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On-Farm Anaerobic Digestion: a disaggregated analysis of the policy challenges for

greater uptake

Abstract

In recent years, the multifunctionality of farming activities and diversification of on-farm
income sources have increasingly included renewable energy generation. The uptake of on-
farm anaerobic digestion (AD), however, continues to lag behind other renewable energy
activities. Moreover, on-farm AD is not only a source of renewable energy, but also a means
of farm waste management and thus a means of enhancing environmental quality. This paper
provides an in-depth analysis of the policy barriers that might explain this limited uptake, and
identify key directions for future AD policy design. We draw on a mixed-methods research
design, with data collected by questionnaires, interviews and a round-table workshop of
stakeholders. We analyse our data using a framework that disaggregates ‘policy’ into meta,
meso and micro levels of Policy Means and Policy Ends. We conclude that future policy must
recognise the synergies between on-farm AD as a source of renewable energy and as a means
of waste management, reflected in instrument mix and instrument calibration. Calibration-
stability is also found to be of critical importance. We also offer new insights and
understanding around the application of our chosen policy framework, notably how it can

analyse policies that are nested within large, complex policy systems.

Keywords: Agricultural Energy and Waste Systems; Anaerobic Digestion; Policy Design;

Policy Ends and Means; Renewable Energy; Waste Management

Highlights
- Anaerobic digestion can provide renewable energy and on-farm waste management
- UK AD policy does not reflect the complementarities between these two benefits
- AD policies need to offer stability and certainty to promote uptake decisions
- Better policy design requires coordinated incentives, regulations and information

- Policy analysis is enhanced by looking at multiple levels of policy ends and means
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On-Farm Anaerobic Digestion: a disaggregated analysis of the policy challenges for

greater uptake

1. Introduction

The links between farming and renewable energy (RE) generation are strong. Factors driving
this include farmers providing the space for land-based RE sources (RES), such as wind and
solar, and farmers seeking to diversify income sources. Further, some RES derive from
farming activities, such as on-farm anaerobic digestion (AD) utilising slurry and other animal
and food waste®. However, the uptake in the UK of on-farm AD is limited, despite its dual
benefits of RE generation and waste management (Ackrill and Abdo, 2000). In the context of
the UK government’s net zero strategy for 2050 (House of Commons, 2019; Priestley, 2019),
on-farm AD offers the opportunity for a significant increase in RE generation from its current
low base, whilst also contributing to wider environmental and biodiversity goals, as farm
wastes can be significant sources of pollution (Environment Agency, 2018).

The aim of our research is to explore how policy can be understood as both a source
of limited AD uptake and as a means of increasing uptake, in the context of the UK
government setting itself this ambitious net emissions target. This should also be seen against
the backdrop of a literature on AD that focuses on technical, economic and, to a lesser extent,
behavioural factors, to the almost total exclusion of policy. From this we derive our primary
research question: what are the policy drivers of on-farm AD uptake and what changes are
needed to increase uptake? In addition, our research is also informed by the hypothesis that

the lack of AD uptake is shaped by variations in government policy.

¥ We use the word ‘waste’ in this paper as a convenient shorthand, recognising that this may be a misnomer: ‘An
organic waste is merely an organic resource that is being handled inappropriately’ (Bywater, 2011: viii).
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The basis of this research is in-depth fieldwork conducted in the East Midlands region
of England, specifically the counties of Derbyshire and Nottinghamshire, in 2016 and early
2017. Data collection has been undertaken in three stages: a (large-N) survey of farmers,
followed by (small-N) interviews and a roundtable workshop, attended by multiple
stakeholders. Given our particular focus on policy, data analysis is undertaken utilising a
framework that allows us to disaggregate our unit of analysis, AD policy, into policy means
and policy ends, each then divided into the meta, meso and micro levels (Cashore and
Howlett, 2007; Howlett and Cashore, 2009). The resulting 2*3 matrix allows us to dissect
and understand ‘policy’, as a concept, from which we can identify with considerable detail
and nuance where the policy challenges lie in promoting the greater uptake of on-farm AD in
the UK. Further, in applying the Cashore and Howlett framework to AD policy, we are able
inductively to draw out new insights into this framework and its application and
interpretation.

To this end, in the next section we review the extant research in this area, starting with
state of play of RE generation in UK agriculture. We then summarise the main findings of
our fieldwork, focusing in particular on policy issues. Next, we introduce the framework
within which our data will be analysed, after which we offer our initial analysis. We conclude
with a summary of our main findings and what they mean for policymakers, the AD sector

and farmers.

2. Literature Review — On-Farm AD Uptake in the UK

There are several different literatures that refer to on-farm AD - notably general RE
generation, on-farm RE generation, general AD uptake and on-farm AD uptake. Moreover,
these literatures are all located with the overarching body of research on climate change

mitigation and the transformation of the UK energy mix. We consider briefly below those
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aspects most relevant to our subsequent analysis. First, we review UK energy policy very

briefly, within which we locate the extent of on-farm RE generation.

2. 1. Background — UK Energy Policy in Context

UK energy policy is embedded in a complex multilevel governance structure. Domestically,
the UK committed, in the 2008 Climate Change Act, to reduce greenhouse gas (GHG)
emissions by 35% below 1990 levels by 2020, and 80% by 2050; the latter figure being
raised to 100% (‘net zero’) in 2019 (Priestley, 2019, House of Commons, 2019; see also
DEFRA, 2014, 2015). This exceeds its international obligations: the 20% reductions, by
2020, agreed by the UK as part of both the Kyoto Protocol and the 2009 European Union
(EU) Renewable Energy Directive (RED), the latter no longer having legal relevance to the
UK.

In 2019, UK GHG emissions have been estimated provisionally at 45.2% below 1990
levels (BEIS, 2020). Under the RED, the UK was committed to delivering a 15% share of RE
in gross final energy consumption by 2020. By 2018, this figure stood at 11% (BEIS, 2019a:
122). Energy production from ‘low carbon sources’ in 2018, however, was 19% (BEIS,
2019b: 13). One-third of electricity generated was from renewable sources (BEIS, 2019b:
32): wind (51.7%), solar photovoltaics (11.7%), hydro (5%), landfill gas (3.5%), and other
bioenergy (28%) (ibid), with two-thirds of bioenergy coming from plant biomass (BEIS,
2019a: 114). Overall, the UK is performing well in terms of GHG emissions reductions
relative to targets, but the RE mix remains highly uneven.

Considering farming and RE activities further, farmers and farming activities are
highly diversified. In 2018/19, 26% of farm income in England came from ‘diversified
activities” (£740mn out of a total of £2.88bn on diversified farms; DEFRA, 2019). This

averages-out at £19,800, across the 65% of English farms that have diversified incomes —
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although there will be considerable cross-farm variation. Solar is the dominant on-farm RE
generation technology, located on twice the number of farms as all other RE sources
combined. Total farm business income and output were nearly twice as high for farms with
solar than for farms with other RES, but the latter generated a much higher income and
output from their RES than those with solar (NB separate data for AD are not provided). This
will also translate to high income and output per farm (see Appendix Tables Al and A2).
Regarding numbers of on-farm AD units, IEA Bioenergy (2020: 63) indicates 261
‘agricultural’ units in 2018; whilst the interactive map on the Anaerobic Digestion and
Bioresources Association (ADBA) website identifies 374 ‘agricultural’ units®. With FBS data
for 2018/19 indicating 5,800 farms generating ‘other’ RE in total, AD uptake is clearly

relatively very modest.

2.2. AD as a Waste Management System
AD is not only a source of RE generation, but also a means of waste management (Klinkner,
2014). It has been used in sewage treatment for over a century and has been present on UK
farms since the 1970s (Vutai et al., 2016). It is thus a technology known to be able to treat
wastes, including the by-products and waste products of farming. Farm wastes, such as
slurry, cannot really be reduced. Slurry can be reused, as a fertiliser, but there are practical
limits to this, including having sufficient land area on which to spread it. Further, there are
seasonal variations in the demand for the nutrients that slurry offers. Slurry cannot be
recycled, but such farm wastes have to be dealt with, particularly in the context of their

pollution potential. Figure 1 presents our own understanding of the waste hierarchy.

* As of 7 July 2020.
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Figure 1: The Waste Hierarchy

The Environment Agency (2018: 13) reported that in 2017/18, of the top three regulatory
sectors only agriculture saw a rise (by 13%) in serious pollution incidents. The following year
there was a (coincidental) 13% fall in such incidents, with the dry summer in 2018 allowing
farmers to spread slurry on their land for longer. There was thus less slurry in tanks over
winter 2018/19 — a major source of pollution and a demonstration of the importance of

effective farm waste management.”

® https://unearthed.greenpeace.org/2019/07/26/environment-agency-rivers-pollution-uk/ (last accessed 7 July

2020).
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In terms of Figure 1, we are focusing on recovery, specifically recovery of energy
from the (erstwhile) waste. This captures succinctly how farm wastes can be an input into AD
which, in turn, generates: RE. The balance of the two functions of AD is, however, critically
important. A focus primarily on RE generation could result in policy incentives for the
growing and use of ‘energy crops’, crops with food and feed uses that can be grown
specifically as an input into AD units. A focus primarily on waste management, however,
could limit on-farm AD to a small number of large mixed or livestock farms.

One of the challenges in designing policy incentives that balance RE-generation and
waste management is seen in the incentives for growing crops specifically for use in AD
units. On the one hand, AD-as-waste-management is vulnerable to uneven supply of wastes,
in particular if animals are kept outdoors in the summer months. On the other hand, growing
energy crops raises concerns around the use of land for non-food uses, resulting in food v fuel
debates. An important aspect of this debate is that farm wastes have a lower energy value
(Hoolohan et al., 2019: 400). This could reduce the commercial incentive to utilise them in
AD units, unless policy were designed specifically to account for this difference.

2. 3. Anaerobic Digestion — primary research into on-farm uptake in the UK

The extant literature most closely related to the present paper’s research focus is very limited,
with no study dedicated specifically to the policy aspects of on-farm AD uptake. In their
literature review of manure management strategies (MMS), a topic that includes AD as one
of several MMS, Niles et al. (2019: 11) find 36 articles since 1980, with only 12 in the ‘past
five years’. Their emphasis on the recent past reflects two concerns; first, that in contrast to
an enormous literature on the technical aspects of MMS, there is very little work undertaken
on social aspects; second, that there is hardly any recent work addressing social aspects.

Confirming this general message, there is very little work that has been undertaken to

address the specific question of the drivers of on-farm AD uptake. Hoolohan et al. (2019)
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include three on-farm AD operators in their sample of 15 in total, but we are aware of only
four studies that analyse on-farm AD uptake specifically: Tranter et al. (2011), Tidy et al.
(2015), Roder (2016), and Ackrill and Abdo (2020).

Each has a slightly different analytical focal-point: Tranter et al. (2011) sought to
establish ex ante the energy-generating potential from on-farm AD (farmers across England
were surveyed); Tidy et al. (2015) studied six farms with AD already adopted (in the South
West region of England); and Rdder (2016) focused on the possible land-use implications
from growing energy crops for AD (in the East of England region). All three therefore
utilised different methods of data collection: large-n questionnaire data (Tranter et al., 2011),
small-n comparative case study (Tidy et al., 2015), and interviews, site visits and observation
(Roder, 2016). Ackrill and Abdo (2020) adopt a three-stage mixed methods approach to data
collection that complements and extends the approaches of the other three papers (they focus
on the East Midlands region of England).

Common findings across the studies include, unsurprisingly, AD needing to deliver an
adequate ‘return’ or ‘profit’. The generation of RE is recognised as relevant, although Roder
(2016) finds evidence that this is seen as a benefit more than a driver. Waste management is
also seen as an important factor. These studies find similar barriers, including set-up costs,
planning processes, an uncertain and unstable policy environment affecting returns, lack of
information about AD and availability of feedstocks for AD units.

On the question of growing energy crops (notably maize) specifically for use in AD units,
this was seen quite differently to the intense debates around land-use and land-use change in
the context of growing feedstocks for biofuels (Ackrill and Kay, 2014). Tidy et al. (2015, p.
274), merely observe that one way to boost AD uptake is to increase feed in tariffs (FiTs), ‘to
recognise energy crop costs’. Roder (2016, p. 79; see also Ackrill and Abdo, 2020) found that

stakeholders were sanguine about using farmland to produce energy crops:



©CO~NOOOTA~AWNPE

Farmers also argued that land has always been used for non-food crops, e.g. for animal
feed, malting or other industries. For them land use or even food-fuel conflict as such
does not exist as different crops have different functions within the agricultural system
and land use is therefore multifunctional. The interviewed farmers raised also concerns
that the amount of food wasted along the supply chain is a much bigger land user than

energy crops.

That said, this positivity (or absence of criticality) amongst farmers in particular stands in
contrast to arguments found in both the academic literature (Lij6 et al., 2017) and in UK
policy documents (DECC/DEFRA, 2011). In the present paper, it is important to distinguish
between farmers choosing freely to grow energy crops for use in AD units as a business
decision, and farmers growing energy crops as a result of targeted policy incentives.

In the research reported below, our research questions and research design take
inspiration from the factors identified above in these few relevant studies. The present study
is, however, the first to seek both an in-depth, unified understanding of the potentially
multiple policy factors that might be holding back on-farm AD; and how policy change might

be targeted to reduce those barriers; resulting from our detailed analysis of “policy’.

3. Data Collection

Our research (see also Ackrill and Abdo, 2020), involved a three-stage mixed methods design
— an approach that stands in contrast to most other papers discussed above. First, we
distributed a questionnaire to farmers in the East Midlands counties of Derbyshire and
Nottinghamshire. This combined open and closed questions, generating primarily qualitative
responses (the quantitative data provided a profile of respondents — see Appendix Tables A3
and A4, and Appendix Figure Al). The regional National Farmers Union (NFU) office, on

our behalf, sent questionnaires to its 1,586 registered members in these counties, in March

10
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2016.° 153 usable questionnaires were received back, a response rate of 10% (lower than
Tranter et al., 2011, but comparable to Maye et al., 2009, cited by Tranter et al.).

Second, we conducted 18 in-depth interviews with AD stakeholders (see Table A5 for
details). To ensure consistency, all interviews were conducted by one researcher. They were
all audio recorded and then transcribed by the researchers. Where necessary, follow-up
contact was made to clarify particular responses. The interviews were semi-structured, guided
by the project research questions, the academic literature and a preliminary analysis of the
survey data. The third stage of data collection consisted of a workshop of AD stakeholders,
held at Nottingham Trent University in January 2017. Participants represented the farming

and AD industries, local authorities and academia.

4. Dissecting Policy — Analytical Framework

A critical part of policy analysis is to determine precisely the unit of analysis: policy. In order
to explore potential policy (in)effectiveness and propose policy changes with the aim of
delivering a different outcome, the different dimensions of a particular policy must be
distinguished. To this end, in the present paper we draw upon the work of Ben Cashore and
Mike Howlett (see, in particular, Cashore and Howlett, 2007; Howlett and Cashore, 2009;
Howlett, 2011). Table 1 sets out their decomposition of policy. Drawing on Hall (1993), they
identify three distinct levels of policy, labelled in Table 1 as the Meta, Meso and Micro
levels. Cashore and Howlett then distinguish between policy ends and policy means —

something that Hall refers to, but does not develop.’

Policy Level

® This may lead to a slightly biased sample, as not all farmers will be members of the NFU.

" Hall’s work thus remains known principally for distinguishing between modest and endogenous first order
(micro) and second order (meso) changes on the one hand, and exogenous third order (meta) paradigm change
on the other.

11
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Governance Mode Policy Regime Programme Settings

Meta-level Meso-level Micro-level
High-level abstraction Programme-level Specific on-the-ground
operationalisation measures
Policy Ends | Goals: abstract general Obijectives: Setting: Specific
policy aims operationalisable policy policy targets
objectives

The most general macro-level | The specific meso-level areas that | The specific on-the-ground

statement of govt aims and | policies are expected to address in | micro-requirements

ambitions in a specific policy | order to achieve policy aims necessary to attain policy
— area objectives
c
[«5]
s
g Policy Instrument Logic: Mechanisms/Instruments: | Calibrations: Specific
(@}
g Means general policy Policy tool choices policy tool calibrations
(&S] . .
E implementation

preferences

The long-term preferences of | The specific types of governing | The specific ‘settings’ of
govt in terms of the types of | instruments to be used to address | policy tools required to
organisational devices to be | programme-Ilevel objectives attain policy targets

used in addressing policy

aims

Table 1: A Taxonomy of Policy Decomposition

Sources: Adapted from Cashore and Howlett, 2007: 536; Howlett and Cashore, 2009: 39; Howlett,
2011: 17.

Using the Cashore and Howlett 2*3 matrix, we can take a policy and explore what it is trying
to achieve and how it is trying to achieve it. From this, we can analyse policy dynamics over
time with greater nuance, and we can disaggregate what we mean by ‘policy change’ — both
in ex post analyses and in terms of forward-looking policy recommendations. This framework
has been used before in the analysis of agricultural policy (Kay and Ackrill, 2010), but it
remains relatively underutilised in energy policy analysis. It is also important to note that this
is a framework, not a theory. Its use requires a degree of interpretation of different aspects of
policy, given also that our research design includes the analysis of both interviews and
qualitative responses to open questions on the questionnaire. That said, it is being used as the

basis for analysing specific policies. As a result, we adopt a critical realist approach:

12
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whatever people’s opinions and concerns may be, they are analysed in the context of specific

policies.

5. On-Farm Uptake of AD: A Critical Policy Analysis

In this section, we consider AD in the context, first, of the three levels of policy ends, going
from the, highest, meta-level to the lowest, micro level of analysis. We shall then repeat this

for policy means.

5. 1. AD, Policy Ends and Policy Means —an Introduction

When considering the Policy Ends for AD, what are the policy Goals towards which AD can
contribute? AD contributes to two broad policy goals — the generation of RE and the
management of waste and pollution. One of the question-marks over AD arises from this very
fact: to what extent are these two broad goals reflected in policy design and implementation?
The principal policy Objective of on-farm AD policy concerns on-farm AD uptake. In this,
we are interested in both the promotion of on-farm AD and the factors that limit its potential
uptake. At the micro-level, policy Settings seek to promote AD uptake. AD must be
affordable to buy and economically viable to operate, without which it will not find a place in
the farm business.

As for Policy Means, what is the Instrument Logic required to deliver on the Policy
Ends? In cases especially of market-expansion beyond a small niche scale (Lazarevic and
Valve, 2020), government intervention is needed to expand both supply and demand; where
the market is delivering a socially sub-optimal outcome. In this context, instrument logic can
take one or both of two forms: fiscal incentives and regulatory interventions. Following the
Tinbergen Principle (see del Rio and Howlett, 2003; Knudson et al., 2017), we can argue that

we need (at least) as many instruments as targets. In the current analysis, however, it becomes

13
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clear that we also need to ensure an appropriate and aligned mix of instruments across the
Instrument Logics of incentives and regulation. Indeed, it is clear that in the policy literatures,
especially those related to energy and the environment, the relationships between instruments
and targets is more complex than Tinbergen implies (see, inter alia, Knudson, 2009; del Rio
and Howlett, 2013; Boscén, 2020).

From this, we can identify a range of Mechanisms/Instruments as the policy tools of
choice. Possible incentives can include access to credit, grants and subsidies for the purchase
of AD units; and FiTs for the generation of RE. Regulatory measures include oversight of
planning processes, the movement of feedstocks onto and between farms to use in AD units,
the use of digestate as a fertiliser and, controls on pollution, such as nitrate runoff. Turning to
policy instrument Calibrations, again a distinction must be drawn between the fine-tuning of
incentives and regulations. Examples regarding incentives include interest rates, collateral
requirements and payback periods, the precise terms by which grants and subsidies are
offered, and the level of FiTs. With regulatory interventions, are they mandatory or
voluntary, what level of pollution, nitrate runoff, etc might be permissible, are regional
variations required, and how practical is it for the farmer to obtain the necessary permissions

to install AD on-farm and to operate it effectively?

5.2. Policy and the Uptake of On-Farm AD — an Analysis of Qualitative Data
In Ackrill and Abdo (2020) we presented an analysis of stakeholder perceptions of the key
barriers to greater on-farm AD uptake in the East Midlands region of England. This was
based on a carefully-structured content analysis (Table 2). In the present paper, the specific
focus on policy coding in our more narrowly-defined analysis still takes us into all of the

themes and the sub-themes presented.

14
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Main Themes Sub-Themes

Planning and regulatory complications

o » ] Multi-level governance (MLG) complications
Institutional and Political Barriers

Opposition of local communities

Stability of regulations and regulatory measures

Awareness of AD technologies and regulations
Awareness of AD

Awareness of UK government’s RE incentive measures

Supply of feedstock to on-farm AD

. . . Grid connectivity
Economic and Technical Barriers

Availability of finance

Type and size of farms and farming business

Table 2: Analytical Themes of Barriers to on-farm AD

Source: Ackrill and Abdo (2020: 5)

The first finding to report is that all stakeholders interviewed — and farmers surveyed —
argued for the active involvement of policymakers in the promotion of AD. There is, in short,
a strong demand for policy support for AD. The rest of this section considers, in greater
detail, current policy ‘supply’, its limitations and where more policy action is felt to be
needed from AD stakeholders’ perspectives. We base this discussion around the structure of
our policy taxonomy set out in Table 3, looking first at Policy Ends: goals, objectives and
settings.

Considering first the broad policy Goals the foregoing discussion, confirmed in our
fieldwork, highlights AD both as a source of RE generation and as a technology for waste
(and pollution) management. The principal policy Objectives is then defined in our main
research question — increasing the uptake of on-farm AD. That said, participants® also
identified a series of factors (discussed in detail later) that, ultimately, put limits on the
practical scale of increased on-farm uptake; factors that policymakers need to recognise in

declaring their ambitions when designing on-farm AD policy. Finally, we consider policy

® We use ‘participants’ when referring to responses given both by interviewees and those who completed the
questionnaire, and ‘interviewees’ when referring only to responses raised in interviews.

15
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Settings, which seek to identify what is required in order to deliver on the policy objectives.
From our research data we identify three principal categories of settings — affordability,
economic viability and practicality.

We turn now to Policy Means: Instrument Logic, Mechanisms/Instruments and
Calibrations. Having set out what policy seeks, or should be seeking, to achieve we now
focus on how this can best be delivered. The first point is that there are many more
Instruments than Objectives. A much closer parallel exists between Instruments and
Settings, with the latter fine-tuned through the Calibration of the chosen Instruments.
Although this observation is intended as a general insight into the structure and application of
the 2*3 matrix, it also reflects a growing recognition of what has been called ‘new policy
design’ (Howlett et al., 2015). This relates powerfully to the challenge facing AD policy,
since it describes a situation where ‘multiple tools are used over time in policy packages
designed to address multiple goals, and upon more complex multi-policy and multi-level
design contexts’ (Howlett et al., 2015: 291). We discuss this further below, when we reflect
on the application of the 2*3 matrix in policy analyses.

There are two dominant Instrument Logics at play in the promotion of on-farm AD:
(fiscal) incentives and regulation (sometimes referred to, respectively, as market-based and
command-and-control). This derives closely from the (environmental) economics literature
(of which Hahn and Stavins, 1992, is an early example). These concepts capture the essence
of a literature starting with Lowi (1964, cited in Peters, 2015; and Cairney, 2020), who
identified policy responses as involving regulatory, distributive, redistributive and constituent
(as described in, inter alia, Cairney, 2020: 21). The second and third of these categories are
distinct types of fiscal intervention, whilst the fourth is contextual, referring to ‘policies

designed to shape the formation of other policies’ (Peters, 2015: 65).

16
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Whilst both RE generation and improving the management of wastes have
considerable societal value, their delivery cannot be presumed simply by farmers ‘doing the
right thing’ via their farm businesses. They are concerned primarily with the private costs and
benefits of their activities. In the context of both Policy Goals and Policy Objectives, our
research confirmed the need for both regulations and policy incentive in instrument-design to
deliver more on-farm AD. In this regard we recall the merit-good argument for government
intervention in a market. Without policy intervention there may be on-farm AD uptake, but it
will be below a socially-optimal level.

In addition to incentives and regulation, a significant feature of our fieldwork was the
extent to which information was lacking — with regard to many aspects of AD as a
commercial opportunity and the decision-making process around AD-adoption — a situation
that many farmers in particular were aware of and wanted to be corrected. We thus include
Information Provision as an instrument logic. That said, this is not something that is
exclusive to governments and public policy. As is clear from Table 1, the Cashore and
Howlett framework was designed to focus on public actors and policies. In practice, however,
in many cases non-governmental actors are involved in the policy process. We thus propose
that this framework can be interpreted to accommodate non-governmental actors and actions
in a way that reflects governance more broadly.

Mechanisms/Instruments are the tools that policymakers use to deliver policy
outcomes. We summarise these in Table 3. These have been identified from a content
analysis of the responses to open questions on the survey and the interview data. These have,
in turn, been separated into incentive and regulatory instruments. Following on from the
foregoing, we also include information as a key instrument. Participants identified a number

of issues about which they wanted to know more. These included how AD could fit into

17
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existing farm systems, the nature and consequent economic effects of using different
feedstocks in the AD unit, and details around the planning process for AD.

Turning finally to policy Calibrations, whilst both an appropriate mix of instruments
and alignment with objectives are necessary conditions for policy success, so too is
appropriate policy calibration. They will determine both the practicality of investing in AD
and the economic viability of such an investment. A separate, but deeply interconnected,
aspect of calibration highlighted by several respondents as deterring investment was for a
lack of calibration-stability. This is seen most strikingly with incentive-related calibrations, in
particular relating to FiTs and the Renewable Heat Incentive (RHI).

With regulation, calibration can take different forms. It can, like fiscal incentives,
refer to specifically-calibrated values, for example nitrate levels in water courses, whether
there is need or merit in setting regional variations in such indicators, etc. More broadly,
calibration can refer to whether a policy is mandatory or voluntary. Generally, the word
‘regulation’ implies mandatory policy targets — that is, it takes the form of hard law and is
thus legally enforceable. That said, even a voluntary approach to ‘regulation’ (in the form of
soft law) has been shown to deliver significant desired policy responses (Ferrero Ferrero and
Ackrill, 2016). Once again, information featured heavily in participant responses relevant to

questions of instrument calibration.

18
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Governance Mode Policy Regime Programme Settings
Ends Goals Obijectives Settings
Renewable energy generation Increased on-farm AD uptake Affordable to adopt
Waste and pollution management (recognising the notional upper limit) Practical to adopt
Affordable to run
Means Instrument Logic Mechanisms/Instruments Calibrations

Incentives (fiscal)
Regulation

Information provision

(Incentives)

- credit/grants/subsidies for AD purchase
- Feed-in Tariffs

- Renewable Heat Incentive
(Regulation)

- planning process

- feedstock movements

- digestate use as fertiliser

controls on pollution, runoff, etc.

Information-

(Incentives)

- interest rates

- collateral requirements

- payback periods

- grant/subsidy terms and conditions
- Feed-in Tariff levels

- Renewable Heat Incentive tariffs
(Regulation)

- mandatory versus voluntary

- acceptable pollution/runoff levels
- regional variations

Information-

Table 3: Policy Ends, Policy Means and On-Farm Anaerobic Digestion Uptake —a summary of key themes
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5.3. Discussion of Findings and Future Policy Directions

In this section, we reflect on the data analysis, summarised in Table 3, and the implications
this has for both our understanding of policy and for possible future directions that AD policy
can take. The key findings are then summarised in Table 4. The first point to note from Table
3 is that the key focus of this research, promoting on-farm AD adoption, is located at the
Policy Regime level. In other words, on-farm AD uptake is itself a means to an end (strictly,
to two ends). The analysis presented here is, in effect, nested within higher-level ambitions
related to combatting climate change and environmental degradation. This is an important
point in the context of understanding and applying the 2*3 matrix of Cashore and Howlett in
policy analysis. In the language of economics modelling, it is a partial equilibrium
framework, a snapshot of one specific ‘policy’ that, in practice, exists both in time and in
relation to other policies.

There are two aspects of Policy Ends that require further exploration, building on the
foregoing analysis. First, several participants expressed concern that the distinct aspects of
RE generation and waste management were not being considered in a joined-up way. This is
then reflected in both Instruments and Calibrations, where multiple incentives and regulations
are in place, but without substantive consideration of the extent to which the two Policy
Goals are linked symbiotically. For example with incentives, FiTs and the RHI reflect
renewable energy considerations, without incorporating the societal benefits from improved
waste management. With regulations, rules enabling the movement of wastes between farms
could enhance the economic viability of on-farm AD units, as well as strengthening the waste
management potential of AD.

Second, there is crucial point on Policy Ends, not captured in Table 3, that requires
further consideration. Whilst there is broad agreement across participants in terms of all

levels of Policy Ends, there also exist practical limits to the scale of potential on-farm AD
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uptake and, therefore, to its potential contribution to RE generation and farm waste
management. This, in turn, limits the extent to which on-farm AD can contribute to the
higher-level goals of combatting climate change and environmental degradation. We consider
now the factors that were identified by participants.

A key problem is simply that AD is not seen as a suitable investment by many
farmers, given its perceived incompatibility with several types of farming activity. 56% of
respondents to our survey reported that it was not appropriate for their farm business. Only
some types of agriculture generate the type and quantity of wastes suitable for use in AD
units, with only some requiring careful management (essentially slurry and manure). Even
where AD is compatible with existing farm business activities, there is still the issue of
reliable and steady feedstock supply. Problems can arise where animals are grazed outdoors
for a part or much of the year. This issue was raised only by farmers, but several of them
made this point. This raises the possibility that AD is most suitable for farms that operate less
animal welfare-friendly policies regarding indoor housing.

Even if regulations on the movement of wastes are relaxed to smooth the supply of
feedstock, as noted above, there might be a limit to the land area on which the resulting
digestate can be spread as a fertiliser, unless regulations on its transport and use are also
adjusted. A further point raised by a number of participants related to the size of AD units
that are available. This affects the ability to purchase a unit (see below), but it also relates
directly to the scale of demand for feedstock required to run the AD unit efficiently.

Turning to Policy Means, there was not only acceptance of a role for government
action, but a strong desire for government intervention in the market. There were, as a result,
no responses that questioned the two Instrument Logics identified in Table 3. There were,

however, plenty of comments relating to both Policy Instruments and Policy Calibrations. We
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consider first specific fiscal incentives, followed by regulations. The role of information is
incorporated into this discussion, as appropriate.

Affordability was raised by many participants as a critical factor. This, of itself, is
unsurprising, but the concerns expressed indicate the scale of the problem. In terms of the
ability to purchase an AD unit, participants suggested targeted credit, grants and subsidies as
instruments that could help this. Even if these were not provided directly by government, a
number of participants argued that they could be underwritten by government. A related
aspect was concern over the size of the AD unit. This is a factor that not only affects the
purchase price, but most other economic aspects of the purchase decision. A specific issue
that some participants raised was the cost of purchasing an AD unit by tenant farmers. As one
put it, they would be investing a large amount of money in someone else’s business.

The foregoing discussion refers to the affordability of AD, regardless of which Policy
Goal is being pursued. Other fiscal incentives relate specifically to AD as a source of RE
generation. Key among these, as confirmed by almost all interviewees (see also Hoolohan et
al., 2019: 400, for AD more widely) is the FiT, with several interviewees also highlighting
the role of the RHI. Moreover, whilst the FiT was highlighted as being a critical factor in the
decision to purchase an AD unit, some interviewees highlighted the fact that as the FiT was
being reduced by the government, so some operators were moving increasingly from
electricity generation to Combined Heat and Power (CHP), in order to be eligible for the RHI
(given also, one participant noted, that recipients earn more for heat-generation than for
electricity).

With all incentive-based instruments, calibrations are critical to an individual’s
decision over AD uptake. With FiTs and the RHI, however, a number of participants
expressed concern about the negative effect that changes in the FiTs and RHI incentives had

on the decision to invest. One interviewee reported that funding for some planned AD
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projects had been withdrawn as a direct result of government reductions in FiTs. More
generally, and consistent with basic economic theory, uncertainty reduces investment — but
this applies a fortiori to investments that are dependent on an adequate level of FiT in the
first place. This also links to the question of payback periods, itself an important calibration,
given that adequate FiTs need, ideally, to be guaranteed for a long time (several interviewees
mentioned 20 years). Finally, an issue related to certain locations, raised by a small number
of participants, is whether a farm is connected to the grid. If not, AD can still deliver waste
management and generate electricity (and possibly heat as well) as an offset to purchased
inputs. But in such a situation it would only be eligible for a generation tariff, not as well an
export tariff (although only one interviewee drew this distinction).

Turning to regulatory instruments and their calibration, a distinction can be drawn
between planning processes on the one hand and a series of instruments that are
environmental in their focus. A great many participants expressed concern over planning
issues, with some admitting a lack of understanding of the planning process. No participant
argued for the removal of planning regulations, but there was strong support for a more
relaxed approach to planning than at present for on-farm AD. There was also concern
expressed over the costs involved, especially given the uncertainty of outcome. One locality-
specific concern raised by some participants was that farmers operating in the Peak District
National Park faced specific constraints in their activities.

One set of issues raised connected planning and environmental regulations.
Considering planning issues first, a number of these link with information provision. Several
participants, and not only farmers, believed that the restrictions on the movement of wastes,
especially between farms, were excessive. This, however, would increase traffic flows, that
could affect local communities and which planners would have to balance against the benefits

of AD. It also links to an issue linking planning and information that a number of participants
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raised: a lack of understanding of AD amongst planners and local communities. One example
given was the question of odours: experience showed a belief that AD would increase, rather
than mitigate, farm odours (see also Niles et al., 2019: 8). More than one interviewee also
referred to the frustration of dealing with locals who opposed AD on the basis of ‘not in my
back yard’ and ‘anti-stuff” arguments. In response, one participant with experience of both
sides of the planning process advised that farmers thinking of getting an AD unit should
engage actively and positively with local communities and with planning officers from the
outset.

Looking further at the question of information, we sought to understand farmers’
awareness of a range of incentive- and regulation-based policy instruments. Responses are
summarised in Figure 2. This distribution was confirmed by the interview data, where FiTs
and the RHI were discussed by most interviewees, some mentioned the Renewables
Obligation, a few mentioned the Renewable Transport Fuel Obligation (all of them to
confirm its irrelevance to on-farm AD), a small number were aware of the Roadmap and
nobody mentioned the others. In addition, 21% of questionnaire respondents gave lack of

information about the AD technology itself as a barrier to adoption.
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Figure 21: Awareness of UK Government RE Policy Measures and Instruments

Several years ago, Bywater (2011: 36) called for ‘a single and definitive point of information
for regulations surrounding anaerobic digestion’. The foregoing leads us to repeat this call.
The Anaerobic Digestion and Bioresources Association (ADBA) is an extremely important
industry body, but it is itself a stakeholder. The Waste and Resources Action Programme
(WRAP) is active in this area, yet the fact remains: the uptake of on-farm AD remains very
modest. WRAP offers a potential model for what Bywater called for, but WRAP itself, as
structured currently, is focused more on waste resources than renewable energy generation,
and operates across a wide range of waste-producing sectors. Expanding the resources for
WRAP, or establishing an AD-specific body, has resource implications, but these must be
judged in relation to both waste management and RE generation considerations. We

summarise the key features from this reflection on our findings in Table 4.
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Governance Mode Policy Regime Programme Settings
Ends Goals Objectives Settings
Widespread agreement on the two goals Opportunities to increase on-farm uptake Viability: economic and environmental
Limitations must also be recognised Practicality
Means Instrument Logic Mechanisms/Instruments Calibrations

Widespread support for government
intervention, with the promotion of social
goals through private actions steered by
incentives and regulation

Merit-good argument for policy action

Includes information-provision

(Incentives)

Supply of information about AD — addressing both
policy and technology

Help to purchase AD

FiTs and the RHI

(Regulation)

A robust but enabling planning process

Appropriate regulation of feedstock and digestate

movements

(Incentives)

- interest rates

- collateral requirements

- payback periods

- grant/subsidy terms and conditions
- feed-in tariff levels

Stability of incentives

(Regulation)

Clear, practical and stable regulation

Table 4: Policy Ends, Policy Means and On-Farm Anaerobic Digestion Uptake —a summary of policy implications
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We turn now to an issue that was raised by many participants and about which widely-
contrasting views were expressed: the use of energy crops in AD units and whether this
should be encouraged by policy incentives. On the one hand, and consistent with the limited
existing literature outlined earlier, some farmers saw no problem with growing crops for non-
food uses — several argued that agriculture has never been only about growing food —
although only two farmers who responded to our questionnaire were currently growing crops
to supply (other peoples’) AD units. On the other hand, there was a strongly-held view
against providing explicit policy incentives for this purpose. Some of our participants
specifically argued against following the German model (see Blumenstein et al., 2015), and
the large number of AD units fed by energy crops grown for the purpose, to illustrate what
they did not want to see happen in the UK. The crucial distinction is between farmers who
choose to grow energy crops for sale to AD unit operators as part of their normal business,
and those who do this motivated by policy incentives.

Given that there was strong opposition to the introduction of an energy crop payment
as an instrument of AD policy, the focus then turns to why there might be demand for energy
crops. This brings us back to an earlier point — the need for a regular and adequate supply of
feedstocks for the AD unit. As noted above, seen purely as a means of waste management,
AD units might struggle to get such assured supplies in appropriate quantities, especially
without relaxation of regulations on the movement of farm wastes. Several interviewees
highlighted the need to grow energy crops in order to ensure the economic viability of an AD
unit.

This captures a concern that, as a final point, takes us back to Policy Goals: the dual-
purpose of AD as a means of RE generation and as a means of farm waste management. The
irony here is that both deliver positive environmental impacts, yet AD policy hardly, if ever,

recognises this symbiosis. It is clear that multiple factors influence the economic viability of
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on-farm AD, without which the environmental benefits will be lost. These are shaped not
only by the mix of policy instruments, across incentives and regulation, but also by their
calibration — all enhanced by appropriate information-provision. The analytical framework of
Cashore and Howlett helps us to make a crucial point: with two policy goals, that are
synergistically linked, failure to recognise these synergies in the design of the policy means is

likely to lead to compromised outcomes.

6. Conclusions and Policy Implications

The uptake of on-farm AD in the UK is limited. The purpose of this paper has been to
analyse the policy challenges faced, thus to identify forward-looking opportunities. Our
analysis has drawn upon the framework developed by Ben Cashore and Mike Howlett, which
disaggregates our dependent variable, policy, into three levels each (meta, meso and micro)
of Policy Ends and Policy Means. This has then been applied to an analysis of data obtained
from questionnaires, interviews and a workshop. We have found broad support for on-farm
AD as a source of RE generation and waste management. We have also found strong support
for government intervention, via both fiscal incentives and regulatory measures. We have
identified a range of policy instruments in place but, given the limited uptake of on-farm AD,
highlighted questions about the current instruments, instrument-mix, and instrument
calibrations.

We have also offered new insights into the work of Cashore and Howlett and its
practical application in policy analysis. First, its original design focused on public
(government) policies. In practice, policy governance involves non-governmental actors as
well. This is seen most significantly in the detailed analysis of policy instruments and
calibrations. Whilst the two principal Instrument Logics of fiscal incentives and regulation
lead to public policy instruments, the critically important aspect of information-provision

does not, perhaps should not, rely on government alone.
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Second, we have shown how the Cashore and Howlett framework offers a partial
equilibrium analysis. Hence we have seen that the goal of greater AD uptake exists at the
meso rather than the meta level, whilst the AD Policy Goals of RE generation and waste
management are themselves means to higher ends: environmental sustainability and climate
change mitigation. This in no way devalues its importance of usefulness. Indeed, it is one of
the great benefits of the Cashore and Howlett framework that it allows us to understand and
analyse individual elements of a super-wicked policy problem in a way that offers practical
policy insight on a manageable scale.

One such insight, and a key observation made by a number of participants, is that UK
AD policy does not reflect well the balance between RE generation and waste management.
Emphasis on RE generation shifts the focus towards ensuring the most energy-rich feedstocks
are produced for use in the AD unit, including energy crops grown on farms specifically for
this purpose. We have shown that with the policy instruments currently in place, notably FiTs
and the RHI, and the evolution of their calibration, these have encouraged the use of energy
crops even without the presence of any crop-specific incentive. AD for waste management
offers important environmental benefits, but an AD policy that delivers both economic and
environmental viability remains to be developed.

Policy is multidimensional, thus policy responses need to be several, coherent and
consistent. They also need to offer stability and certainty, enabling farmers to make long-term
planning decisions with a degree of confidence. In our dissection of policy into three levels of
Policy Ends and Policy Means, we have shown how our understanding of ‘policy’ as a
dependent variable can be enhanced, and how welfare-enhancing policy change can be
approached and designed in a more nuanced and targeted way.

In so doing, we wish to point the way for further research on AD-uptake. Much of the

(limited) literature about on-farm AD adopts a quantitative modelling approach to estimating
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its potential. From our research, we see that RE generation potential is both determined and
limited by feedstock availability, especially the availability of wastes. Wastes can be brought-
in from off-farm, but that has transportation and emissions implications. Different feedstocks
have different energy potentials. A participant in our Workshop made the point that, as a
result of these variations, every AD unit is unique in its technical performance, therefore in
its economic performance. Can modelling efforts reduces the degree of uncertainty over AD
performance, encouraging more AD uptake? Can this be fed back to policy, to enable greater
recognition of and balance between economic and environmental performance? Can research
inform adaptations to the planning process? With on-farm AD uptake still modest, there
remains much scope for research that can provide an evidence-base capable of assisting
policymakers to change this situation, to the benefit of the rural economy and the

environment.
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Table Al: Farm Business Income (FBI) from diversified enterprises, England — 2018/19

=
o

=
=

No. of farms | % of farms Total FBI for Income of diversified Average enterprise

=
N

these farms (Em) | enterprise (Em) income(a) (£/farm)

=
w

H
A

Farm Business Income (incl. diversification) 57,100 2,876

=
a1

=
()]

Farms which engage in:
Diversified enterprises (all kinds) 37,400 65% 2,287 740 19,800
letting buildings for non-farming use 25,200 44% 1,753 454 18,000
processing/retailing of farm produce 5,800 10% 353 89 15,300
sport and recreation 7,100 12% 540 37 5,200
tourist accommodation and catering 3,700 7% 216 33 9,000
solar energy 11,600 20% 918 31 2,700
other sources of renewable energy ) 5,800 10% 487 56 9,600
other diversified activities 5,900 10% 318 39 6,600

Source: DEFRA, 2019: 23.

gg Notes: (a) Average here refers to the mean calculated over farms which have that enterprise.

34 (b) Other sources of renewable energy includes power generating, wind turbines, anaerobic digestion and renewable heat initiatives.
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Table A2: Value of farm business output FBO) from diversified enterprises, England — 2018/19

No. of farms % of farms Total FBO for Income of diversified Average enterprise
these farms (Em) | output (Em) output) (E/farm)

Farm Business Output (incl. diversification) 57,100 18,202

Farms which engage in:

Diversified enterprises (all kinds) 37,400 65% 14,172 1,360 36,400
letting buildings for non-farming use 25,200 44% 10,843 630 25,100
processing/retailing of farm produce 5,800 10% 1,841 212 36,400
sport and recreation 7,100 12% 2,810 107 15,100
tourist accommaodation and catering 3,700 7% 1,332 89 23,900
solar energy 11,600 20% 5,888 79 6,800
other sources of renewable energy ) 5,800 10% 3,035 125 21,400
other diversified activities 5,900 10% 2,102 117 19,900

Source: DEFRA, 2019: 24.

Notes: (a) Average here refers to the mean calculated over farms which have that enterprise.

(b) Other sources of renewable energy includes power generating, wind turbines, anaerobic digestion and renewable heat initiatives.
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Table A3: Profile of Questionnaire Respondents

Descriptive Statistics Number %
Nottinghamshire 78 51

Farm Location Derbyshire 75 49
Farmer Gender Male tl i
Female 12 8

Less than 30 4 3

30-39 8 5

40-49 27 18

Age of Farmer 50-59 52 34
60-64 24 16

65 and over 37 24

Prefer not to say 1 0

None 30 20

GCSE 20 13

NVQ 14 9

Highest Formal Academic A Levels 9 6
Qualification University Degree 42 28
Masters 4 3

Doctorate 2 1

Other 44 30

Arable 56 37

Type of Farm Livestock 51 33
Mixed 46 30

Owned by you 88 57

Farm Ownership Shared ownership 29 19
Rented 16 10

Other 20 13

Less than £10,000 8 5

£10,000 - £19,999 6 4

£20,000 - £29,999 4 3

£30,000 - 49,999 8 5

£50,000 - £74,999 9 6

Annual Farm Turnover F75 7506 56,995 i =
£100,000 - £149,999 14 9

£150,000 - £199,999 11 7

£200,000 and over 61 40

Prefer not to answer 22 14
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Table A4: Distribution of Animal-Based Farms in the Questionnaire Sample

Number of: 0 19 10-19 20-29 30-49 50-99 100+ N
Dairy Cows 4 1 0 0 0 6 21 32
Cattle, non-dairy 0 7 4 10 8 14 21 64
Sheep 2 1 2 1 3 6 25 40
Pig 4 3 1 0 0 0 5 13

0 1-999 1,000-49,999 50,000 - 99,999 Over 100,000 N
Chickens 3 16 4 2 0 25

39



©CO~NOOOTA~AWNPE

Table A5: Profile of Interviewees

Interview . . Years of Interview Mode of
Interviewee profession Code . ) )
Date Experience duration Interview
o 4 years in NFU — ]
02-Aug-16 | NFU — Trade association NFU1 33 mins Face-to-face
30 Years as farmer
03-Aug-16 | Farmer - Owner FARM1 | 40 years 46 mins Face-to-face
05-Aug-16 | Farmer - Partner FARM2 | 13 years 40 mins Face-to-face
FARM3a )
08-Aug-16 | Farmer - Partner 42 years 27 mins Face-to-face
FARM3b
09-Aug-16 | Farmer - Partner FARM4 | 45 years 26 mins Face-to-face
11-Aug-16 | Farmer - Partner FARMS5 | 60 years 34 mins Face-to-face
AD Installer — Managing ADOP1la ]
11-Aug-16 . 20 years 47 mins Face-to-face
Director ADOP1b
12-Aug-16 | Farmer - Partner FARM6 | 60 years 27 mins Face-to-face
15-Aug-16 | Farmer - Owner FARM7 | 30 years 22 mins Face-to-face
16-Aug-16 | Farmer - Owner FARMS8 | 35 years 40 mins Face-to-face
17-Aug-16 | Farmer - Owner FARM9 | 36 years 34 mins Face-to-face
18-Aug-16 | ADBA — Policy Officer ADBAl | 5years 52 mins Face-to-face
22-Aug-16 | Farmer - Owner FARM10 | 50 years 47 mins Face-to-face
22-Aug-16 | AD Plant Director ADOP2 | 10 years 49 mins Face-to-face
AD Plant Marketing )
02-Sep-16 ) ADOP3 10 years 36 mins Telephone
Director
AD Industrial Regulator — )
08-Sep-16 ) GOVl 20 years 65 mins Face-to-face
Environmental Agency
Senior Advisor for Waste )
19-Sep-16 GOV2 12 years 26 mins Telephone
Industry — Env. Agency
Farmer — Owner and )
23-Nov-16 . CONS1 | 27 years 34 mins Face-to-face
Councillor
40
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Figure Al: Size Distribution of Arable Farms in the Questionnaire Sample

N/

= Less than 20 hectares = 20 - 99 hectares = 100 - 199 hectares

200 - 499 hectares = 500 hectares or more

Note: 115 farmers responded to this question. This exceeds the number of farmers who self-identified as having

arable or mixed farms (56 and 46, respectively).
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