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Executive Summary

Currently, the vast majority of manure lagoons on North Carolina hog farms are

uncovered and emit substantial amounts of methane gas into the open air. In fact, of the state’s

greenhouse gas emissions, 11% are methane, with the largest contributors being waste

management and agriculture (manure management in particular). While a few North Carolina

policies have directly or indirectly functioned to reduce methane emissions from hog farms,

methane emissions are not being reduced at the scale possible. We evaluate three alternatives for

further decreasing emissions from hog farms: (1) methane capture and flare, (2) methane capture

and onsite energy generation, and (3) methane capture and participation in the renewable natural

gas market (RNG). The priority in evaluating these methods is speed of implementation and low

cost to maximize farm participation in reducing emissions reductions in the near term. Data used

includes information from the North Carolina Department of Environmental Quality (DEQ) on

all permitted hog farms, including facility names, types of hogs raised, allowable count of hogs,

and expiration dates. We also draw upon the Duke report conducted by Darmawan Prasodjo et al.

entitled “A Spatial-Economic Optimization Study of Swine Waste-Derived Biogas Infrastructure

Design in North Carolina” to gain insight on the cost effectiveness of sourcing from clustered

networks of farms for RNG projects, and for determining the amount of methane per permitted

farm.

These emission amounts were used to estimate emission reductions achieved by flaring

the methane and CO2 conversion. The reductions were calculated using multipliers for non-fossil

origin methane published by the Intergovernmental Panel on Climate Change in its Sixth

Assessment Report. Abatement levels are provided in terms of CO2 equivalent (CO2e)

emissions on both 20-year timeframes and 100-year timeframes. The reductions exclude methane

emissions from eight large farms that according to the US EPA and the Department of

Agriculture AgSTAR collaborative program, will be participating in methane abating RNG

projects in the near term. Our key findings are as follows:

● If all permit-active farms in North Carolina that are not already participating in

upcoming RNG projects were to cover their lagoons, capture the collected biogas, and

flare the biogas, the resulting amount of avoided methane emissions would be 20.8
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million metric tons of CO2e on a 20-year timeframe, and 5.73 million metric tons of

CO2e on a 100-year timeframe.

● To contextualize this amount of methane, we took the 5.73 million metric tons of

CO2e and compared it to the reductions needed in order to meet North Carolina’s primary

Clean Energy Plan goal of 70% reductions from the electricity sector from 2005 levels by

2030. We found that the 5.73 million metric tons of CO2e is about 28% of the needed

reductions.

● Our supplementary analysis of opportunities with on-site energy generation found

that biogas derived methane could replace at least 24% of on-farm propane use in North

Carolina.

Based on these findings, we recommend:

● The methane capture and flare alternative to the status quo may be the most

prudent option for North Carolina to reduce its greenhouse gas emissions and meet

critical climate goals. Flaring is relatively inexpensive and fast to implement in

comparison to the two other waste-to-energy methods (onsite energy & RNG).

● The North Carolina legislature should develop and pass a mandate on natural gas

companies to reduce their greenhouse gas emissions associated with their fuels. In the

near term, natural gas companies would be incentivized to buy greenhouse gas offsets

specifically from farms currently capturing and flaring methane. In the later term, natural

gas companies may gradually work towards supporting the capture and refinement of

biogas into RNG as this offers cost savings.

● For the health of neighboring residents and the political success of any methane

reduction program in NC hog farms, Environmental Justice concerns need to be

addressed. Low income and of color neighboring communities experience extreme odor

conditions & water contamination risks in a documented pattern consistent with the

phenomenon of environmental racism. The General Assembly is advised to develop

legislation to require the use of ESTs and more rigorous soil and air testing to monitor for

contamination.
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INTRODUCTION

Anthropogenic greenhouse gas emissions have led to significant and accelerating climate

change since the industrial revolution. Most climate initiatives target reductions in carbon

dioxide emissions, since carbon dioxide is the most abundant greenhouse gas in the atmosphere

after water vapor. However, while methane does not persist in the atmosphere as long as carbon

dioxide, methane has far greater radiative efficiency. Reducing methane emissions is pivotal to

quickly slowing the rate of warming for the purpose of meeting domestic and international

climate goals in time (Nature, 2021).

Currently, open manure lagoons on North Carolina hog farms emit substantial amounts of

potent methane gas. Despite the existence of several North Carolina regulatory programs and

mandates limiting methane emissions from hog farms, far fewer methane emission reductions are

being achieved than what is possible. As a way to address the discrepancy between the practical

emission reductions possible from the swine sector and the actual emissions reductions being

achieved, this Master’s Project identifies key policy tools to incentivize biogas and flaring as

policies, technologies, and costs improve. More specifically, we analyze three potential options

for swiftly targeting methane emissions on hog farms: (1) capturing and flaring methane, (2)

capturing methane for energy purposes through onsite energy generation, or (3) for renewable

natural gas (RNG) participation. See Appendix A. “Alternatives for Methane Abatement on Hog

Farms” for a graphic illustration of these three alternatives. Implementation of these measures
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could be timed to ensure that methane reductions are achieved as quickly as possible and in such

a way as to enhance and enable renewable energy production from biogas in the longer term.

Comparing Methane to Carbon Dioxide

Since each greenhouse gas carries its own radiative efficiency or global warming

potential (GWP), a carbon dioxide equivalent (CO2e) works to equate greenhouse gasses to one

another. For example, according to the Sixth Assessment Report by the Intergovernmental Panel

on Climate Change (IPCC), methane from a non-fossil origin is 80.8 times more potent than

carbon dioxide in terms of its ability to trap heat in the atmosphere, so 1 million metric tons of

methane equates to 80.8 million metric tons of CO2e (Forster et al., 2021). See Appendix B.

“ERCE- IPCC Sixth Assessment Report Global Warming Potentials” for a simplified display of

multiplier values.

Since each greenhouse gas also has its own lifetime in the atmosphere, reports by the

IPCC and other climate researchers tend to employ different multipliers depending on the

timeframe taken into consideration. In the previous example, 80.8 was the multiplier comparing

non-fossil origin methane to carbon dioxide over a 20-year timeframe. Due to methane’s short

lifetime in the atmosphere relative to carbon dioxide, the multiplier drops down to 27.2 when

considering a 100-year timeframe. In order to standardize the way various entities report GWP

and CO2e, the 100-year timeframe is generally employed as the common unit of measure (US

EPA - Greenhouse Gas Emissions, n.d.).

However recent climate literature suggests that the timeframe should be selected with

climate goals in mind. Research published in Environmental Research Letters suggests using a

24 year time horizon in order to meet the Paris Agreement to limit warming to 1.5 degrees

Celsius, as the letter further states that the common 100-year timeframe underestimates the
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warming potency of methane (Abernethy & Jackson, 2022). Other research published in the

international Nature journal suggest specifying contributions of gasses individually within future

climate target planning, with methane particularly highlighted as a potent Short-Lived Climate

Forcer (Allen et al., 2022).

Our master’s project focuses on North Carolina’s potent methane emissions, and we will

present the abatement potential of methane on hog farms on a 20-year timeframe, but also

disclose the 100-year timeframe abatement in order to make comparisons with figures from the

North Carolina Greenhouse Gas Inventory, US EPA, and the North Carolina Clean Energy Plan.

North Carolina Emissions & Agriculture

Of North Carolina’s greenhouse gas emissions about 11% are methane emissions, with

the largest methane emitters being the Waste Management and Agriculture sectors. Remarkably,

manure management has been the largest CO2 equivalent emitter in the state’s agricultural sector

every year from 1990 to 2018 (NC Department of Environmental Quality, 2022).

Though the pork industry historically reigned as the leading livestock product of North

Carolina, the poultry industry has since massively expanded into agricultural space. Since 2008,

the poultry industry’s growth in the state has steadily outpaced hog farm growth (Rundquist &

Carr, 2019). The poultry industry is now the leading livestock product of the state, as the North

Carolina Agricultural Statistics report for 2021 shows that broiler farms constituted 28.7% of

total farm cash receipts for the state, while hog farms delivered only 19.1% (Hamer et al., 2021).

Though poultry is more prominent in scale and economic impact, this master’s project

nevertheless focuses on manure management on hog farms rather than poultry farms because of

the methane-emitting nature of the respective animals’ manure. By comparison, hog manure is
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wetter and conventionally stored in uncovered lagoons that provide an anaerobic environment

where biogas is produced. Poultry manure on broiler farms is drier and therefore collected into

medium to large piles, windrows, or heaps on the farm, which does not create anaerobic

environments for biogas production and release. As displayed in Appendix C. “Greenhouse gas

emissions by livestock category and source in 2007,” swine averages 4.82 GHG emissions as

expressed in a kilogram of CO2e per kilogram of product, while poultry averages only 3.09 of

the same category of emissions (Dunkley & Dunkley, 2013).

Therefore, since we know 11% of greenhouse gas emissions from the state are methane

emissions, and that agriculture and manure management within agriculture reporting as the

largest emitters, our project focuses on emissions reductions possible on hog farms, the state’s

high emitting and second-largest livestock product.

North Carolina Goals

A series of executive orders from Governor Roy Cooper has signaled North Carolina’s

commitment to reducing emissions. In 2018, Governor Cooper signed Executive Order 80 which

set 2025 goals of greenhouse gas emissions reductions of 40% below 2005 levels, increases in

zero-emission vehicle registrations to at least 80,000, and reduced energy consumption across

state-owned buildings by at least 40% from the fiscal year 2002-2003 levels (Governor Roy

Cooper, 2018). In addition to these targets, it tasked the NC Department of Environmental

Quality (DEQ) with drafting a Clean Energy Plan for North Carolina. In 2020, the governor

issued Executive Order 143 which established the Andrea Harris Social, Economic,

Environmental, and Health Equity Task Force to prioritize environmental and social disparities

in part by quantifying benefits from pollution reduction, identifying clean energy deployment

opportunities, and reduction of greenhouse gas emissions (Governor Roy Cooper, 2020).
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In January of 2022, Executive Order 246 accelerated the Executive Order 80 statewide

emissions reductions to 50% from 2005 levels by 2030, net-zero emissions commitment by

2050, and increased the number of registered zero-emission vehicles to at least 1,250,000 by

2030 (Governor Roy Cooper, 2022). In response to executive order 80’s request for a Clean

Energy Plan, in 2019 the DEQ published the plan which included a 70% reduction in electricity

sector greenhouse gas emissions compared to 2005 levels by 2030. In 2021, this goal was later

cemented into Session Law 2021-165 by the General Assembly, detailing that the North Carolina

Utilities Commission (NCUC) is authorized to “take all reasonable steps” to achieve the 70%

reduction in emissions (General Assembly of North Carolina, 2021). Upon quantifying the

methane emissions reductions that are possible on NC hog farms, our Master’s Project finds that

these reductions could make up about 28% of the needed reductions for reaching this Clean

Energy Plan goal of 70% reductions in electricity sector emissions.

BACKGROUND

Agricultural Biogas

A farm’s waste management facility design is influenced by the livestock species’

manure characteristics. Due to the scale of large hog farms and the roughly 10% total solids

content of the slurry-like waste, hog manure is typically stored with water in large lagoons

(Lorimor, Powers, & Sutton, 2004). This storage setting hosts the oxygen-free or anaerobic

environment where the waste decomposes and releases a methane-rich gas, known as biogas.

Biogas contains around 50-60% methane, 40-50% carbon dioxide, and a remaining

approximately 1% of hydrogen sulfide, ammonia, and other gasses (Sweeten et al., n.d.).

Currently, most North Carolina hog farm anaerobic lagoons, the majority of which are located in
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eastern North Carolina, are uncovered, exposing odor and emissions to the open air.

Biogas Capture & Flare

Capturing biogas released from manure lagoons and subsequently burning the gas

(“flaring”) works to reduce methane emissions on hog farms. The status quo of venting methane,

or allowing it to simply release into the atmosphere, allows this potent gas to trap heat in our

atmosphere and at 80.8 times the GWP of carbon dioxide. So instead of venting, the process of

flaring or burning methane results in an overall reduction of CO2e because the outcome is the

less potent carbon dioxide and water. Specifically, burning a single methane molecule results in

the release of two molecules of water and one molecule of carbon dioxide (ScienceDaily, n.d.).

Our calculations for this process are described in further detail in the Data Exploration section.

Though sometimes facilities that handle any type of natural gas can experience some leakage of

methane gas into the atmosphere through unsecured equipment or compromised burning

efficiency, in the case of hog farms, this leakage would be miniscule in comparison to the current

emissions from open-air hog farm manure lagoons.

Currently, the top 33 oil- and gas-producing states have regulations related to venting

and flaring natural gas (FECM, n.d.). Venting refers to the direct release of natural gas into the

atmosphere. These regulations are largely directed toward oil and gas drilling operations

handling excess natural gas in the short term. To varying degrees across states, these regulations

balance limits on wasting natural gas while allowing facility discretion to flare or vent in order to

maintain operational integrity and safety (Office of Fossil Energy, 2019). North Carolina

currently does not have regulations limiting venting or flaring as it is not a leading oil or

gas-producing state.
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Biogas-to-Energy

Rather than venting or flaring biogas from manure lagoons, captured biogas can be used

for energy generation, yielding cost reductions for the farm operation or network. In the

following subsections, we describe two alternatives to venting or flaring emissions: onsite energy

generation and refinement into RNG. These methods differ significantly in terms of equipment

and infrastructure, feasibility, and energy yield. On one hand, energy yield is of course a valuable

outcome of methane capture on hog farms and can most efficiently be maximized through a

network of farms participating in an RNG project. However, on the other hand, we found that

onsite energy generation may offer an opportunity to replace about 24% of North Carolina’s

on-farm propane use.

Lagoon covers described in the Biogas Capture & Flare subsection can also be used in

waste-to-energy schemes, however as displayed in the Appendix D. table “Biogas production

rate” from the Nicholas Institute report by Prasodjo et al., energy yield is larger when placing

manure waste in an anaerobic digester as opposed to a covered lagoon. These researchers also

compared Levelized costs of energy (LCOEs) from systems that employ covered lagoons versus

anaerobic digesters, and the latter were found to be more cost-effective and able to produce more

energy thus requiring fewer farms (Prasodjo et al., 2013). However, efficiency here was being

measured to the standard of energy production per volume.

Onsite Energy Generation

Unlike flaring which does not require technologically advanced equipment, conversion of

biogas into energy requires additional steps to further refine and condition the gas, and in some

cases, inject the refined gas into a natural gas pipeline. The refinement of gas is necessary to
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ensure that the gas fed into the generator is free from corrosive particles that can impair the

functioning of the generator system, which has prescribed moisture content and minimum

pressure constraints.

Once the biogas is collected from the covered lagoon, it undergoes gas scrubbing where

excess hydrogen sulfide (H2S) is removed by excess aeration of oxygen, the gas is then passed to

a dehumidifier to get rid of moisture and ensure clean burning and high-quality gas. Amine

scrubbers among other scrubbers are effective in trapping CO2 from the biogas and result in

almost 99% pure methane. This methane is conditioned and refined to be used as an energy

source.

Historically, 5% of US households use propane as a fuel for heating (EIA winter fuels

outlook, 2016). It is more common in agricultural farms where propane is utilized to heat the

facilities. This propane is supplied from the distributors and does not enjoy the pipeline network

as the one available for natural gas. Since both methane and propane are hydrocarbons, they are

considered interchangeable in terms of the combustion process. Although propane has higher

heat content for the same volume of gas, considering methane is available in abundance once

refined, we conducted an analysis to understand if the methane generated can replace propane

use on North Carolina hog farms. Researchers from the University of Minnesota published the

amount of propane used per pig for a given growth before slaughter (K.T. Sharpe et al., 2018).

Using these data, we calculated the methane requirement in NC hog farms. Our result suggests

that 24% of the total heating requirements by hog farms in NC can be provided by the abated

methane. We reached this number when considering the heating requirement data of Minnesota

which is a much colder state than North Carolina  Hence, the actual share of methane as a fuel

for heating in NC will rather improve.
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Refinement into Renewable Natural Gas

Aside from flaring or onsite energy generation, the final alternative to venting that our

project evaluates is the full refinement of biogas into RNG. Depending on the intended use for

the biogas, differing levels of clean-up need to be implemented. Just as biogas can be captured,

lightly refined, and used in a generator for onsite energy generation, biogas can alternatively be

refined and conditioned even further. Biogas becomes RNG when carbon dioxide, trace gasses,

and water vapor are fully removed, and becomes interchangeable with conventional natural gas

in a pipeline, with end uses such as vehicle fleet fuel, electricity, and thermal power (US EPA

LMOP, n.d.).

As mentioned, North Carolina’s largest methane-emitting sectors are waste management

and agriculture. These sites currently contribute significantly to the state’s emissions and could

repurpose a potentially large portion of their emissions into renewable energy resources through

waste-to-energy projects, even replacing conventional fossil fuel natural gas which has a far

longer carbon cycle. At the very least, non-fossil methane sources on hog farms or landfills could

be captured and flared, thereby converting methane to carbon dioxide, reducing potency about

80.8 times in a 20-year timeframe. The most prominent barriers to this transition are the lack of

in-state incentives; the costs of implementing methane capture, biogas, and RNG infrastructure;

and the social pushback due to environmental justice concerns.

OUR CONTRIBUTION

Our master’s project evaluated three methods for methane abatement as an alternative to

the high-emitting status quo and found the biogas capture and flare most prudent for reducing

methane emissions from North Carolina hog farms. In the below subsections, we expound upon
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our advocacy of flaring by contextualizing the potential abatement in terms of the state’s Clean

Energy Plan goals, as well as explaining benefits of flaring as a more inclusive opportunity for

greater farm participation as well as low costs of implementation (relative to waste-to-energy

methods). Next, we take a look back at previous and current policy efforts in North Carolina that

attempted to reduce methane emissions, as well as policy approaches in other states like Iowa

and Minnesota.

Advocacy of Biogas Capture & Flare

In the case of North Carolina hog farms, biogas capture and flaring could be a low-cost,

more immediate way to capture methane emissions on hog farms. Methane capture and flare

could present a particularly valuable opportunity for reductions for the hundreds of hog farms

that may take longer to develop their renewable energy potential. Per our data analysis, we have

estimated that approximately 20.8 million metric tons of CO2 equivalent would be abated if all

permit-active North Carolina hog farms implemented methane capture and flaring, excluding

farms imminently expected to participate in upcoming RNG projects. This assessment is made

by comparing methane to carbon dioxide over a 20-year timeframe, which is preferred by

climate literature as explained in the introduction of this paper. When assessing this abatement

potential by comparing methane to carbon dioxide over a 100-year timeframe, approximately 5.7

million metric tons of CO2 equivalent could be abated.

To contextualize this abatement potential, we focused on the North Carolina Clean

Energy Plan (CEP) updated goal of reducing greenhouse gas emissions from the electricity sector

by 70% below 2005 levels by 2030. By referencing this sector’s 2005 emissions from the NC

Greenhouse Gas Inventory, we determined that the amount of methane abatement from all

permit-active farms implementing flaring would translate to 28% of the necessary greenhouse
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gas emissions reductions needed to meet the CEP goal (NC Department of Environmental

Quality, 2022). Data methods explained in further detail in the Data Exploration section. Further,

we contextualized this potential amount of abatement with landfill methane capture in North

Carolina, currently 32 operational landfills abate 0.36 million metric tons of CO2 equivalent per

year, which we determined is only 1.8% of the greenhouse gas emissions reductions needed per

the CEP goal (US EPA, n.d.). Below is a visual display of this abatement potential, North

Carolina’s greenhouse gas 2005 & 2020 benchmarks alongside the 2030 CEP goal of 21.98

million metric tons of CO2e, representing a 70% reduction from 2005 levels.

The opportunity to generate energy from biogas is certainly valuable, however, there are

the current feasibility and political challenges to implementation. Most North Carolina hog farms

do not have a direct or easily feasible connection to pipelines and cannot afford the infrastructure

to implement refining and compressing equipment to bring biogas to the quality needed for RNG

injection.

Utilities are somewhat incentivized to source biogas energy (or offsets) from hog farms

through the state’s Renewable Energy and Energy Portfolio Standards (REPS). The REPS sets up

a “swine waste set aside” schedule of small percentages of hog farm biogas energy from which
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utilities are required to source their energy. However, as further explained in the Policy Review

subsection detailing REPS, utilities remain far behind fulfilling REPS swine waste set-asides due

to the REPS’ lack of enforcement mechanisms and arduous contracting processes. Since the

REPS fails to stimulate RNG development and hence methane abatement at the scale and speed

that it could, other methane abatement measures warrant consideration, such as biogas capture

and flare. Flaring could act as an intermediate step before energy infrastructure is developed,

working to capture methane emissions in the short term, as soon as possible especially given

methane’s high potency in shorter time frames.

Unlike onsite energy generation or RNG development, flaring may allow a greater

number of farms to participate in methane abatement. Researchers at Duke University conducted

a spatial-economic optimization study in 2013 to consider the cost-effectiveness of biogas

injection sourced from clustered hog farm networks. The study found that sourcing biogas for

natural gas pipeline injection from a centralized network of farms was the most cost-effective

approach to meeting the Renewable Energy and Energy Portfolio Standards (REPS) at the time

(Prasodjo et al., 2013). As with other RNG projects developing in the state, the Align RNG

project between Smithfield Foods and Dominion Energy appears to follow this analysis logic, by

focusing on 19 larger, geographically-concentrated farms in Sampson and Duplin counties for

the purpose of maximizing returns on biogas-to-RNG energy investments. Since these expensive

projects benefit from focusing on concentrated networks of farms, this means massive methane

emission releases will continue to escape from farms that are not within close enough proximity

to participate in an RNG project (AlignRNG, n.d.).

Cost of Systems

When considering a strategy focused on reducing methane emissions as quickly as
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possible, our team argues that biogas capture through lagoon covers and subsequent methane

flaring is preferred. Biogas capture and flaring involve adding the following equipment to current

conventional operations: a lagoon cover to trap biogas, a connection line to guide biogas out of

the lagoon area, a tall vertical flare stack, a spark ignition device, and a pilot flame tip. Some

auxiliary fuel may be needed if the heat content of the gas is below 300 Btu per scf (PROs,

2011). Costs for a 2,000 Mcf flare are estimated to be $3,000, with an additional fuel cost of

$1,800 per year for each pilot flame (PROs, 2011). Total capital costs are estimated to be in the

range of $10,000-$50,000, however, a simple farm-by-farm flaring setup would be expected to

be on the much lower end of this range (Natural Gas STAR Program, n.d.).

On the other hand, expensive on-farm anaerobic digesters are needed to maximize onsite

electricity or as a preliminary step for eventual RNG pipeline injection. According to the EPA’s

AgSTAR program, the capital cost of an on-farm anaerobic digester ranges from approximately

$400,000 to $5,000,000, depending on the size. Even assuming the lowest cost digester, this

$400,000 figure is still about eightfold more expensive than the highest estimate of the flaring

system capital cost, $50,000. Anaerobic digesters are just one of the major pieces of equipment

needed to refine biogas for energy use, other biogas refining equipment, compressors, injection

stations, and pipeline infrastructure are also needed and result in large increases to capital.

While energy development for onsite electricity generation or participation in the RNG

market certainly has revenue opportunities, our project is focusing on reducing methane

emissions in the near term, as quickly as possible for the least cost. Similarly, methane flaring

could be set up to generate revenue similar to the U.S. Livestock Methane Protocol. In this

system, early greenhouse gas emissions reductions can be purchased as Early Action Offset

Credits and then transition into regular offset credits, as approved by the California Air
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Resources Board (Climate Action Reserve, 2013).  The price of carbon offsets can vary widely in

the United States depending on the program, with California’s Western Climate Initiative at

about $22.42 (USD)/metric tons of CO2 and the northeastern states’ Regional Greenhouse Gas

Initiative (RGGI) at about $12.24 (USD)/metric tons of CO2 at most recent auctions (Storrow,

2022; RGGI Inc., 2022).

Policy Review

REPS

At present, the North Carolina REPS incentivizes renewable energy production but was

not expressly designed to maximize GHG emission reductions. The REPS mandates

investor-owned utilities as well as rural electric co-ops and municipal electric suppliers to meet

12.5% and 10% of their energy through renewable energy, respectively. The REPS also required

electric power suppliers to source swine waste to satisfy a schedule of percentages of the total

electric power sold to retail electric customers. In 2012, the NCUC allowed electricity suppliers

to meet the swine waste set aside via “directed biogas,” meaning that electricity could be

generated, thus allowing utilities more ways to comply (NCUC, 2019).

Overall, the REPS fails to adequately incentivize greenhouse gas emissions reductions on

hog farms, one of North Carolina’s largest sources of methane emissions, because it focuses

more on a percentage of energy coming from renewable energy, without valuing emissions

reductions in particular. Additionally, though there is a specific swine waste set aside, the REPS

is devoid of any strong enforcement mechanisms or penalties for utilities in not meeting the

requirement. As mentioned previously, methane flaring, and especially methane waste-to-energy
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equipment and infrastructure is incredibly expensive and time-consuming to contract. Utilities

have been permitted by the NCUC to not meet the swine waste set aside, claiming that the

contracts are prohibitively expensive. Swine waste set-asides have been delayed and reduced; in

the 2007 REPS, the requirement for sourcing swine waste was set to be 0.2% by 2018, but by the

2020 REPS update, the 0.2% requirement was pushed out to “2025 and thereafter” (General

Assembly of North Carolina, SL2007-397, 2007; NCUC, 2019).

Other NC Legislation Related to Methane Capture

There have been other legislative efforts related to improving hog farms’ waste

management systems, some of which directly focus on methane, but most of which attempt to

address other pollution issues but present indirect methane abatement benefits. The more general

attempts to improve waste management on swine farms include mechanisms such as

lagoon-and-spray field moratoriums, the Smithfield Foods Agreement, farm buyout programs,

and standards for new and expanding swine farms. These attempts to improve waste

management were spurred by concerns of swine lagoon flooding and pollution spills resulting

from several major hurricanes that hit the NC coastal plain in the 1990s. Since these disasters

impacted rivers and coastal waters and disproportionately affected low income residents and

communities of color, these pollution-prevention regulations are described in further detail in the

Environmental Justice Concerns section of this paper.

Of the legislation adopted to address pollution from swine waste, only one statute

included an incentive program directly targeting methane. Specifically, in the 2007 Swine Farm

Environmental Performance Standards Act, the General Assembly created the Swine Farm

Methane Capture Pilot Program which encouraged hog farmers to produce electricity from

captured methane. The voluntary program would select up to fifty swine farms to participate in a
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pilot program, where utilities would buy up to 25 megawatts at a time at a predetermined price

allowing farms to recover costs reasonably and minimize impacts to ratepayers (General

Assembly of North Carolina, 2007). Though 218 swine farms registered, eligibility prevented

most from participating, as it was determined that only about 47 corporate farms served by

electric public utilities such as Duke or Dominion qualified. Ultimately, no farm ever was able to

participate in the pilot program as upfront infrastructure costs, even with a generous payback

system, were far too high for participating farmers (Sorg, 2020).

Other states’ efforts

US Americans consumed 52.1 pounds of pork per capita in 2020 which is estimated to be

a $19 billion market. The top 5 pork-producing states house almost 70 percent of the total

animals raised at any given time. While Iowa has the highest number of pigs (24.6 million),

North Carolina’s Duplin (1.9 million) and Sampson (1.8 million) counties are the top US

counties with the largest farm population.

To abate the methane getting released into the atmosphere and reduce the environmental

impact of the lagoons, states have introduced different programs to encourage the farm owners/

utilities to tap the methane market. In this section, we will discuss some of the policy efforts

introduced by states to address GHG emissions.

Iowa’s Methane Gas Conversion Property Tax Exemption

This program was introduced in 2008 under which the real and personal property used to

decompose/ convert methane or other gasses to energy were exempt from property tax for a

period of 10 years. The program earlier only applied to facilities that were in connection with
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publicly-owned sanitary landfills but were later revised to include technologies such as anaerobic

digesters. Although the program expired in 2012, the incentive of exemption from property taxes

can spur an interest among the farm owners to aim for the conversion of methane into energy.

Iowa’s IADG Energy Bank Revolving Loan Program

Under this program, the Iowa Economic Development Authority in partnership with Iowa

Area Development Group (IADG) offered businesses a low-interest finance option for energy

efficiency and renewable energy projects. In particular, a loan of up to $300,000 can be

sanctioned at a 1% interest rate for a time period of 10 years. Although the methane to energy

projects are eligible under the ‘Biomass Thermal’ category of this program, the project can be

ineligible if it doesn't prove to be cost-effective and fails to demonstrate whether loans will be

closed by the stipulated time and executed properly.

Minnesota’s Methane Digester Loan Program

The Minnesota Department of Agriculture developed the Methane Digester Loan

program back in 1998 to help supplement the resource required for farm owners in Minnesota to

begin installing digesters on their farms. The purpose of this program was to address waste

generation as well as encourage farmers to harvest the energy potential which otherwise was

getting wasted. Under this program, a loan of up to $250,000 can be sanctioned with zero percent

interest for a period of 10 years.

Similar to this program, the state also introduced the ‘Farm Opportunities Loan Program’

designed to increase on-farm energy production under which a maximum loan of $45,000 per

family can be sanctioned at a fixed interest rate of 3% for a period of 10 years.
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California’s SB-1383 Short-lived climate pollutants

On 16th September, 2016, Senate Bill No.1383 was signed into law by Governor Gavin

Newsom which empowered the state board to implement comprehensive strategies to reduce

emission from short-lived GHG such as methane by 40% below 2013 levels by 2030.

Colorado’s Clean Heat Standard

On June 24, 2021, the governor of the state of Colorado signed the Clean Heat Standard

which establishes greenhouse reduction targets for gas distribution utilities. Pursuant to the

standard, Colorado gas distribution utilities must cut their GHG emissions by 4% by 2025 and

22% by 2030. In addition to electrification, efficiency improvement, and the production and use

of green hydrogen, the statute also incentivizes recovered methane, i.e., methane recovered from

biogas agricultural facilities. Since recovered methane still produces , only 1% of the 2025𝐶𝑂
2

targets and 5% of 2030 targets can be met by  recovered methane. This keeps a check on the

overall combustion-related emission.

The hog farms in North Carolina are located in a marginalized community where people

of color represent most of the demography. Understanding the initiatives taken by different states

to abate methane helped us differentiate the nature of policies that will function in North

Carolina. Although Iowa’s tax exemption program felt lucrative from the farmer’s perspective,

the fact that the program expired within four years of its institution did not speak volumes of its

efficiency. Additionally, not all NC hog farms can participate in this program as the tax

exemption is provided to those farms converting methane to energy. An additional cost-benefit

study is needed to conclude if the tax rebate offsets the capital expenditure in the long run for all

sizes of farms.
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Similarly, the loan program initiated by Iowa and Minnesota also relied on converting

waste to energy. The low-interest loans can be bankable for large farms that can generate enough

energy to make the project profitable, as it was the prime condition for the sanction of the loan,

whereas the small farms cannot breakeven with a substantially lower feed of waste and hence

this program would leave many such small farms ineligible for the loan program. Our project is

targeting methane abatement as an immediate solution, and hence we needed a policy that can

encapsulate all sizes of farms without any discrimination. Colorado’s Clean Heat Standards came

across as a promising policy lever as it counts recovered methane towards GHG reduction, and to

avoid increasing combustion-related emissions, it puts a cap on the acceptable share of recovered

methane. Since this policy is in its nascent stage, measuring its progress would be worthwhile.

DATA EXPLORATION

The details of the operational hog farms are obtained from the North Carolina Department of

Environment Quality (NC DEQ). This dataset contains information on the facility type, owners

info, allowable count of animals, date of issue of permit and validity thereof, and GPS

coordinates of the farm classified at county levels.

To make the data significant to our project, we specifically focused on the swine dataset of the

NC DEQ. Through these data, we obtained a preliminary idea of the number of hog farms in

North Carolina, both operational and defunct. We then removed facilities with expired permits

from the dataset. In addition, a few facilities had missing expiry dates, which we also removed.

To decide whether these facilities are to be included in the dataset, we calculated the average

license period of the swine farms in the state which is around 60 months. Those facilities with no

expiry date and the manufacturing date under 60 months from March 2022 were considered
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operational farms, and those that did not meet the criteria were considered non-operational farms

and were removed from the dataset. As a result, out of 2,246 farm datasets, 2,156 farms were

operational. Once we assessed the number of operational hog farms in NC, the next step was to

ensure that the farms already involved in some waste to energy production were also excluded

from our study to avoid the double counting. The details of such hog farms are obtained from the

AgStar section of the Environmental Protection Agency website (EPA). AgStar is a joint

program sponsored by EPA and the United States Department of Agriculture (USDA) and

publishes Livestock Anaerobic Digester Database biannually. Ten farms in NC had

waste-to-energy mechanisms installed on their farms. These farms were also excluded from our

dataset.

The NC DEQ data provides an allowable number of animals for each facility.

Considering these facilities are profit-making entities, we assumed that all these facilities run at

maximum capacity, and hence the number of swine in a given facility is equal to the allowable

limit. The swine farm types can be classified into several categories based on the type of hogs

being raised, i.e., 'farrows' is the breeding stage of the animals, 'feeder' is when the piglet reaches

a weight of around 30-60 lbs, and 'finish' is when the animal has reached a weight of around 280

lbs and is ready to be slaughtered. Similarly, nine farm types are acknowledged under the NC

DEQ report, including 'others.' These animals vary in size and shape and have varying biological

cycles. Hence, varying amounts of meat and waste are generated depending on the type of

animal produced or the point of the life cycle in which a particular farm specializes. The

rationale behind incorporating the farm types was to establish the waste generated in the

aggregate by the total hog population, which was then used to calculate the amount of methane

generated. The data for methane generation based on the type of farm is taken from Duke's
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Nicholas Institute Report titled 'A spatial-economic optimization study waste-derived biogas

infrastructure design in North Carolina' from 2013 and is matched with the AgStar's farm type

classification dataset.

Since the methane generation varies significantly on the farm type, we made a judgment

to exclude the 'others' farm type. See Appendix E. “Farm Types” for a graphic illustration of the

eight farm types covered in our analysis.  It does not impact the overall dataset as the number of

animals permitted under the 'others' facility category was miniscule (0.2%) in comparison to the

overall dataset. To generalize the value of methane generated, we converted it to equivalents𝐶𝑂
2

based on the GWP of in the short term (20 years) and the longer-term (100 years).𝐶𝐻
4

According to the sixth IPCC report published in 2021, from the non-fossil origin is𝐶𝐻
4

considered 27.2 times more potent than in the 100-year time frame, whereas it is 80.8 times𝐶𝑂
2

more potent in the 20-year time frame (Forster et al., 2021).

The calculation of net abated is a two-step process. First, the methane is multiplied𝐶𝑂
2

with the GWP multiplier to get the total amount of e. The next step is to calculate the𝐶𝑂
2

amount of produced during the flaring process. This is calculated using the mole concept.𝐶𝑂
2

When burnt with excess oxygen, one molecule of methane gives one molecule of carbon dioxide

and water.

𝐶𝐻
4

 + 2𝑂
2

→ 𝐶𝑂
2

+ 2𝐻
2
𝑂

The molecular mass of and is 16 and 44 atomic units respectively. Accordingly,𝐶𝐻
4

𝐶𝑂
2

one ton of methane produces 44/16 ton of carbon dioxide when flared. The net methane
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abatement is calculated by subtracting the (derived from multiplying and GWP data)𝐶𝑂
2
𝑒 𝐶𝐻

4
 

with the amount of produced by flaring.𝐶𝑂
2

To comply with the state's House Bill 951, we referred to North Carolina's Greenhouse

Gas Inventory published by the Department of Environmental Quality in January 2022.

Accordingly, the GHG emission from electrical power generation in 2005 was 73.27 MMT 𝐶𝑂
2
𝑒

. Considering it has to be reduced to 70% by 2030, the allowable GHG emissions in 2030 should

not be more than 21.98 MMT . The report has used IPCC 4th AR GWP multiplier for a𝐶𝑂
2
𝑒

100-year timeframe, and hence, the calculations of climate benefits were adjusted to the same

format to ensure data homogeneity. The historical data showed a decrease in GHG emissions

within Electric Power Generation, and hence the 2020 prediction was considered the baseline

value for further analysis.

Landfill Methane Outreach Program (LMOP) is a voluntary program under EPA that

works on avoiding or reducing methane emissions from landfills. LMOP maintains a data

repository of more than 2600 municipal solid waste landfills across the United States, which

includes information such as GPS coordinates, owner details, year of operation, emission

reduction, etc. To provide a context to the calculated climate benefits due to flaring, we tried to

assess the climate benefits achieved by the landfills in North Carolina. The data was filtered to

reflect North Carolina's operating landfills, and the avoided emission reduction was summed.

Propane requirement for different stages of farming is obtained from a study done by the

University of Minnesota (K.T. Sharpe et al., 2018) and is matched with Duke's 2013 farm

classification. Once the propane requirement per pig is calculated, we quantify the total propane

requirement in a given year. The heat content of propane and methane is obtained from the EPA

website and is used to assess the amount of propane that the captured methane can substitute.



27

POLICY RECOMMENDATION

As a way to secure greenhouse gas emissions reductions as quickly and optimally as

possible, our policy recommendation is for the North Carolina legislature to develop and pass a

mandate on natural gas companies to reduce their greenhouse gas emissions associated with their

fuels. In the near term, natural gas companies would be incentivized to buy greenhouse gas

offsets specifically from farms currently capturing and flaring methane. In the later term, natural

gas companies may gradually work towards supporting the capture and refinement of biogas into

RNG as this offers cost savings.

As explained earlier, the equipment and development of on-farm systems needed to

capture, refine, and compress biogas for use in onsite electricity generation or for the RNG

pipeline system is very expensive. Though onsite electricity generation or RNG injection would

abate methane emissions (just as flaring would), plus offer a substantial return through reduced

energy costs, RECs, Low Carbon Fuel Standard and Renewable Fuel Standard payments, or

carbon offset payments, this level of biogas development has proven difficult.

The proposed mandate on natural gas companies to reduce their greenhouse gas

emissions is preferable to other strategies such as direct agricultural subsidies or mandates.

Direct agricultural subsidies, such as grants, loans, or boosted funding for lagoon covers, would

face intense political opposition from the public, particularly environmental justice advocates. A

subsidy of any kind directed towards the agricultural industry would be perceived as the

government supporting the problematic status quo, especially if changes are not immediately

realized in the short term. On the other hand, direct mandates on the agricultural industry would

swiftly fail in the legislature due to strong agricultural sector lobbying since the hog and pork
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processing industry is a huge economic driver for the state, generating an estimated $10 billion in

value (National Hog Farmer, 2019).

BARRIERS TO INCENTIVIZING FLARING

As with any intersectional and complex political issue, various stakeholder groups will

avoid blame and dodge the burden of a proposed solution. This paper’s primary focus issue with

the hog farming industry of North Carolina is the highly potent greenhouse gas emissions, with

additional localized pollution and odor problems that must be addressed. There is considerable

resistance to implementing regulations that would incentivize methane capture on North Carolina

hog farms, primarily political pushback from energy lobbyists, perception by consumer groups of

increases to energy costs, and ample environmental justice concerns.

Energy Lobbying Pushback

The energy sector would likely oppose this mandate because natural gas companies, in an

effort to reduce their greenhouse gas emissions in order to be compliant with the mandate, would

need to purchase offsets from hog farms that are at least capturing and flaring their biogas. This

will be an expensive deviation from the status quo. Increased costs to natural gas companies will

shift to increased costs to the utilities, which in turn will be passed on to the natural gas

consumers. The NCUC’s mission statement is to “provide fair regulation of public utilities in the

interest of the public '' and “promote least-cost energy planning” at “just and reasonable rates”

(NCUC, n.d.). Yet, as mentioned previously, the General Assembly’s House Bill 951 empowers

the utility commission to “take all reasonable steps” to achieve the 70% below 2005 levels of

carbon dioxide emissions by 2030 (General Assembly of North Carolina, 2021). It is unclear
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whether the utilities would be permitted to pass along increased costs to the ratepayers, and what

proposed rate increase value would be deemed “reasonable.”

Public Consumer Groups Perception

If utilities were able to recover the increased costs initiated by the mandate on natural gas

companies, as permitted by the NCUC, the increase in electricity rates would cause upset

amongst consumer groups. North Carolina ratepayers are already displeased with House Bill

951’s provision for multi-year rate making. According to an ACEEE Energy Burden Report

assessing the United States broadly, low-income, Black, Hispanic, and Native American

households spend a far greater proportion of their income on energy bills than the average

household, in addition to already facing systemic inequalities and barriers to advancement

(Drehobl, Ross, & Ayala, 2020).

The mandate we propose on natural gas companies, however, would be limited to an

incentive on methane emissions reductions on hog farms, so unfortunately it would not, by

design, address the other waste management issues that have negatively affected nearby

communities. What is more, this proposed mandate could potentially increase electricity bills,

affecting low income communities of color, at the same time that it also fails to repair the

extreme odor and pollution issues from hog farms. Boosted funding to buffer low-income

ratepayers from inequitable rate increases, as well as assistance programming to connect

residents to this sort of funding, could work to prevent unfair impacts of this proposed legislation

on low income residents and communities of color.
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Environmental Justice Concerns

People living in hog farm-adjacent communities are largely economically disadvantaged

and bear the brunt of extremely poor odor conditions, and are more vulnerable to the risk of

flooding and drinking water contamination with each successive hurricane season as a

consequence of hog farm proximity. Researchers from the University of North Carolina (UNC)

and Concerned Citizens of Tillery found that North Carolina hog farms are disproportionately

sited in low income, communities of color (Wing, Cole, & Grant, 2000). While North Carolina

has both corporate integrated hog farms and independent hog growers, these researchers found

that corporate hog farms in particular were more concentrated in poor, nonwhite areas (Wing,

Cole, & Grant, 2000). A study by University of North Carolina researchers recognized a spatial

pattern of environmental racism with hog farm siting, as Black, Hispanic, and Native American

people were found to be 1.54, 1.39, and 2.18 times more likely than non-Hispanic White people

to live within 3 miles of an industrial hog operation in North Carolina (Wing & Johnston, 2014).

Community advocates anticipate that incentivizing any development of biogas will

eventually produce profits for the hog industry, and ultimately may lead to the repeal of the 1997

moratorium on new hog farms (Sainato & Skojec, 2020). A repeal of the moratorium may lead to

increased hog farming activities in North Carolina, with fewer regulatory restrictions, leading to

exacerbated environmental injustices, all without a proper address of the problematic

lagoon-and-sprayfield system.
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Health Risks

Communities living near hog CAFOs have ample cause for concern. A North Carolina

Medical Journal report released in 2018 found low life expectancy in southeastern North

Carolina communities living near CAFOs, even after socioeconomic variables were taken into

account. Specifically, there were increased incidences of all-cause and infant mortality and

deaths from anemia, kidney disease, tuberculosis, septicemia; as well as more hospital

admissions for low birth weight infants (Kravchenko et al, 2018). This report does not aim to

establish causality, as it’s noted that life expectancy and health outcomes may be correlated with

regional health practices, access, and environmental characteristics.

North Carolina hog farms are not only disproportionately located in low-income

communities of color; these farms are also in the state’s coastal floodplain which is

geographically vulnerable to contaminant exposure and flood risks. As explained in “From

Farms to Factories: The Environmental Consequences of Swine Industrialization in North

Carolina,” runoff from swine waste application is transported through drainage ditches to

slow-moving creeks and rivers (Edwards & Driscoll, 2009). Researchers estimate that these

traits, paired with the region’s sandy, permeable soil, make the area vulnerable to soil

contamination from hog farm operations, especially as they continue to employ the

lagoon-and-sprayfield system.

Lagoon design guidelines are meant to reduce nitrogen, phosphorus, manure oxygen

demand, and odors, as well as prevent spills or overflow. Lagoon facilities must be designed to

withstand a 25-year 24-hour precipitation event and runoff from the drainage area, with space at

the top of at least 12 inches (Natural Resources Conservation Service, 2019). For example, per

1997 regulations, post-1997 swine houses or lagoons must be at least 1,500 feet away from
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residences and 500 feet away from water wells. Further, sprayfield or land application must

occur at least 75 feet away from any residential property or stream, other than irrigation ditches

(Natural Resources Conservation Service, 2019).

Still, lagoons in eastern North Carolina are known to overflow during hurricane events,

which are unfortunately common for the coastal region, resulting in devastating floods. In 1996,

Hurricane Fran flooded ten lagoons and in 1999 Hurricane Floyd flooded forty-six operations

(Wing, Freedman, & Band, 2002). These manure lagoon floods mean destroyed crops, extensive

property damage, and highly contaminated surface waters and at-risk drinking water for

communities in the area (Moon, 2018). In response to flooding disasters, by 1997 the North

Carolina General Assembly passed the Clean Water Responsibility Act (CWRA), which

established a moratorium on new or expanding hog farms permitted later than March 1, 1997.

The moratorium eventually became permanent in 2007, expanded to prohibit lagoon construction

or operation in the 100-year floodplain, and by 1999 a government swine farm buyout program

was established to eliminate hog farming in the floodplain (Harmin, 2015; NCDA&CS, n.d.).

Still, flood risks remained; in 2018, Hurricane Florence overflowed fifty lagoons and caused

extensive damage (Davis, 2018). In response to Governor Cooper’s recovery recommendations

for expanding the floodplain to the 500-year area, the legislature boosted funding for the

program by $5 million (Oglesby, 2021).

As mentioned previously, the manure on hog farms tends to be stored in large lagoons

with water and anaerobic waste-stabilizing bacteria. When lagoon levels reach a certain capacity,

the excess liquid manure is sprayed onto the fields. This lagoon-and-spray field system is

infamously the source of the intense odor, air pollution concerns, and groundwater contamination
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risks. Particularly undesirable odors happen during seasonal turnovers of manure and inversions

in atmospheric temperature (Pfost, Fulhage, & Rastorfer, 2000).

Odor & Contamination

It is unclear the impact that anaerobic digesters utilized in waste-to-energy projects would

have on odor and water contamination. Lagoon covers alone may cause nitrogen and ammonia

buildup, which could lead to contaminated soil when liquids from lagoon waste systems are

applied to land (Prasodjo et al., 2013). Anaerobic treatment of the manure in the

lagoon-and-sprayfield system purports to control odor and reduce nitrogen and phosphorus

build-up, however, reporting to the contrary persists. In a collaborative effort by Duke

University, Google Inc., Duke Energy, other partners, and government grants, a hog

waste-to-energy project on Loyd Ray Farms not only produces energy, annual offsets, and RECs,

but the system claims to reduce odor and soil toxicity (Duke University Office of Sustainability,

n.d.). In theory, properly designed and managed digesters and decomposition systems are

supposed to reduce the odors in liquid manure systems (PennState Extension, 2012). However,

anaerobic digesters and waste-to-energy projects don’t necessarily translate to an improvement in

odor. The Heartland Biogas project installed a $115 million anaerobic digester to a cattle manure

and food waste system in Weld County Colorado and shortly resulted in hundreds of odor

complaints and a lawsuit (Marmaduke, 2017).
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The Smithfield Agreement

After the devastating Hurricanes Fran and Floyd, Smithfield Foods came into an

agreement with the Attorney General of North Carolina to fund $15 million worth of research

and development to find better waste management systems than the lagoon-and-sprayfield

system, and furthermore to implement a system that was environmentally superior and

economically viable (Attorney General of North Carolina, 2000). After exhaustive efforts by a

North Carolina State University team of researchers and advisors led by Dr. C. M. Williams, a

few Environmentally Superior Technologies (EST) candidates were identified. However, none

met the threshold of economic feasibility; the leading EST, cost roughly $400 per 1,000 pounds

of pigs, while the status-quo lagoon-and-sprayfield system cost a mere $87 per 1,000 pounds of

pigs (Buford, 2018).

Recommendation on Improving Conditions for Communities

If the state government of North Carolina was compelled to value the needs and rights of

the low income, communities of color that neighbor hog farms over the interests of the

agricultural industry, then it would be advisable for the General Assembly to develop legislation

to require the use of ESTs and more rigorous soil and air testing to monitor for contamination.

The substitution of lagoon-and-sprayfield systems for ESTs would undoubtedly result in an

increase in costs for hog farms, but the well-being and health of disadvantaged communities

must be taken into account. The contamination risks and extreme odor nuisances are unjust

conditions to which these communities should not be subject.
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CONCLUSION

To conclude, North Carolina has enormous potential to reduce greenhouse gas emissions

and meet one of its key Clean Energy Plan goals: reducing electricity sector greenhouse gas

emissions by 70% below 2005 levels by 2030. This report estimates that 28% of the needed

reductions for this goal could be achieved if all permit-active farms in North Carolina

implemented a biogas capture and flaring system. The North Carolina regulatory attempts to

limit hog farm emissions have failed to yield the sorely needed reductions. North Carolina needs

a more immediate tool to incentivize reductions on hog farms. Though biogas-to-energy projects

would produce valuable energy, biogas flaring is preferred in order to secure maximized

emissions reductions in the short term.

To incentivize methane flaring, legislation could be developed to mandate natural gas

companies reduce the greenhouse gas emissions from their fuels. This would prompt them to

purchase carbon offsets from hog farms that capture and flare, and could develop into purchasing

energy from these farms if deemed feasible by farms. The biggest challenges to advancing such a

mandate on natural gas companies include resistance by energy lobbyists, consumer pushback to

increased electricity rates, and environmental justice concerns if care is not taken to avoid a

disproportionate impact on vulnerable communities.
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APPENDICES

Appendix A. Alternatives for methane abatement on hog farms
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The above graphic illustrations depict the status quo of North Carolina hog farms along with the
alternatives to the status quo that our project evaluated: (1) methane capture and flare, (2) methane
capture and onsite energy generation, and (3) methane capture and RNG energy generation.
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Appendix B. ERCE- IPCC Sixth Assessment Report Global Warming Potentials

The above table entitled “IPCC Sixth Assessment Report Global Warming Potentials” contains
information from IPCC but was adapted into this simplified table, sourced from ERC Evolution
(ERCE, 2021). For this project, the most recent AR6 CH4 non fossil origin values of 27.2 and
80.8 were used to understand CO2 equivalence on 100-year and 20-year timeframes,
respectively.
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Appendix C. Greenhouse gas emissions by livestock category

The above “Table 5. Greenhouse gas emissions by livestock category and source in 2007” is sourced from
the Agriculture, Food & Analytical Bacteriology Journal review covering “Greenhouse Gas Emissions
from Livestock and Poultry” (Dunkley & Dunkley, 2013). The table illustrates the higher CO2e emissions
rates of swine as compared to poultry, thus the table is used to support our project’s pursuit of methane
emissions reductions on hog farms as opposed to poultry farms.
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Appendix D. Biogas production rate

The above “Biogas production rate” Table 7 is sourced from the Nicholas Institute report conducted by
Prasodjo et al. (2013). The chart displays both methane and energy (btu) generation under two
infrastructure scenarios: covered lagoons or mixed digesters. Data is given from 8 different types of
farms, as a “per nominal head” unit or a “per 1,000 lbs. of [steady-state live weight] SSLW” unit.
Regardless of the unit chosen, when comparing energy generation in btu from covered lagoons to mixed
digesters, the rates of energy generation from mixed digesters is far larger.



49

Appendix E. Farm types

The above graphic illustration displays the eight farm types utilized in our analysis. With permitted hog
farm data from the Animal Feeding Operations program of the Department of Environmental Quality,
which contained farms classified in terms of farm type (the type of hog they raised), we matched this data
with Prasodjo et al. study data about methane and energy generation rates per head of hog, also classified
in terms of the farm type. As described in Prasodjo et al. study: ‘Farrow to Wean’ farms raise pigs from
birth to the weaning stage; “Wean to Feeder” farms raise young pigs from the time they have completed
weaning until they are moved to the next stage; “Feeder to Finish” farms focus on feeding and raising
pigs until they are of market weight to be sold; “Boar” farms only house male hogs for breeding; “Gilt”
farms only house young females up to around 6 months of age; “Farrow to Feed” just contains both the
“Farrow to Wean” and “Wean to Feeder” stages; “Wean to Finish” similarly contains both the “Wean to
Feeder” and “Feeder to Finish” stages; and finally, “Farrow to Finish contains all stages, from “Farrow to
Wean,” “Wean to Feeder,” and “Feeder to Finish” (Prasodjo et al., 2013)


