level of carbon 
emissions. Recycling activity at the residential level can lead to other “green” family actions, 
such as reduced home energy consumption and driving. Likewise, at the company level, it can 
lead to green manufacturing assessments or other green operational initiatives. 

Feasibility Issues 
At the request of the CECAC, CCS completed an additional analysis of the effects of increased 
waste diversion in South Carolina, with the goal of increasing recycling by 50% by 2020. CCS 
assumed an intermediate target of 35% in 2012. 

As a result of the increase in the recycling goal, the assumptions based on state- and national-
level waste generation and diversion characterization cause the model to predict “negative” 
quantities of waste landfilled for a few waste types. This is remedied by the use of logical 
arguments within Excel that do not allow more tons of a certain waste type to be diverted than 
are generated. To ensure that the desired quantity of waste is diverted, the remainder of waste 
diversion for these waste types is assumed to be recycled under the category “Other (Mixed 
Recyclables).” 

The results of this analysis yield a cumulative recycling GHG reduction of 44 MMtCO2e and a 
cost-effectiveness of –$9/tCO2e. The cost-effectiveness is different from that of the 35% goal 
analysis because the change in waste profile (i.e., a larger proportion of recycled tons entered 
under “Other [Mixed Recyclables]”) led WARM to produce a different result than if the profile 
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were unchanged. The cumulative GHG benefit related to composting is 0.5 MMtCO2e, and the 
cost-effectiveness is $70/tCO2e. 

The overall policy results show estimated GHG benefits of 2.3 and 7.1 MMtCO2e in 2012 and 
2020, respectively, and a cumulative benefit of 45 MMtCO2e through 2020. The NPV is –$349 
million, and the cost-effectiveness is –$8/tCO2e. 

Status of Group Approval 
Complete. 

Level of Group Support 
Unanimous. 

Barriers to Consensus 
Not applicable. 
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AFW-9. Waste-to-Energy Reclamation 

Policy Description 
This policy option promotes the use of anaerobic digesters and energy recapture for organic 
waste materials (e.g., food processing waste, yard waste, other organics). (Note the linkage to 
AFW-2, whereby some organics from this waste stream could be co-managed with livestock 
wastes, and to the AFW-8 composting goals.) For waste that is landfilled, this option promotes 
the use of landfill gas-to-energy (LFGTE) projects. 

Anaerobic digesters make a two-fold contribution to climate protection: the usual unchecked 
discharge of methane into the atmosphere is prevented, and the burning of fossil fuels is replaced 
with clean, renewable energy (biogas). Under this policy, the clean, renewable energy created at 
landfills by anaerobic digesters is used to make electric power, space/process heat, and 
liquefied/compressed natural gas. Note that this policy is not promoting waste combustion-to-
energy projects. 

Note: This AFW option is related to ES-1 (Study the Energy Options for Portfolio Standards). 
Any overlap with the ES option will be addressed in the cumulative analysis by the ES TWG. No 
GHG benefits will be subtracted from the AFW cumulative analysis. 

Policy Design 
Goals: Increase the number of uncontrolled MSW landfills recovering methane as an energy 
source, such that 50% of the landfill gas being generated at uncontrolled landfill sites is 
controlled by 2020. This can be achieved by developing additional LFGTE and anaerobic 
digester projects. 

Timing: By 2012, implement LFGTE/digester projects at currently uncontrolled landfills or 
other sites, such that 20% of the methane released at these sites is recovered as an energy source. 
By 2020, achieve full implementation of the policy. 

Parties Involved: Municipal and county governments, private solid waste management 
companies, local economic development agencies, SC DHEC, SC DOC, SCEO, NGOs, and 
public interest groups. 

Other: No distinction is made between the direct use of landfill methane (e.g., for heat or steam) 
and the use of methane for electricity generation. SCEO is a State Partner of the EPA Landfill 
Methane Outreach Program (LMOP). Through this partnership, it was determined that 30 
landfills in South Carolina can potentially recover methane as an energy source. Based on 
current LMOP data, however, only 5 sites are generating electricity from landfill methane. 
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According to the 15th edition of The State of Garbage in America, of the 3.2 million tons of 
MSW landfilled in South Carolina in 2004, 228,000 tons of waste were recovered for energy.188 

Implementation Mechanisms 
None identified. 

Related Policies/Programs in Place 
South Carolina alternative energy bills establish tax incentives for industrial purchase of 
equipment to use landfill gas. The state legislature passed S. 1245, providing manufacturers with 
tax credits for 25% of cost of LFGTE equipment.189 

A state-owned utility is currently producing approximately 20 MW of electricity in South 
Carolina from landfill methane gas. South Carolina has six existing landfill methane-to-energy 
facilities. One facility provides power directly for manufacturing processes. More are in the 
pipeline. 

Type(s) of GHG Reductions 
Methane Destruction—Flaring or production of energy from landfill gas results in the 
destruction of methane. 

GHGs Reduced via Fossil Fuel Reductions—Use of landfill gas for generating heat/steam or 
electricity can offset fossil fuel use (e.g., natural gas, coal), which will reduce emissions of CO2, 
CH4, and N2O from the combustion of fossil fuels. 

Estimated GHG Reductions and Net Costs or Cost Savings 
GHG Reduction Potential in 2012, 2020 (MMtCO2e): 0.41, 1.0, respectively. 

Net Cost per tCO2e: $0.03. 

Data Sources: Data on current landfill operations using methane recovery for energy generation 
(direct or electric) are taken from the EPA LMOP Web site.190 Baseline landfill gas emissions 
are consistent with the SC I&F.191 CCS used the results of LFGTE cost modeling performed for 

                                                
188 P. Simmons, N. Goldstein, S.M. Kaufman, N.J. Themelis, and J. Thompson, Jr. The State of Garbage in America. 
15th Nationwide Survey of Municipal Solid Waste Management in the United States. A joint study by BioCycle and 
Columbia University Earth Engineering Center. April 2006. Accessed on August 24, 2007, at: 
http://www.seas.‌columbia.edu/earth/‌wtert/sofos/Simmons_SOG06.pdf 
189 South Carolina General Assembly. 116th Session, 2005–2006. Senate Bill 1245. March 14, 2006. Available at: 
http://www.scstatehouse.net/sess116_2005-2006/prever/1245_20060330.htm 
190 U.S. EPA, Landfill Methane Outreach Program. LMOP Database—South Carolina. Available at: 
http://www.epa.gov/landfill/proj/xls/lmopdatasc.xls 
191 SC I&F, available at: http://www.scclimatechange.us 
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a similar policy analysis with EPA’s LFG cost model (LFGcost) to estimate the costs for this 
policy element.192 

Quantification Methods: 
GHG Benefits 
As the goal stated in the above Policy Design section requires control of methane emissions 
specifically from uncontrolled landfills, CCS is able to use the emission estimates for 
uncontrolled landfills from the SC I&F as the baseline emission scenario. As emissions from 
uncontrolled landfills are controlled, three GHG benefits are realized: the conversion of landfill 
methane to CO2, the displacement of grid-based electricity, and the displacement of fossil fuel 
combustion for direct heat.193 The first benefit is calculated by multiplying the baseline CH4 
emissions from uncontrolled landfills from the SC I&F by the landfill gas control goal set by the 
TWG. The second benefit (offset electricity) is found by converting the methane captured from 
tCO2e units to cubic meters of gas, then calculating the electricity generated and the emissions 
offset through avoided grid-based generation.194 The third GHG benefit is calculated by 
multiplying the fraction of captured landfill gas combusted for direct use by the quantity of 
landfill gas captured under this policy option, assuming that an equal amount of natural gas is not 
combusted for direct heat use. The estimated GHG benefits in 2012 and 2020 are 0.4 and 1.0 
MMtCO2e, respectively. The cumulative GHG benefit through 2020 is estimated to be 7 
MMtCO2e. Table 95 depicts the results of these calculations. 

Table 95. Overall policy results—GHG benefit 

Year 

Methane 
Control 

Goal 

CH4 
Emissions 

From 
Uncontrolled 

Landfills 
(tCO2e) 

GHG 
Benefit: 

CH4 
Reduction 

From 
Methane 
Control 

(MMtCO2e) 

CH4 
Controlled 

(m3CH4) 

Electricity 
Generated 

(MWh) 

GHG 
Benefit: 
Avoided 

Electricity 
Production 
(MMtCO2e) 

 Electricity 
Emissions 
Factor from 

SC I&F 
 (tCO2e/ 
MWh)  

GHG 
Benefit: 
Avoided 

Natural Gas 
Combustion 

for Direct 
Use 

(MMtCO2e) 

Total GHG 
Benefit 

(MMtCO2e) 
2008 0.0% 1,798,640 — — — — 0.4 — — 

2009 5.0% 1,801,607 0.1 3,431,632 7,783 0.00 0.4 0.0 0.1 

2010 10.0% 1,804,579 0.2 6,874,587 15,591 0.01 0.4 0.0 0.2 

2011 15.0% 1,807,556 0.3 10,328,891 23,425 0.01 0.4 0.0 0.3 

2012 20.0% 1,810,538 0.4 13,794,574 31,285 0.01 0.4 0.0 0.4 

2013 23.8% 1,813,525 0.4 16,408,080 37,213 0.01 0.4 0.0 0.5 

                                                
192 U.S. EPA, Landfill Methane Outreach Program. Landfill Gas Energy Cost Model (LFGcost), Version 1.4. 
“Summary Report, Pechan for NC GHG Mitigation Plan—Scenario 4, LFGE Project Type: Standard Reciprocating 
Engine-Generator Set,” March 2, 2007, and 

“Summary Report, Pechan for NC GHG Mitigation Plan—Scenario 2, No Section 45 Tax Credit LFGE Project 
Type: Small Engine-Generator Set,” March 2, 2007, and 

“Summary Report, Pechan for NC GHG Mitigation Plan—Scenario 1, LFGE Project Type: Direct Use (0.5 mile 
pipeline),” March 2, 2007.  
193 Assumed to be natural gas. 
194 (Fraction of landfill gas used for electricity generation) × (CH4 captured in MtCO2e) × (1 MtCH4 / 21 MtCO2e) × 
(1 m3CH4 / 0.00125 MtCH4) × (0.00254 MWh / m3CH4) × (4.15 × 10-7 MMtCO2e / MWh).  
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Year 

Methane 
Control 

Goal 

CH4 
Emissions 

From 
Uncontrolled 

Landfills 
(tCO2e) 

GHG 
Benefit: 

CH4 
Reduction 

From 
Methane 
Control 

(MMtCO2e) 

CH4 
Controlled 

(m3CH4) 

Electricity 
Generated 

(MWh) 

GHG 
Benefit: 
Avoided 

Electricity 
Production 
(MMtCO2e) 

 Electricity 
Emissions 
Factor from 

SC I&F 
 (tCO2e/ 
MWh)  

GHG 
Benefit: 
Avoided 

Natural Gas 
Combustion 

for Direct 
Use 

(MMtCO2e) 

Total GHG 
Benefit 

(MMtCO2e) 
2014 27.5% 1,816,516 0.5 19,030,171 43,159 0.02 0.4 0.1 0.6 

2015 31.3% 1,819,513 0.6 21,660,869 49,126 0.02 0.4 0.1 0.6 

2016 35.0% 1,822,515 0.6 24,300,195 55,111 0.02 0.4 0.1 0.7 

2017 38.8% 1,825,521 0.7 26,948,170 61,117 0.02 0.4 0.1 0.8 

2018 42.5% 1,828,533 0.8 29,604,815 67,142 0.02 0.4 0.1 0.9 

2019 46.3% 1,831,549 0.8 32,270,152 73,187 0.03 0.3 0.1 1.0 

2020 50.0% 1,834,571 0.9 34,944,202 79,251 0.03 0.3 0.1 1.0 

Totals  23,615,162 6 239,596,338 543,390 0.2  0.7 7 

CH4 = methane; tCO2e = metric tons of carbon dioxide equivalent; MMtCO2e = million metric tons of carbon dioxide 
equivalent; m3CH4 = cubic feet of methane; MWh = megawatt-hours. 

Cost-Effectiveness 
Using the results from a previous LFGcost model run, the costs of this option are estimated 
based on whether the methane is converted to usable energy by a small engine, through direct 
use, or a large engine (800 kW and greater).195 CCS assumes that the current share of each of the 
three energy conversion techniques remains constant as uncontrolled sites are converted to 
control sites to meet the policy goal (Table 96). As of the latest LMOP data output, however, 
South Carolina employed the use of one direct thermal LFGTE converter and four large 
electricity-generating units.196 

                                                
195 U.S. EPA, Landfill Methane Outreach Program, Landfill Gas Energy Cost Model (LFGcost), Version 1.4. 
“Summary Report, Pechan for NC GHG Mitigation Plan—Scenario 4, LFGE Project Type: Standard Reciprocating 
Engine-Generator Set,” March 2, 2007, and 

“Summary Report, Pechan for NC GHG Mitigation Plan—Scenario 2, No Section 45 Tax Credit LFGE Project 
Type: Small Engine-Generator Set,” March 2, 2007, and 

“Summary Report, Pechan for NC GHG Mitigation Plan—Scenario 1, LFGE Project Type: Direct Use (0.5 mile 
pipeline),” March 2, 2007.  
196 U.S. EPA, Landfill Methane Outreach Program. “Landfill Gas Energy Projects and Candidate Landfills.” 
Accessed on January 28, 2008, at: http://www.epa.gov/lmop/proj/index.htm 
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Table 96. LFGcost modeling results 

EPA LFGcost Modeling Data 

Scenario 1 
Direct Use 

(0.5-mi. pipeline) 

Scenario 2 
Small Engine 

(< 800 kW) 

Scenario 3 
Standard Engine  

(> 800 kW) 
Total capital $621,573 $753,365 $2,612,674 

Average annual O&M $105,474 $102,141 $335,475 

Annualized costs $198,088 $214,392 $724,763 
Annual revenue $219,870 $70,020 $631,620 

Annual average reductions (MMtCO2e) 0.02 0.02 0.09 

Project reductions (MMtCO2e) 0.4 0.3 1.3 

Cost-effectiveness ($/tCO2e) –$0.8 $2.7 $0.2 

Net present value (NPV) –$296,892 $923,637 $200,660 

Blended cost-effectiveness (South Carolina)    

Baseline share of methane control in South Carolina 11% — 89% 

Fractional cost-effectiveness ($/tCO2e) –$0.09 — $0.14 
Average Cost-Effectiveness ($/tCO2e) $0.05 

EPA = U.S. Environmental Protection Agency; LFG = landfill gas; kW = kilowatts; O&M = operations and 
maintenance; MMtCO2e = million metric tons of carbon dioxide equivalent; $/tCO2e = dollars per metric ton of carbon 
dioxide equivalent. 
 
The average cost-effectiveness ($0.05/tCO2e) is multiplied by the GHG benefit calculated in the 
GHG Benefit section for each year to determine the cost-effectiveness of this policy option 
(Table 97). The NPV of costs incurred through the implementation of this option is $0.2 million, 
and the discounted cost-effectiveness is $0.03/tCO2e (assumes no escalation of costs during the 
policy period). 
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Table 97. Overall policy results—cost-effectiveness 

Year 

Avoided 
Emissions 
(MMtCO2e) 

Annual 
Costs 
(MM$) 

Discounted 
Costs 
(MM$) 

Cost- 
Effective-

ness 
($/tCO2e) 

2008 – $0.0 $0.0  

2009 0.1 $0.0 $0.0  

2010 0.2 $0.0 $0.0  

2011 0.3 $0.0 $0.0  
2012 0.4 $0.0 $0.0  

2013 0.5 $0.0 $0.0  

2014 0.6 $0.0 $0.0  

2015 0.6 $0.0 $0.0  

2016 0.7 $0.0 $0.0  

2017 0.8 $0.0 $0.0  

2018 0.9 $0.0 $0.0  

2019 1.0 $0.0 $0.0  
2020 1.0 $0.0 $0.0  

Total 7.0 $0.3 $0.2 $0.03 

MMtCO2e = million metric tons of carbon dioxide equivalent; MM = million; $/tCO2e = dollars per metric ton of carbon 
dioxide equivalent. 
 
Key Assumptions: The analysis does not factor in the closure of specific landfills or the 
adoption of LFG controls at specific landfills. Modeling GHG emissions and reductions at 
individual sites is beyond the scope of this analysis; however, the approach used is consistent 
with the methods used to develop the GHG forecast for the waste management sector. 

Each of the cost inputs above contains key assumptions; additional study of these inputs could 
reduce the associated uncertainty in the cost estimates. 

Key Uncertainties 
None identified. 

Additional Benefits and Costs 
None identified. 

Feasibility Issues 
None identified. 

Status of Group Approval 
Complete. 

Level of Group Support 
Unanimous. 
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Barriers to Consensus 
Not applicable. 
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AFW-10. Water and Wastewater Energy Efficiency Improvements 

Policy Description 
The collection and treatment of wastewater and the treatment and delivery of drinking water cost 
around $4 billion per year and make up 3% of the nation’s energy use. Achieving the goal of a 
10%–25% improvement in energy efficiency would produce a savings of $400 million to $1 
billion, which translates into energy savings of 5–12.5 billion kWh. The improved energy 
efficiency would also help to reduce GHG emissions. Most facilities that carry out these 
operations were designed during periods of lower energy costs and/or did not adequately 
consider the release of GHG emissions to the environment. Simple improvements, such as 
replacing older equipment, can produce savings. Organizations like the American Water Works 
Association (AWWA), Research Foundation, and EPA have launched initiatives to improve 
energy efficiency. The AWWA Research Foundation launched the National Municipal Water 
and Wastewater Facility Initiative in December 2004, and EPA launched the ENERGY STAR 
wastewater program in 2007. 

Note: This AFW policy option is related to RCI-6 (Incentives and Policies for Improving 
Building Efficiency, Including Building Energy Codes). However, as the AFW-1 mechanism is 
not prescriptive as to where the electricity reductions must come from, no overlap between these 
two options is counted. 

Policy Design 
Goals: Develop an energy conservation, management, and efficiency plan to increase the energy 
efficiency of plant operations by 25%. Use wastewater digester gas to produce energy where 
feasible. 

Timing: Energy efficiency improvements of 15% by 2012 and 25% by 2020. 

Parties Involved: Municipal and private/investor-owned water and wastewater treatment 
operators, EPA’s ENERGY STAR program, and the AWWA Research Foundation. 

Other: Not applicable. 

Implementation Mechanisms 
Policy design considerations include compliance with current drinking water standards and water 
quality standards for wastewater for discharge to streams/rivers and other water bodies. 

The efficiency improvements will come from some or all of the following steps: (1) variable-
frequency drives on any machine that has a variable load; (2) efficient motor systems; 
(3) efficient, high-performance lighting in these facilities; (4) maintenance plans for heating, 
cooling, and ventilation; and (5) proper monitoring of dissolved oxygen. 
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Related Policies/Programs in Place 
South Carolina offers tax incentives for residential and business purchase of solar heating and 
cooling systems. The tax credit for such equipment is 25% of the installation cost, with a $3,500 
annual tax credit limit (any amount over the tax can be rolled over to subsequent years). While 
not specific to wastewater and water treatment facilities, this credit may be redeemed by 
operators of such facilities who install the necessary solar systems. However, as this is not a 
program specific to wastewater and water treatment facilities, this credit has not been included in 
the baseline quantification. 

Type(s) of GHG Reductions 
CO2: A portion of electricity used by wastewater treatment plants (WWTPs) in South Carolina is 
generated through the combustion of fossil fuels, a process that releases CO2 into the 
atmosphere. Additionally, methane combusted on site for the purposes of flaring or energy 
generation releases CO2, as well as small amounts of CH4 and N2O. However, since CO2 has a 
lower global warming potential than CH4, the practice of combusting methane at WWTPs results 
in a net reduction of GHGs when expressed in CO2e. 

CH4: WWTPs that utilize anaerobic digestion as a method of wastewater treatment emit 
methane. However, as this analysis will show, there is a potential for facilities to capture this 
methane and combust it to produce heat and electricity. 

Estimated GHG Reductions and Net Costs or Cost Savings 
GHG Reduction Potential in 2012, 2020 (MMtCO2e): 0.16, 0.18, respectively. 

Net Cost per MtCO2e: –$21. 

Data Sources: This analysis relied on data from EPA’s Clean Watershed Needs Survey 
(CWNS).197 This survey reports the existing flow, projected flow, and population receiving 
treatment during 2004. These data were applied to aggregate South Carolina population data 
from the draft SC I&F.198 Data regarding the cost and efficiency of specific technologies were 
compiled from various sources—mostly case studies. There is a lack of data regarding specific 
energy requirements for WWTPs in South Carolina. 

Quantification Methods: 
GHG Benefit 
Electricity demand for WWTPs is measured using the CWNS 2004 data to determine the million 
gallons-per-day (MGD) discharge rate for all residents served by the surveyed facilities. The 
CWNS data set shows the existing municipal wastewater flow for 2004 was 394 MGD, while the 
system was designed to treat a maximum flow of 527 MGD. While the population generating 
wastewater for treatment at a centralized facility is an available data point, it is difficult to 
project this population into the future. Rather, CCS considers the per capita influent flow rate to 
                                                
197 U.S. EPA. Clean Watersheds Needs Survey. “Select CWNS 2004 Data of Interest: Ask WATERS Simple Query 
Tool.” Available at: http://www.epa.gov/cwns/2004data.htm 
198 SC I&F, available at: www.scclimatechange.us 
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be equal to the existing municipal wastewater flow for 2004, divided by the 2004 South Carolina 
population. The result of this quotient is multiplied by the population projection used in the SC 
I&F to yield the per-capita flow rate of 9.4 × 10-5 MGD/capita. 

Next, the energy use per million gallons is determined from the median of a survey of 12 
WWTPs (2,286 kWh/MG).199 The annual BAU WWTP electricity consumption is estimated by 
taking the product of the per-capita discharge rate, the projected population, and the electricity 
use (in kWh/MG treated). The electricity emission factor is from the SC I&F.200 The avoided 
emissions from electricity savings is determined by multiplying the annual efficiency 
improvement targets by the annual BAU WWTP electricity consumption and the annual 
electricity emission factor (Table 98). 

Table 98. GHG benefit from reduced electricity consumption 

Year Population  

Annual BAU 
WWTP Electricity 

Consumption 
(kWh) 

Efficiency 
Improvement 

Reduced Electricity 
Consumption 

(kWh) 

Avoided 
Emissions From 

Electricity 
(MMtCO2e) 

2008 4,365,903 343,264,191 0% — — 

2009 4,412,172 346,901,968 4% 13,008,824 0.01 

2010 4,458,930 350,578,296 8% 26,293,372 0.01 

2011 4,499,708 353,784,421 11% 39,800,747 0.02 

2012 4,540,859 357,019,868 15% 53,552,980 0.02 

2013 4,582,386 360,284,903 16% 58,546,297 0.02 
2014 4,624,293 363,579,797 18% 63,626,465 0.03 

2015 4,687,920 368,582,374 19% 69,109,195 0.03 

2016 4,732,841 372,114,223 20% 74,422,845 0.03 

2017 4,778,192 375,679,915 21% 79,831,982 0.03 

2018 4,823,978 379,279,774 23% 85,337,949 0.04 

2019 4,870,202 382,914,128 24% 90,942,105 0.04 

2020 4,916,870 386,583,307 25% 96,645,827 0.04 

Total     0.3 

BAU = business as usual; WWTP = wastewater treatment plant; kWh = kilowatt-hours; MMtCO2e = million metric tons 
of carbon dioxide equivalent. 
 
Any use of anaerobic digestion to reduce energy use and generate energy on site will reduce 
emissions from both the conversion of CH4 to CO2 and the offset of grid-based electricity. This 
assumes a process change from an aerobic to an anaerobic treatment. It is further assumed that 
methane that would have been emitted by an aerobic digester is captured and converted to CO2 
through combustion. 

                                                
199 SBW Consulting, Inc. Energy Benchmarking Secondary Wastewater Treatment and Ultraviolet Disinfection 
Processes at Various Municipal Wastewater Treatment Facilities. San Francisco, CA: Pacific Gas and Electric 
Company, February 28, 2002. Available at: http://www.cee1.org/ind/mot-sys/ww/pge2.pdf 
200 SC I&F, available at: http://www.scclimatechange.us 
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A publication from the EPA Combined Heat and Power Partnership states that a wastewater 
treatment facility should generally have a flow of 5 MGD for combined heat and power (CHP) to 
be economically viable.201 Based on the data from the CWNS, 63% of the municipal wastewater 
flow in South Carolina is a candidate for CHP. The net electricity savings from the CHP system 
is 36%.202 As CHP is a mid-range technical option, the installation of such systems is assumed to 
begin in 2012. Table 99 displays the GHG benefit that may be achieved through the full adoption 
of CHP at candidate facilities through 2020. 

Table 99. GHG benefit of combined heat and power at wastewater treatment facilities 

Year 

WWTF 
Methane 

Emissions 
(MMtCO2e) 

GHG Emissions 
Avoided Through 

Conversion of 
Methane to CO2 

(MMtCO2e) 

Electricity 
Demand 
Reduced 

Due to CHP 
(kWh) 

Electricity 
Emissions 

Factor from SC 
I&F 

(tCO2e/MWh) 

GHG Emissions 
Reductions From 

Electricity 
Savings 

(MMtCO2e) 

Total GHG 
Benefit 

(MMtCO2e) 
2008 0.2 — — 0.4 — — 

2009 0.2 — — 0.4 — — 

2010 0.2 — — 0.4 — — 
2011 0.2 — — 0.4 — — 

2012 0.2 0.1 44,841,366 0.4 0.02 0.2 

2013 0.2 0.1 45,251,451 0.4 0.02 0.2 

2014 0.2 0.1 45,665,287 0.4 0.02 0.2 

2015 0.2 0.1 46,293,606 0.4 0.02 0.2 

2016 0.2 0.1 46,737,203 0.4 0.02 0.2 

2017 0.2 0.1 47,185,050 0.4 0.02 0.2 

2018 0.2 0.1 47,637,189 0.4 0.02 0.2 
2019 0.2 0.1 48,093,661 0.3 0.02 0.2 

2020 0.2 0.1 48,554,506 0.3 0.02 0.2 

Total 2.9 1.3 420,259,320  0.2 1.5 

WWTF = wastewater treatment plant; MMtCO2e = million metric tons of carbon dioxide equivalent; GHG = 
greenhouse gas; CO2 = carbon dioxide; CHP = combined heat and power; kWh = kilowatt-hours; I&F = Inventory and 
Forecast; tCO2e/MWh = metric tons of carbon dioxide equivalent per megawatt-hour. 
 
The sum of total GHG benefits from Tables 98 and 99 yields the estimated GHG benefit of this 
policy option. The 2012 and 2020 GHG benefits are 0.2 and 0.2 MMtCO2e, respectively, and the 
cumulative GHG reduction is 1.5 MMtCO2e. 

Cost-Effectiveness 
As mentioned in the Data Sources section, most of the cost estimates for the implementation of 
energy-efficient technologies at WWTPs in South Carolina resulted from case study data from 
                                                
201 U.S. EPA and Combined Heat and Power Partnership. Opportunities for and Benefits of Combined Heat and 
Power at Wastewater Treatment Facilities. Accessed on February 11, 2008, at: 
http://www.epa.gov/CHP/‌documents/‌wwtf_opportunities.pdf  
202 Northeast CHP Application Center. “Essex Junction WWTF—Project Profile.” Accessed on July17, 2007, at: 
http://www.northeastchp.org/uploads/Essex%20Junction%20Project%20Profile.pdf  
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Vermont, and were often based on only one data point. For example, if it is known that a 
particular technology has reduced a facility’s energy use by 1 million kWh/year, and the capital 
cost is $10,000, then the cost per kWh used in this analysis would be the annualized capital 
cost203 divided by either the kWh reduced or the total BAU kWh used in the process to which the 
technology in question is applied. Each efficiency-improving technology is applied to the 
specific process in which it is implemented. Meaning that if a variable-frequency device can 
improve the efficiency of an influent pump by 25% and the influent pump uses 4.5% of the 
WWTPs electricity, then the efficiency improvement is assumed to apply to the entire 4.5%, or 
0.25 × 0.045 × BAU WWTP electricity use. Table 100 displays the fractions of electricity used 
by WWTP processes. 

Table 100. Fractions of electricity used by WWTP processes 

WWTP Process 
Fraction of Electricity Used 

by WWTP  
Influent pumping 5% 

Solids dewatering 7% 
Clarifier and sludge pumping 16% 

Aeration 56% 

Heating 3% 

Lighting 6% 

Other 8% 

WWTP = wastewater treatment plant. 
 
After the net cost per kWh is determined, the options that are the most financially attractive 
(i.e., have the greatest cost savings) were fully implemented. Additional technology options were 
added until the targets for 2012 and 2020 were met. Hence, this method calculated the best-case 
net cost scenario for this set of efficiency targets. 

Since the capital cost of the equipment was annualized over the policy period, cost savings are 
quickly realized due to the high cost of electricity in South Carolina and the large potential for 
low-cost efficiency improvements at WWTPs. The levelized and discounted cost-effectiveness 
of this action is –$21/MtCO2e. Table 101 displays the results of the cost analysis. 

                                                
203 The cost for each technology in this analysis is annualized utilizing the Cost Recovery Factor method. 
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Table 101. Overall policy results—cost-effectiveness 

Year 
GHG Benefit 
(MMtCO2e) 

Annualized 
 Costs 
(MM$) 

Discounted 
 Costs 
(MM$) 

Levelized and 
Discounted 

Cost- 
Effectiveness 

($/tCO2e) 
2008 — $0 $0  

2009 0.0 –$1 –$1  

2010 0.0 –$1 –$1  

2011 0.0 –$1 –$1  

2012 0.2 –$4 –$3  
2013 0.2 –$4 –$3  

2014 0.2 –$4 –$3  

2015 0.2 –$5 –$3  

2016 0.2 –$5 –$3  

2017 0.2 –$6 –$4  

2018 0.2 –$6 –$4  

2019 0.2 –$6 –$4  

2020 0.2 –$7 –$4  
Total 1.6 –$48 –$33 –$21 

GHG = greenhouse gas; MMtCO2e = million metric tons of carbon dioxide equivalent; MM = million; $/tCO2e = dollars 
per metric ton of carbon dioxide equivalent. 
 

Key Assumptions: 
The cost savings realized by this option is largely due to the assumption that capital costs may be 
annualized over the policy period. It is also assumed that the efficiency improvements for a given 
technology apply to the full fraction of WWTP electricity use for each process. 

The technology cost and efficiency data from case studies are used as averages that represent the 
population of WWTPs in South Carolina. 

This analysis assumes that WWTPs will meet and not exceed the efficiency targets. 

Key Uncertainties 
Exact numbers, such as GHG reduction potential in 2012 and 2020 or net cost/tCO2 emissions 
are uncertain. The population projection numbers are uncertain, and much of the analysis is 
based on these projections. Are WWTPs in certain rural locations not optimal—i.e., must they 
always have the minimum 5 MGD flow to have economic viability? Each substantial 
improvement would result in capital costs that would take a certain minimum number of years to 
recover. 

Additional Benefits and Costs 
Additional benefits can be realized if the energy efficiency improvements through infrastructure 
and hardware changes may actually improve both the process of wastewater treatment and water 
quality. 
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Feasibility Issues 
A number of feasibility issues remain: 

• Who will fund the capital costs required for making the improvements listed in the 
implementation mechanisms? 

• When WWTPs are being refitted with improvements, how will the wastewater treatment be 
carried out? Will the plant be off-line, will the wastewater be diverted to another plant, or 
will the improvements be carried out in increments during the lower water use times—e.g., 
winter? 

• How long will monitoring of the improved processes at WWTPs be carried out to gauge the 
impact of the improvements? 

Status of Group Approval 
Complete. 

Level of Group Support 
Unanimous. 

Barriers to Consensus 
Not applicable. 




