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Abstract

This article examines the intricacies of
environmental credit generation from concentrated
animal feeding operation (CAFO) farm systems.
Livestock production generates large amounts of
manure (solid and liquid waste) and consumes a
high volume of water that producers must manage
to control odors and reduce pollution. To mitigate
environmental impacts such as nutrient releases
and greenhouse gas emissions, anaerobic digesters
(ADs) can be used in CAFOs to avoid certain
nutrient releases and capture the methane (CHy)
produced when manure is broken down anaero-
bically. Policy incentives have increased the use of
ADs to reduce waste volumes and produce biogas
for energy or bioelectricity, but the overall digester
adoption rate is still very low (U.S. Environmental
Protection Agency [U.S. EPA], 2010; 2014). To
cover the higher cost of AD adoption relative to
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other forms of waste management, farmers may
supplement the revenues they generate from the
conventional outputs of a livestock operation (e.g.,
milk or meat) by selling credits into environmental
markets. One question that arises is whether a
single operation can sell into multiple credit mar-
kets by “stacking’ credits—that is, receiving
multiple separate environmental payments to
finance the conversion to AD technology. The
issue is that the use of stacked credits introduces
the possibility that some of the stacked credits
might be for benefits that are “non-additional” in
that they do not produce incremental pollution
reductions and thus are suspect for use in off-
setting a buyer’s pollution. This article describes
the stacking problem and explores possible solu-
tions, such as temporal constraints on credit
issuance and discounting credits to account for
additionality problems.
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Abbreviations Used

AD Anaerobic digester

AFO Animal feeding operations

BMP Best management practices

CAFO Concentrated animal feeding operation
CAR Climate Action Reserve

CCA Clean Air Act

CWA Clean Water Act

ELGs Effluent limitation guidelines

ESs Ecosystem services

GHG Greenhouse gas

K Potassium

MRV Measurement, reporting, and verification
N Nitrogen

NMP Nutrient management plan

NPDES National Pollutant Discharge Elimination System
NPSs Nonpoint sources

0&M Operating and maintenance

P Phosphorus

PSs Point sources

REC Renewable energy certificate

RPS Renewable portfolio standard

TMDL Total maximum daily load

USDA U.S. Department of Agriculture

U.S. EPA U.S. Environmental Protection Agency

U.S. GAO  U.S. Government Accountability Office

VSs Volatile solids
WLA Waste load allocation
Introduction

Protein consumption is increasing worldwide, and
much of it is produced under some type of concen-
trated animal feeding operation (CAFO). Making
these CAFO operations more environmentally
sound is essential to improving local water and air
quality and to mitigating climate change risks. Live-
stock waste containing nutrients such as nitrogen
(N), phosphorus (P), and potassium (K) is typically
treated on-site and subsequently applied to the land
as a fertilizer. CAFOs, and especially daities (the
focus of this article), are farm systems that produce
significant amounts of these nutrients, on the order
of 80 pounds (80 pounds) of manure, containing
0.45 pounds (0.20 kg) of nitrogen, and 0.07 pounds
(0.03 kg) of phosphorus, per day for each 1,000-
pound (454 kg) dairy cow (USDA NRCS, 1992).
Nutrient application rates that exceed plant uptake
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can generate excessive release into waterways,
causing serious environmental damage. Various
studies have demonstrated that N and P in dairy
waste can lead to eutrophication problems in
ecosystems (Smith, Tilman, & Nekola, 1999).
Decomposing manure also emits methane (CHy), a
greenhouse gas (GHG) with approximately 25
times the 100-year global warming potential of
carbon dioxide (CO2) (Myhre et al., 2013). It also
emits ammonia (NH3) and hydrogen sulfide (H>S),
which contribute to localized air pollution. Thus,
manure management at CAFOs has an effect on
climate and the environment through changes in
GHG emissions and air and water quality.

To lessen environmental impact, CAFOs need
to meet water and, potentially, air quality standards
under the Clean Water Act (CWA; 33 U.S.C. §1251
et seq., 1972) and Clean Air Act (CAA; 42 U.S.C.
§7401 et seq., 1970). For compliance, CAFOs have
been employing various technologies to reduce
contaminants in their waste streams. These treat-
ment methods include both aerobic (with oxygen)
and anaerobic (without oxygen) processes and the
filtration of wastes in wetlands (Arvanitoyannis &
Giakoundis, 2000).

Anaerobic digesters (ADs) can be used in
CAFOs to capture the methane produced when
manure is broken down anaerobically. Policy
incentives, primarily through voluntary adoption
with cost-share or other forms of subsidy, have
increased the use of this relatively mature tech-
nology to reduce waste volumes and in some cases
to produce biogas for energy with the captured
methane, but the overall digester adoption rate is
still very low (U.S. EPA, 2018).

To cover the higher cost of AD adoption rela-
tive to other forms of waste management, farmers
may supplement the revenues they generate from
the conventional outputs of a livestock operation
(e.g., milk or meat) by attempting to sell credits
into multiple environmental markets. If they use
the captured biogas to produce electricity on-site,
they may be able not only to reduce their own on-
site energy costs or sell power to the electrical grid,
but also to sell renewable electricity certificates
(RECs) to buyers seeking credit for using
renewable power.

Another possible revenue source is GHG
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credits, also known as carbon credits, and nutrient
credits are examples of products sold in environ-
mental markets that could help livestock producers
cover the cost of installing and operating ADs.
These credits, as described further below, can be
used as marketable “offsets” that buyers can use to
help meet their GHG reduction goals, renewable
energy goals, nutrient pollution reduction goals
(either regulatory or voluntary), or all of the above.
One issue that arises is whether a single operation
can sell into multiple credit markets by “stacking”
credits. Stacking refers to receiving multiple envi-
ronmental payments to finance the conversion to
AD technology. A critical issue with credit stacking
is whether it can be done without violating “addi-
tionality” criteria (Robertson et al., 2014). Addi-
tionality ensures that environmental credits gen-

<«

erated by a project represent emission or pollution
reduction relative to a business-as-usual scenario.
In other words, a reduction that would not have
occurred in the absence of said project is said to be
additional to the status quo. Environmental credit
markets typically seek to pay only for additional
pollution reductions below some baseline level,
making violations of additionality problematic
from the perspective of the project’s financial
viability (Verified Carbon Standard, 2013).

Currently, no public policy addresses environ-
mental credit generation in these farm systems, or
in any other system in which multiple credits could
be generated. The ambiguities that result from the
lack of regulation, rules, or guidance might prevent
some operators from adopting an AD system in
their operations.

Clearly, multiple payments can increase reve-
nues and thus increase the attractiveness of the AD
investment. However, the use of stacked credits
also introduces the possibility that some of the
stacked credits might be for benefits that are “non-
additional” in that they do not produce incremental
pollution reductions and thus are suspect for use in
offsetting a buyer’s pollution. This article informs
the development of environmental credit markets
by (1) explaining various forms of stacking, such as
horizontal, vertical, and temporal, and (2) describ-
ing when stacking would be acceptable and when it
would be problematic.

This article explains the issues of how the
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dynamics of environmental credit programs can
affect the intended environmental outcomes, which
may help address issues stemming from CAFO
systems that generate stacked credits. It offers
background information on CAFO waste handling
systems, types of pollution generated, and types of
environmental payment options for CAFOs. It fur-
ther identifies which types of incentives are and are
not needed to induce AD adoption, and how rules
for additionality and stacking affect these incen-
tives in these farm systems. This information could
be the basis for identifying the roles that govern-
ment agencies such as the U.S. Department of
Agticulture (USDA) may be able to play in estab-
lishing market standards or in gathering the data
necessaty to support standards not imposed by
government. Although the focus is on technology,
market, and institutional factors affecting environ-
mental crediting from AD adoption at dairies in
the United States, the issues addressed are relevant
for a wide range of ecosystem service markets that
arise in countries throughout the world.

Data Sources and Methods

No federal agency collects consistent and reliable
data on CAFOs, which makes it challenging to
credibly determine how many there are in the U.S.
(Miller & Muren, 2019; U.S. GAO, 2008). An
analysis of historical farm trends shows that a
reasonable range in the number of operations of
dairy CAFOs in the U.S. is somewhere between
2,700 and 4,300 (U.S. GAO, 2008). This number
aligns very well with more recent data from the
2012 Census of Agriculture that shows 3,464 dairy
operations with more than 500 head of livestock
(USDA, 2019). These large dairy CAFO operations
represent about 60% of the U.S. animal inventory,
or 10.8 million dairy cows (USDA, 2019).

We assessed the environmental impacts of
these CAFO operations as a snapshot for 2015
through a literature review focusing on nutrients,
GHG emissions, and various manure treatment
technologies. We calculated the prevalence of AD
technology adoption at operating CAFOs based on
U.S. EPA (2014) data and the AgSTAR database,
which provides information on anaerobic digester
projects on livestock farms in the U.S. The costs of
AD installation and operation were based on ICF
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(2013), adjusted to the year of analysis, 2015, using
the federal Consumer Price Index (U.S. Bureau of
Labor Statistics, n.d.).

Current Public Policy on Waste Management

in CAFOs

Animal feeding operations (AFOs) are defined by
the U.S. EPA (40 C.F.R. § 122.23, 2014) as feeding
operations in which animals have been, are, or will
be stabled or confined and fed or maintained for a
total of 45 or more days in any 12-month period,
and in which crops, vegetation, forage growth, or
post-harvest residues ate not sustained in the not-
mal growing season over any portion of the lot or
facility (U.S. EPA, 2008a). A CAFO is defined as
an AFO that is large (e.g., 700-plus dairy cows),
medium size (e.g., 200-699 dairy cows), or a signzfi-
cant contributor of pollutants to U.S. waters (U.S. EPA,
2008a).

U.S. Environmental Regulations Relevant to CAFOs
CAFOs were identified as point sources of pollution
in Section 502 of the CWA. The CWA, through
the National Pollutant Discharge Elimination
System (NPDES) permit program (CFR Title: 40,
122.23(b)(1), 1990), sets effluent limitation guide-
lines (ELGs) and standards for certain pollutants
from CAFOs. The CWA specifically mentions
CAFOs, which are considered point sources under
the act. In recent years, the U.S. EPA has increased
the regulation of CAFOs, especially those operat-
ing anaerobic lagoons for waste management. After
a series of changes, the final 2008 CAFO rule
requires CAFOs to apply for permits if they dis-
charge waste and nutrients into waterways (U.S.
EPA, 2008). Along with the permit application,
CAFOs that discharge waste must also develop a
nutrient management plan (NMP), which is a tool
for managing N and P through best management
practices (BMPs) to meet effluent limitations and
standards. The CAFO rule states that producers
must calculate their nutrient release either in terms
of pounds of nutrient pet acre (i.e., using the Jnear
approach), or the amount of wastewater (i.e., using
the narrative rate approach). In either case, an annual
report must be filed with release estimates. Overall,
there is evidence that the enforcement of both
water and air quality regulations relevant to CAFOs
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has been very limited to date (Hoover, 2013;
Merkel, 2006; U.S. GAO, 2008).

Wastewater Properties and Management

Livestock waste management operations systems
address manure production, environmental resi-
duals, processing, and resource recovery. This
article focuses on dairy CAFOs and describes
conventional manure management processes and
material flows of waste management (Figure 1).
The specifics vary by type of livestock, operation
size, and geographic location, but waste manage-
ment processes include some or all of the follow-
ing: flushing of waste, recycling of wastewater,
waste storage, and pumping, digestion of waste,
waste spreading, and solids separation and han-
dling. Solids can either be composted or put
through the optional anaerobic digestion process,
which yields soil amendments and bedding, biogas,
and liquids containing nutrients. Liquids gathered
either in solids separation or as outflow from the
AD can be used for process water, applied to the
land, or put through nutrient removal processes
that yield irrigation water, fertilizer, or products
used for industrial purposes. Conventional meth-
ods of storage before land application vary across
CAFOs and may include anaerobic lagoons, roofed
storage sheds, storage ponds, underfloor pits, or
above- or below-ground storage tanks (USDA
NRCS, 1992). Of these methods, anaerobic
lagoons tend to be the least expensive and,
therefore, are often used in the management of
wastewater (Pfost & Fulhage, 2000).

Pollutants associated with dairy manure
management include the nutrients phosphorus and
nitrogen (in the forms of nitrous oxide and nitrate,
and ammonia); hydrogen sulfide; particulate matter
(PM,); and the GHGs methane, nitrous oxide, and
carbon dioxide. When manure is land applied, its
properties affect soils, ground and surface water
quality, and air quality from local to global scales.
Some nutrients, such as nitrogen, are recyclable
through plants, whereas others, like salts (sodium
or chlotine), are not and can have adverse effects
on soils if applied in excess. From an environ-
mental perspective, nitrogen, phosphorus, potas-
sium, volatile solids (VSs), and salinity are the
wastewater properties of most interest.
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Figure 1. Process and Material Flow Diagram of Dairy Manure Management
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Note: Grey boxes represent process outputs, arrows represent material flows, and dotted lines show material flows that are not part of
conventional manure management. Dairy manure characteristics per cow are shown for a typical 635kg (1,400 pound) lactating dairy cow.

Source: Van Horn, Wilkie, Powers, & Nordstedt, 1994.

Anaerobic Digestion

During the AD process, bacteria break down
organic material in the absence of oxygen and
produce biogas, which contains 55—70% methane,
30—45% carbon dioxide, and other trace gases
(Lazarus, 2008). The methane created in the AD
process can be captured and either flared to
produce carbon dioxide (a less potent GHG) or
used as energy that can supplant fossil fuels
(Murray, Galik, & Vegh, 2017). ADs thus have
received attention for their potential to mitigate
GHG emissions. However, with proper design,
ADs have been shown to not only capture
methane, but also have the potential to assist in
odor control, reduce air and water quality degrada-
tion, and increase nutrient management flexibility,
thereby generating environmental benefits in

Volume 9, Issue 2 / Winter 2019-2020

addition to reduced GHGs (Lazatus, 2008; Yiridoe,
Gordon, & Brown, 2009).

Technology and Economics

The components of an AD include the digester
vessel, manure handling system, gas handling and
use system, and manure storage tank. Several types
of ADs exist (Table 1), but the most widely used
ADs in dairy systems are plug flow, complete mix,
covered lagoon, and fixed film (Lazarus, 2008,
Table 1, p. 9). The type of AD used depends on
manure qualities (e.g., liquid, slurry). Free-stall dairy
operations with daily-scraped alleys work well with
ADs because the manure does not get mixed with
dirt or stones and is moved into the digester while
fresh. However, drylot dairies, beef, sheep, and
poultry operations are not compatible with ADs

127



Journal of Agriculture, Food Systems, and Community Development

ISSN: 2152-0801 online
https://www.foodsystemsjournal.org

Table 1. Anaerobic Digester Types and their Prevalence among Dairies with Operating Digesters

Covered lagoon Other

Plug flow Complete mix
Description A long, narrow concrete An enclosed, heated
tank with a rigid or
flexible cover hydraulic, or gas mixing  cover
system
M Works well for scrape Designed to handle
anure type manure management  slurry manure
systems for semi-solid  effectively
manure
Prevalence (%) 53 32

An anaerobic lagoon  Induced blanket reactors

tank with a mechanical, sealed with a flexible (IBRs) develop a blanket of

sludge that retains anaerobic
bacteria; fixed-film digesters
contain plastic media which
bacteria attach to and grow

IBRs works best with highly
concentrated waste; fixed-
film technology is suitable for
diluted waste

10 5

Used for flush or
dilute manure in
warm climates

Sources: North Carolina Cooperative Extension, 2012; U.S. EPA, 2014b; U.S. EPA AgSTAR, 2018.

because the manure may decompose before it is
scraped.

In 2009, the U.S. Secretary of Agriculture set a
target to reduce GHG emissions from dairy
operations by 25% before 2020, using ADs as the
primary method for meeting this goal (USDA,
2009). Though costs have been falling steadily over
time, AD adoption rates have been low due to the
high upfront capital and operating and
maintenance (O&M) cost requirements. Of the
approximately 3,464 dairy CAFOs with more than
500 animals in the U.S. (USDA, 2019), only 282
(8%) have ADs (U.S. EPA, 2019). A U.S. EPA
AgSTAR report has identified 500 dairy cows or
2,000 head of swine as the minimum for which an
AD is likely to provide positive financial returns,
but this threshold depends on the cost of
alternative (fossil) fuel sources for electric power
generation, a factor made more relevant by the
recent substantial decline in natural gas prices (U.S.
EIA, 2016). Based on available data (ICF, 2013),
adopting an AD in a 500-animal dairy CAFO
requires an upfront capital investment of
US$600,000- US$875,000 to construct the digester
unit itself and an additional US$110,000—
US$160,000 annually for operation and
maintenance. For an average size operation
(n=2,394, U.S. EPA, 2014), the capital costs of a
covered lagoon, complete mix, or plug flow
digester are in the range of US$1.6, US$1.8, and
US$2.2 million 2014 inflation-adjusted (U.S. BLS,
2014), respectively (ICF, 2013). A report on
digester economics in the state of California, the
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largest dairy producer in the United States, con-
cluded that the costs of building an AD typically
outweigh the benefits (revenue) if ecosystem
services (ESs) are not priced (Lee & Sumner,
2014). As described above and elaborated on
below, these ESs can be priced through a credit
program and can include carbon credits, nutrient
reduction credits, and—if the AD is producing
renewable energy—REC:s.

Potential for Pollution Reductions

Methane emissions reductions

According to ICF (2013), methane generation and
capture per dairy cow ate approximately 582 to 690
m3/year/animal (384 to 455 kg/year/animal),
depending on the type of AD. Different types of
digesters allow for varying degrees of substrate
breakdown and capture. If the manure of all 10.8
million cows in large CAFOs (USDA, 2019) were
treated in an AD, the potential amount of methane
emission reductions, depending on AD type, are
3.6 to 4.2 MMt methane/year, assuming an 85%
collection efficiency (CAR, 2009). This is equal to
13.6%-16.0% of U.S. methane emissions in 2016—
a carbon dioxide equivalent of 90 to 105 MMt car-
bon dioxide equivalent per year or the subtraction
of some 14 million cars off U.S. roads. However,
these numbers are not counted against a baseline,
which in this case would be an aerobic or anaero-
bic conventional manure management system with
positive emissions.

Volume 9, Issue 2 / Winter 2019-2020
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Nitrogen, Phosphorus, and potassium reductions

Relative to conventional manure management sys-
tems, ADs do not change the amount of nutrients
in the waste stream and do not significantly reduce
manure volume. In fact, anaerobic digestion does
not reduce the mass of total nitrogen and phos-
phorus within the waste stream; it only mineralizes
organic nitrogen and phosphorus to inorganic
forms, ammonia, and phosphate, respectively. Am-
monia can be converted to nitrate for plant uptake
and is preferred for minimizing nitrogen leaching
losses.

As part of a conventional manure management
system, solids separation can remove 10%—20% of
nitrogen and 5%—20% of phosphorus (Frear,
2012), and this process can be part of an AD oper-
ation. Dedicated nutrient recovery systems and
methods such as micro-screens, centrifuges, poly-
mer flocculation, nitrification/denitrification,
ammonia stripping, and struvite can help extract
additional nitrogen and phosphorus from waste
effluent with varying efficiency (Ma, Kennedy,
Yorgey, & Frear, 2013). These technologies tradi-
tionally are not used at CAFOs but are being devel-
oped and tested as post-processors of ADs for the
expressed purpose of reducing nutrients from the
effluent, typically for land application in lieu of fer-
tilizers. According to one industry source, current
nutrient recovery technology can achieve effluent
nitrogen recovery rates of 40% and phosphorus
recovery rates of 80% (Informa Economics, 2013).
These rates are equivalent to 0.1-13 kg nitrogen
and 0.04-0.07 kg phosphorus/cow/day. A more
recent study claims that current technology is capa-
ble of removing 98.3% of nitrogen, 100% of phos-
phorus, and 99.15% of potassium, from the efflu-
ent, which could result in large credit generation
potential, depending on these rates compated to
regulatory requirements and baseline practices
(Douglas, 2012). Whether a nutrient recovery sys-
tem is installed postdigestion or as a standalone
operation in a conventional system depends on
various factors, such as whether the nutrient reduc-
tion benefits justify the additional costs of adding
the nutrient recovery system. The monetization of
nutrient reduction benefits will be affected by the
dairy operators’ ability to sell nutrient reduction
credits.
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Adoption Economics

Because AD is a costly addition to conventional
waste management systems, with or without an
additional nutrient recovery system, dairy operators
need some economic or regulatory reason to cover
an AD’s costs and incentivize adoption. The up-
front cost of AD adoption has been a large obsta-
cle yet to be overcome at scale, even with the avail-
ability of numerous funding mechanisms; it will be
a larger obstacle if nutrient recovery systems are
added (U.S. EPA, 2012). Funding for the construc-
tion of ADs may come from grants, loan guaran-
tees, ot similar funding mechanisms. Although
these subsidies can be useful in covering up-front
costs, the focus of this article is on the potential for
AD to generate economic value beyond the core
commodity outputs (e.g., milk or meat).

Value Stream from Bioenergy Production

One potential revenue source from AD is from the
on-site generation of biogas or electricity that can
be sold into energy markets or used to reduce on-
site energy costs (Murray et al., 2015). One ques-
tion producers might face is whether to use the
biogas produced on-farm to produce power on-site
ot to ship off-farm as piped biogas, assuming such
a connection to the system is feasible. Broader
energy market trends, specifically those in the natu-
ral gas market, have a large influence on biogas
markets and affect how producers use the biogas
captured in ADs. Pipeline biogas, a substitute for
natural gas, may be competitive with the on-site
generation when natural gas prices are high, which
does not describe the current reality (in 2019), but
could if prices increased due to restrictions in sup-
ply or increases in demand. Another potential
soutce of revenues could come from environmen-
tal markets that buy pollution reduction credits, as
described below.

Revenue from Credits Sold in Environmental Markets
Other potential revenue sources to finance AD
adoption are from environmental markets, particu-
latly those for GHG reduction offset credits,
RECs, and nutrient reduction credits. These credits
and certificates can be sold to other entities seeking
compliance with regulatory mandates (e.g., renewa-
ble portfolio standards now in place in approxi-

129



Journal of Agriculture, Food Systems, and Community Development

ISSN: 2152-0801 online
https://www.foodsystemsjournal.org

mately 30 U.S. states [Batbose, 2018]) or to volun-
tary buyers. These markets ate in various stages of
development, and several areas of ambiguity
remain.

GHG Credits

When the conventional CAFO waste management
technology without AD adoption is an anaerobic
technology (e.g., lagoon storage of wastes), it gen-
erates emissions of methane, a greenhouse gas. As
discussed above, ADs can provide a way of reduc-
ing methane emissions by decomposing the
manure in the digester. Though GHGs have been
the subject of regulation in the U.S at the federal
level for over a decade, specific regulations to
achieve reductions have lagged.! Meanwhile,
GHGs have been regulated in 10 U.S. states. While
agriculture is not likely to be a directly capped
source under federal or state programs in the
foreseeable future, emissions reductions from AD
adoption could, in principle, be used to generate
GHG offsets for those facilities that are facing
GHG regulation. This is now the case under the
current cap-and-trade law controlling GHGs in
California. These reductions could also enter into a
voluntary market for emissions reductions without
a regulatory inducement.

The generation of such GHG reduction credits
is typically verified by third-party organizations,
registered by a voluntary registry, or used for com-
pliance (e.g., in the California market) after the
appropriate conversion of methane credits to cat-
bon credits, based on the higher global warming
potential of methane relative to carbon dioxide.

In the U.S., the California compliance carbon
market and voluntary carbon markets have pub-
lished protocols that describe how ADs can gen-
erate credits only if an anaerobic system, such as an
anaerobic lagoon, was in place prior to the adop-
tion of AD technology. The reason for this is that
methane is not generated in aerobic systems, and
thus installing an AD on an aerobic system would
increase methane production rather than reduce
emissions below the status quo.

Other requirements of protocols also affect
ADs. For instance, the Regional Greenhouse Gas
Initiative (RGGI, 2013), which regulates power
plant emissions in nine Northeastern U.S. states,
declares that GHG offsets cannot be generated if
the offset project has an electric generation compo-
nent, unless the legal right to credits is transferred
from the project sponsor. This caveat would apply
to ADs regardless of size.

Renewable Electricity Certificates

RECs represent environmental and other non-
power attributes of renewable electricity generation,
but not the electricity itself (U.S. EPA, 2008b).
This definition has been referenced as the concep-
tual basis for RECs, including GHG benefits (one
attribute of renewable electricity), and might by
itself suggest that RECs and GHG credits should
not be sold separately. There has been an ongoing
debate about this issue, however. For example,
according to North Carolina’s NC Senate Bill 3,
GHG effects are not included in RECs (North
Carolina General Statutes § 62-133.8(a)(6), [2014]).
Specifically, the statute states that “A ‘renewable
energy certificate’ does not include the related
emission reductions, including, but not limited to,
reductions of sulfur dioxide, oxides of nitrogen,
mercury, ot carbon dioxide” (para. # 6). Thus it
would appear that legislation such as this, which
separates GHGs from other environmental attri-
butes inherent in RECs, can override any presumed
restriction on the sepatation of a GHG credit and
an REC.

To others, such as the U.S. EPA, a REC repre-
sents one megawatt-hour of renewable electricity
and the right to claim the attributes (benefits) of
the renewable generation source for only one
buyer. Specifically, the EPA states that a REC
represents the environmental, social and other
non-power attributes of renewable electricity gen-
eration (U.S. EPA, 2019b). Therefore, the debate
over exactly what attributes a REC does and does
not include remains unresolved, and no oversight
from government or independent parties currently

1 At the federal level, GHGs are deemed a pollutant to be regulated by the U.S. EPA under the Clean Air Act, but recent federal
efforts to regulate GHGs have been tied up in legal and political combat, including a federal cap-and-trade program that failed to clear
the U.S. Congtress in 2011 and the Trump administration’s reversal of GHG caps on the electric power sector in 2017.
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exists. It is thus important to pay attention to the
governing laws of the system in which RECs are
sold.

State renewable portfolio standards (RPSs)
require a certain percentage of the electric power to
be supplied by renewable sources such as wind,
solar, and bioenergy. RECs ate generated by
renewable electricity producers and are used by
power utilities to collectively meet their renewable
generation requirements under state RPSs. Renew-
able power producers thus produce two distinct
commodities: undifferentiated electricity (renewa-
ble power that has the same physical characteristics
as non-renewable power) and RECs. They can sell
the power into the grid like any other producer, but
they sell RECs into a separate commodity market.
The buyers in the REC commodity market are the
power companies in states that are obligated to
meet the RPS target. A company is compliant if the
ratio of RECs to total generation equals the RPS
target.” In some cases, there are special “carve-
outs” for specific types of power. For instance, in
North Carolina, the RPS target is 12.5% by 2021
for investor-owned utilities (10% by 2018 for
cooperatives and municipalities), but 0.2% of
power must be met by bioenergy from swine oper-
ations and 900,000 MWh from poultry waste, both
of which are tied to AD production methods, illus-
trating how major agricultural producer states can
put in place particular incentives based on their
own situation.

Wherever the electricity produced from
methane through the AD process qualifies under
an RPS, digester operators can sell RECs at the
actual market price separately from the actual elec-
tricity. Conventional manure management systems
typically do not produce electricity or biogas,
because methane collection is difficult without an
AD. The producer who does produce power using
biogas from an AD system typically signs a power
purchase agreement with a utility company to sell
the generated electricity, which is equal to the total
renewable electricity production in the AD. Alter-
natively, the producer can use the electricity on-
farm to run equipment and reduce operating costs.

Nutrient Credits

In 2003, the EPA issued a Water Quality Trading
Policy that stipulated the conditions under which
water quality trading could be used to meet compli-
ance with total maximum daily load (TMDL) limits
for nutrients (N and P) and sediments (U.S. EPA,
2003). Under these provisions, regulated sources of
these pollutants, in principle, can engage in nutrient
trading to meet the loading requirements more
cost-effectively. Nutrient credit trading is defined
as the sale of a unit of nutrient credit that was gen-
erated by a source as a result of nutrient reduction
below that source’s permit limit that the buyer can
use to compensate for its own exceedance of that
limit by a corresponding amount. Agriculture oper-
ations are typically considered nonpoint sources
(NPSs), which include all sources and means other
than direct discharges from point sources (PSs), by
which pollutants may end up in water bodies.

In the case of ADs, the regulatory process for
credit calculation is conceptually straightforward
but can be difficult in practice (Douglas, 2012).
CAFOs and ADs are distinct from other agricul-
tural activities in that they are regulated point
sources under the CWA and can discharge no
more than their waste load allocation (WLA),
which is included in their NPDES permit. CAFOs
are required to be “zero discharge” for the produc-
tion area itself per 40 CFR 412, but CAFOs are still
assigned a WLA because of possible overflows
from the production area. However, by installing
an AD to digest manure, and a dedicated nutrient
recovery system to remove nutrients, the CAFO
may earn PS nutrient credits by reducing nutrient
outflows to below that specified on its NPDES
permit. Thus, the credit is calculated as the amount
of pollution reduction below the CAFO’s permit
limit, ot:

Credit = WLA vitgonr ap— Waste Load wiy a0 (1)

Nutrient credit trading can take one of three
forms: (1) credits generated by PSs available for
sale or transfer to other PSs for regulatory compli-
ance; (2) credits generated by PSs and NPSs for

2 Power producers in states facing an RPS are typically allowed to use RECs that are generated in other states, as long as the

credits are verified and have cleared a registry to ensure that they are only used once in any state.
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regulatory compliance for PSs; or (3) credits gener-
ated by PSs and NPSs sources for regulatory com-
pliance for both PSs and NPSs. ADs regulated as
point sources under the CWA can best take
advantage of nutrient credit markets in the third
scenario because of higher credit prices due to
higher demand.

Baselines and Additionality

Two of the environmental credit markets of inter-
est in this article—nutrients and GHGs, but not
RECs—generally seek to pay only for additional
pollution reductions below some baseline level.
The fundamental calculation for a pollution reduc-
tion (offset) credit can be expressed:

Credit = Baseline pollution — Pollution with AD (2)

Nutrient Baseline = W1.A. “Baseline” pollution
refers to the pollution expected from an operation
if standard operating practices are followed and, in
the case of water pollution, mandated nutrient load
allocations are met. For example, the baseline level
of nutrient pollution for a CAFO is its WLA speci-
fied on its NPDES permit. Because nutrient loads
from CAFOs are regulated—although monitoring
of nutrient pathways in the effluent for land appli-
cation, or monitoring of water quality on-site is not
required—the only additionality requirement for
nutrient crediting is that the waste load with AD be
below the WLA, as discussed in the previous sec-
tion and defined in Equation 1.

GHG Baseline Alternatives. For other pollutants that
are not directly regulated at CAFOs, such as
GHGs, baseline determination is more compli-
cated. In principle, it is the quantity of that pollu-
tant generated under current conventional manage-
ment practices, which include practices at similar-
size operations in a similar location. If a compara-
ble cohort is not available, or if a new facility is
being considered, there are several alternative ways
to define a baseline, as described below.

In principle, crediting occurs when emissions
are reduced below the baseline, as long as the
action is deemed additional to what otherwise
would have occurred under business-as-usual cit-
cumstances. In practice, the application of base-
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lines and additionality principles can be compli-
cated. In environmental markets, four forms of
additionality are typically considered (World
Resources Institute [WRI], 2014):

e Regulatory additionality refers to environ-
mental benefits beyond those required by
law;

e Temporal additionality refers to new prac-
tices implemented after a certain point in
time;

e Performance standard (also known as
“baseline”) additionality establishes a per-
formance standard above which the
adopted action is considered a material
improvement over business as usual; and

¢ Financial additionality means that projects
would not have occurred without the reve-
nue provided by a crediting market ot pro-
gram.

Using the Climate Action Reserve (CAR) pro-
tocols for GHG credits as examples, there are dual
additionality requirements: (1) regulatory addition-
ality, using a legal requirement test; and (2) a pet-
formance standard. In the case of an AD, the legal
requirement test would find that there are no laws,
statutes, regulations, or mandates requiring the
installation of an AD in livestock operations (CAR,
2013a) or that limit GHGs from CAFOs in any
way. The performance standard test would require
detailed analysis, including baseline emissions mod-
eling and calculating projected methane emissions,
the difference of which is the number of credits
calculated.

Temporal additionality is fairly straightforward
in that it sets a date certain after which payments
would be deemed non-additional. The financial
additionality criterion, though not used by CAR,
could be used in other future protocols, and we
argue is the most relevant criterion to the issue of
credit stacking. Financial additionality tests whether
or not a project is financially viable when all
sources of revenue, excluding revenue from envi-
ronmental markets, are considered. The underlying
question is whether stacking leads to a situation in
which some projects would be financially viable
with some but not all of the credits being issued.
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Therefore, the financial additionality criterion is
met for an environmental credit stream in question
if, absent that stream (and including all other reve-
nue sources, including other environmental cred-
its), the project is not financially viable.

The stacking of environmental market credits
allows producers to receive payments for multiple
ecosystem services generated by a new project or
practice, such as AD adoption. In the case of a
CAFO, stacking can take four forms (WRI, 2014):

e Horizontal: Different environmental credits
issued for different projects on the same
property.

e Vertical: Different environmental credits
issued for one project.

e Temporal: Different environmental credits
issued over time.

e Payment: Combining other forms of
finance (e.g., government cost-share pro-
grams) with environmental credits.

From a financial additionality standpoint, the
least concerning for a CAFO is horizontal stacking,
because each project, if fully independent, should
have its own distinct set of financial and additional-
ity requirements. Consider a large farm that plants
trees to sequester carbon for GHG credits, uses
best cropland management practices to reduce N

Table 2. Hypothetical Example of the Impact of Credit
Stacking on the Profitability of AD Adoption

runoff, and adopts an AD to manage CAFO

wastes and possibly generate GHG credits. Each of
these projects stands on its own and should pre-
sent no additionality problems if all credits on the
separate projects go to one landowner.

Vertical stacking and temporal stacking create
potential financial additionality issues for CAFOs
with ADs. That is because the AD system with
dedicated nutrient removal and bioelectricity gener-
ation can potentially supply GHG and water qual-
ity credits as well as RECs, and it is possible that
credits from a subset of those activities would pro-
vide sufficient incentives for adoption, leaving the
remaining credits unnecessary—and, in principle,
non-additional as described above. The environ-
mental value of such non-additional credits is zero
since they represent no additional environmental
benefits from the project, and attributing positive
values to them is equivalent to overestimating the
true amount of pollution reduction these credits
represent. Similarly, payment stacking of multiple
sources of funding for the same project is also con-
cerning, because financial additionality in each en-
vironmental market or other funding sources may
be affected.

Stacking, Baselines, and GHG Additionality under

an AD’s Joint Production of Pollution Reduction

ADs with nutrient recovery can generate multiple
forms of pollution reduction jointly,
meaning roughly in fixed proportions at
the same time. This reality complicates the
notion of a baseline, especially when, by

Revenue Stream

NPV of AD Adoption

stacking, the AD operation is simultane-

Ag commodities only

Negative (unprofitable)

ously paid for by RECs, GHG credits,

Ag commodities
Bioenergy revenues (or cost reductions)

Negative (unprofitable)

and nutrient credits—or two of the
three—raising the financial additionality

Ag commodities
Bioenergy revenues (or cost reductions)
RECs

Negative (unprofitable)

issues just described.
The joint-production-stacking
example can be shown by the hypothetical

Ag commodities

Bioenergy revenues (or cost reductions)
RECs

Nutrient credits

Positive (profitable)

example in Table 2, which shows the
profitability of AD adoption under five
scenarios, ranging from a single revenue

Ag commodities

Bioenergy revenues (or cost reductions)
RECs

Nutrient credits

GHG credits

Positive (profitable)

stream from conventional agricultural
commodities (e.g., milk and meat from a
dairy) to multiple revenue streams from
agricultural commodities, bioenergy,
RECs, nutrient credits, and GHG credits.
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Table 2 shows that adoption becomes profita-
ble once the nutrient credits are added to the stack,
which alone might suggest that an AD with reve-
nues from agricultural commodities, bioenergy,
RECs, and nutrient credits is a viable economic
proposition. If so, it could be asserted that the
availability of these revenue streams creates a “new
baseline” (see equation at the top of this section)
against which the generation of GHG credits
would be evaluated. This new baseline could, in
principle, place some restrictions on the stacking of
nutrient credits on top of the other credits. Estab-
lishing such a baseline would require coordination
among multiple environmental credit markets or at
least the development of joint protocols to use for
the measurement, reporting, and verification
(MRYV) of multiple environmental credits. For
instance, because nutrient reduction would be pre-
sumed to occur under the new baseline for GHG
crediting, it could be argued that no GHG credits
should be issued given that no additional reduc-
tions are being induced by the inclusion of GHG
credits. The reasoning is that the buyer of a GHG
credit would be given the right to emit a corre-
sponding quantity of GHGs elsewhere. Thus, if the
credited action is not associated with a real reduc-
tion, the exchange would effectively allow pollution
to increase rather than to attain pollution neutrality
as intended.

Alternatively, if the AD investment in Table 2
were determined #o7 to be profitable with the nutri-
ent credits in place, the additionality of the GHG
credit stack would not be as questionable. Presum-
ably, the GHG payments would be necessary to
adopt AD and produce the corresponding level of
GHG reductions (and nutrient credits, RECs, and
electricity).

Stacking over time. Now consider stacking over time.
In the Table 2 example, AD adoption might be
expected to occur if the first four revenue streams
(commodities, energy sales, RECs, and nutrient
credits) can be stacked, because the NPV of adop-
tion is positive. However, if GHG crediting

becomes available a couple of years after AD adop-
tion at a specific dairy—a possibility given the pre-
existence of ADs at dairies prior to the establish-
ment of GHG credit markets—the GHG credits
might not be considered additional, because no
actual change in practice would occur to generate
the credits. Because of the path dependence illus-
trated in Table 2, contemporaneous stacking pre-
sents difficulties in determining which credit
streams are non-additional; with temporal stacking,
it is easier to flag such streams as non-additional.’

Fixed versus variable environmental benefits. In the stack-
ing example above, it is assumed that the technol-
ogy produces environmental benefits in fixed pro-
portions. This may not be the case for nutrient
reductions achieved with AD. Substantial nutrient
removal may require a process separate from
anaerobic digestion to further reduce N loadings,
thereby generating incremental nutrient reduction
benefits, but at an incremental cost. In this case,
the conditions under which stacking is acceptable
may include a nutrient credit payment to cover the
cost of the separate nutrient production process. If
so, allowing full stacking of all credits may present
no additionality problem.

Temporal, horizontal, and vertical stacking are
not discussed in crediting programs reviewed in
this article. The California cap-and-trade regulatory
compliance protocol for GHG offsets does not
mention stacking. However, the CAR has been try-
ing to tackle the stacking issue since 2011, when it
formed its Credit Stacking Subcommittee. Cur-
rently, only the CAR Nitrogen Management offset
protocol (CAR, 2013b) mentions stacking, but only
the credit and payment stacking forms of the issue.
The protocol does not comment on the former,
but it provides detailed analyses of stacking where
government payments are used for financing. Be-
cause most environmental payment systems have
developed independently of one another, changes
in their structures are likely needed to achieve a
more streamlined system of environmental markets

(WRI, 2014).

3 However, it is conceivable that the project investor could claim that it is the expectation of a GHG credit market materializing that
caused them to invest in AD, thereby claiming that the GHG credit should be additional. There is no case law that we know of that

addresses this issue.
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Discussion

A unique constellation of market opportunities
presents itself to CAFOs, particularly dairies,
adopting AD. First, in these food production sys-
tems, revenues from environmental markets may
be treated differently than traditional goods be-
cause additionality and stacking need specific
consideration only in environmental markets.
There are important differences between tradi-
tional goods and environmental goods, like GHG
reductions. The former arises from purely innate
preferences for given products, the associated will-
ingness to pay for those attributes, and the technol-
ogy and costs to produce them, all of which deter-
mine a market price and quantity. The role of gov-
ernment in these markets is primarily limited to
ensuring that production occurs safely, dependably,
and competitively.

Environmental goods, such as GHG reduc-
tions, are public goods, which means that they typi-
cally lack “natural” markets to facilitate their ex-
change (Keohane & Olmstead, 20106). Inherent
problems such as lack of excludability and nonrival
consumption lead to free-riding, which makes it
difficult to create and sell GHG reductions in a pri-
vate setting. As such, pollution control usually
occurs through a regulatory mandate. That is the
case here, with one further twist: an environmental
credit generated through AD adoption can be sold
to another party using the credit as a right to pol-
lute elsewhere (an “offset” [Murray, 2010]). There-
fore, if the action undetlying the credit does not
lead to a real pollution reduction, allowing the
credit transfer to occur will lead to an unintended
increase in pollution rather than to a net-zero
change. Prudent efforts to ensure that reductions
are additional to what would have occurred anyway
are important to protect the environmental integ-
rity of the exchange.

Second, it may be difficult to determine
whether a digester should be given credit for all of
the methane and GHGs captured or only the
methane and greenhouse gases that would have
been emitted if the digester had not been used. The
general notion of crediting an action for its level of
emissions reduction is that it captures a level of
emissions that is lower than if the action had not
been taken. But what would have happened other-
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wise? Under AD adoption, the most reasonable
assumption is that the “conventional” forms of
waste management would have been undertaken
(e.g., solids separation, land application). Therefore,
what should be credited is the net difference in
methane and other GHG emissions under an AD
and an estimate of those emissions under conven-
tional management. Crediting all GHGs captured
under an AD would only make sense if all those
GHGs would have ended up in the atmosphere if
conventional practices were followed.

However, ADs can be accompanied by com-
plicating factors. ADs capture a higher percentage
of methane relative to conventional anaerobic non-
AD systems, such as anaerobic lagoons, so the
reductions are presumably creditable if a conven-
tional anaerobic technology would otherwise have
been used. However, if the otherwise-used technol-
ogy had been an aerobic system, little to no
methane would have been generated, so there
would be little to no emissions to reduce. In this
case, AD is only capturing the methane that the
alternative (aerobic) technology would not have
generated. As such, no real emissions reduction
occuts. Based on the CAR protocol, the baseline
emissions equal those from an anaerobic system
used before AD adoption. Thus, if an aervbic sys-
tem had been used, no methane would have been
generated, and no credits would be issued after AD
adoption. There are also intermediate cases; for
instance, co-digesting manure with solids (e.g.,
straw) that would not have been broken down
anaerobically in a conventional system lowers the
amount of emissions reduction attainable by the
AD.

A third issue arises around the number of
nutrient credits generated. A digester potentially
could earn nutrient credits for all of the nuttients
captured on-site and not applied to land near an
impaired watershed. However, a complication
arises when the producer using that digester im-
ports fertilizer to replace the removed nutrients, or
if the removed nuttients are just applied to land
elsewhere in the watershed. As with the question
on the scope of GHG credit, AD—specifically the
nutrient removal technology—should in principle
earn nutrient credits for the difference in nutrient
loadings relative to the WLA without the AD. For
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example, if manure is now processed by an AD
and nutrients are removed by a separate process
rather than land applied, the avoided loadings rela-
tive to the WLA from land application, in principle,
are creditable. However, a consistent approach
would, at a minimum, consider the e change in
loadings from the whole CAFO system. Thus, if
imported fertilizers are now land applied in lieu of
manure on the CAFO property, which used to
apply manure at agronomic rates (e.g., to grow
feed), loadings from those fertilizers should also be
included in the credit calculation. It may still be the
case that the loadings from fertilizer application are
less than those from manure application, making
for a net improvement, but the credits should be
reduced by any loadings that will occur in the new
system.

Matters are more complicated when nutrients
from the AD are applied to land outside the
boundaries of the CAFO property, leading to con-
cerns of spillover effects (leakage) if pollution is
simply displaced. If the nutrients are applied on
lands subject to NPDES permitting, the loadings
are controlled—or at least are controllable—and
spillovers are less of a concern. If nutrients are
applied on lands not subject to NPDES permitting,
there may be spillover effects to consider. If the
land is not subject to NPDES permitting because it
is in an unimpaired watershed, spillover concerns
may be minimized. However, spillover effects at a
scale large enough to transform unimpaired water-
sheds into impaired watersheds would clearly be a
problem. One solution is more careful monitoring
of loadings on all watersheds, but that has a cost.
Another solution would be to avoid overapplica-
tion by requiring nutrient management plans for
farms that receive nutrients from an AD. Policy-
makers should weigh the benefits of nutrient trad-
ing against the potential risks to currently unim-
paired watersheds and the costs of enhanced
monitoring to make a reasoned decision.

Conclusion

Stacking of environmental credits can create prob-
lems in an offset crediting system when the tech-
nology of interest (here, AD) jointly produces mul-
tiple creditable benefits (Robertson et al., 2014).
The problem occurs when credits are assigned for
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some benefits that would be produced anyway—
the non-additionality problem—as when AD adop-
tion is profitable only if a subset of the benefits are
paid for, thereby generating the extra benefits “for
free.” Any credits issued for the free benefits are
problematic if they allow the credit buyer to pollute
more. Solutions to this situation are difficult
because the baseline to which actual performance
is compared is often a counterfactual—something
that did not occur or will not occur, but represents
an estimate of what would have occurred if the
payments were not made. Moreover, with the mul-
tiple credits at issue in stacking, the path depend-
ency and sequencing of payments make the addi-
tionality determination of single-credit payments
particularly challenging. Because of this difficulty,
environmental protocols have largely sidestepped
the issue. The main difficulty is the arbitrary assign-
ment of crediting streams for purely joint produc-
tion technologies; which benefit streams come
first? If each type of credit can be generated only
with incremental effort and cost, additionality is
less of a problem because the revenue from the
additional credits can be compared to that cost.
Until ecological trade-offs among ESs are
better understood, stacking should be used with
caution (Robertson et al., 2014). Currently, no reg-
ulations or U.S. federal resource agencies address
stacking in these farm systems or any other system.
In light of this, Robertson et al. (2014) propose
that stacked credits from a given site be sold only
within an area having the same environmental reg-
ulatory background. One specific solution to the
stacking problem in the case of ADs may be to
allow stacking of all credits available at the time of
AD installation, but to prohibit any further stack-
ing if new credit streams become available after
installation. The rationale for this approach is that
additional elements cannot be separated from non-
additional elements at inception because they are
contemporaneous, but that non-additionality can
be inferred if new credits are made available in the
future for benefits that are being generated from
the start. Although some non-additional credits
might be allowed in this way, this error of commis-
sion must be measured against errors of omis-
sion—Ilegitimate AD projects left out if stacking is
not allowed (Woodward, 2011). Protocols should
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consider discounting (issuing partial credit) as a
way to address concerns of overcrediting in these
situations without eliminating potentially legitimate
projects altogether.

In principle, the additionality challenge with
stacking could be addressed through further pilot-
testing of AD operations under a wide range of
geographic and production system characteristics
and subject to an array of environmental payment
options. This would require more seed financing
for constructing the AD pilot tests and greater
availability of environmental market payments for
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