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Abstract 

The United Kingdom (UK) aims to reach net-zero emissions by 2050. Greenhouse gas 

removal (GGR) technologies are recommended by relevant institutions like the 

Intergovernmental Panel on Climate Change (IPCC) and the Climate Change Committee 

(CCC) to be deployed at a large scale to achieve net-zero emissions and mitigate 

climate change within the next years. There is currently a lack of understanding on the 

social impacts of large-scale deployment of GGR methods, putting at risk social justice, 

as well as a rapid and sustainable deployment. Most GGR research focuses on the 

viability of these novel methods. The literature on the impacts falls short in exploring 

the issues of GGR deployment in a sustainable manner, especially missing what are the 

social impacts of these technologies. 

Via a mixed-methods approach of qualitative research, combining a thorough quick 

scope review, an embedded single case study of a local area, and a legislative review, 

this work explored how social justice may be at risk in the UK if a GGR method like 

bioenergy with carbon capture and storage (BECCS) -the focus of this study- is 

deployed at large-scale.  This BECCS study solely focuses on the social impacts, both 

providing a unique sustainable frame, interconnections, and areas of improvement.  

Social justice is at risk in the UK due to the lack of understanding of the social impacts. 

Impacts linked to land-use change and CO2 leakage risks, such as food insecurity, 

human health risks, and nutrient deficiency, are more likely to happen. Likelihood of 

impacts like community conflicts, exacerbation of poverty, and unfair net distribution, 

rely on other impacts or regulations over time. The UK plans to expand GGR may 

intensify negative social impacts due to resources competition.  

We therefore recommend for the UK GGR actors to embrace sustainable practices to 

reduce short- and long-term impacts. Controlling regulations should be applied to both 

biomass imports and local sources. Assessments of projects should evaluate long-term 

impacts and communicate with the public to raise awareness. Legislation and 

governance tools need to be created or updated to include GGR regulations. The 

research body should standardize the frame of GGR impacts and prioritize non-

fragmented supply chain and case study-based research to ensure critical and reliable 

results, as well as a better insight of the nuances of the technologies and social 

impacts. 
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Executive summary 

 
Title of project: 

Large-scale deployment of greenhouse gas removals in the UK: identifying social justice risks 

Student: Lidia Ruiz Velasco Supervisor: Ms Karen E. Makuch 

 

OBJECTIVES 

With the Paris Agreement goals and international calls for rapid climate action, the UK 

needs to take quick sustainability-led action. Contributing to low GHGs is recommended, 

and GGR technologies could be part of the solution. To ensure rapid and sustainable 

deployment, social justice needs to be embedded as a key element of the decision-making 

for the UK’s GGR actors and policymakers. Embedding social justice into decision-making 

around GGR deployment can arguably help foster better social legitimacy and acceptance of 

novel technologies, and reducing risks of social injustice, an important element for 

sustainable development. Bioenergy with capture and storage (BECCS)* is the focus of this 

study. This present research answers to a hypothesis: Social justice is at risk if large-scale 

BECCS deployment takes place in the UK. To do so, the objectives of the research are: 

1. Mapping out the social impacts of BECCS. 

2. Identifying social impacts and justice risks if BECCS is large-scale deployed in the UK. 

3. Presenting recommendations for GGR actors and policymakers to reduce risks. 

* Focus is on BECCS since it is globally recommended, the UK already has a BECCS plant and 

further development plans, and it’s the most cost-efficient method. 

INTRODUCTION 

The United Kingdom (UK) aims to reach net-zero by 2050. For the UK government to achieve 

such ambitious targets, the CCC policy and technology (CCC, 2020) recommends large-scale 

deployment of greenhouse gas removal (GGR). The deployment of GGR presents 

considerable environmental and economic challenges since most of these require extended 

land usage, industry upgrades, and significant financial investments. These are impacting 

the scale-up of GGR in the market, policymaking, and financial support. While many studies 

cover the viability of the technology and acknowledge the multiple environmental and 

economic impacts of GGR methods, there seems to be little understanding of the social 

implications. Having a better knowledge of the social impacts of GGR may support its 



[5] 

 

development in a sustainable manner. For this, deployment needs a social and just 

approach.  Social justice is at risk when benefits and trade-offs are not fairly distributed. 

When this happens, it puts at risk the social legitimacy of a specific technology, adding 

barriers to its deployment, e.g., renewable energy projects and NIMBYs. Through 

awareness, the right regulations, mechanisms, and dialogues, social engagement and 

acceptance can be incorporated and ultimately provide confidence in the governance of 

GGR deployment, potentially leading to a socially just and sustainable deployment. 

METHODOLOGY 

This research uses multiple qualitative methods and sources of data (triangulation) to help 

to build and validate claims. This research is categorized as explanatory since a hypothesis is 

being set, and deductive reasoning with multiple data sources helps to answer the 

questions. The methods were divided into three stages: 1) a quick scope literature review, 

2) case study research and 3) a brief legislative review.  

The quick scope review (QSR) collected relevant data following a step-by-step systematic 

screening process. An initial search combining selected keywords representing A) GGR, B) 

BECCS, C) social impacts/justice, was performed in Web of Science, EBSCO and Scopus to 

collect studies. The screening process steps included 1) title and abstract, 2) full-text 

screening, 3) critical appraisal of content relevance. A final coding exercise was done, using 

the sustainable bioeconomy indicators (SBI) by the Food and Agriculture Organization (FAO) 

of the United Nations to categorize the results, reducing assumptions and bias. At this point 

of the research, objective one is reached. 

The case study was built to apply the QSR results and demonstrate their relevance with a 

real-world context. This study investigates a contemporary event, in this case the 

deployment of BECCS in the Drax near Selby. Multiple units of analysis helped to develop 

the case study. The research included 1) Drax’s current operations, 2) past EIAs, 3) Selby’s 

community opinions (recorded in previous studies), and 4) Drax’s upcoming BECCS 

expansion plans. Results build the knowledge to reach objective 2. 

The brief legal review included the EIA regulations for the UK. The instrument was found 

using ‘legislation.gov.uk’ where free access is granted to UK legal primary acts and statutory 

instruments. Future projects were also reviewed to provide further insight to the research 

analysis. This information provides enough knowledge to meet objective 2 and 3. 
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RESULTS AND FINDINGS 

The results of the QSR helped identify a logically framed list of BECCS impacts, categorized 

by the three sustainable pillars: environmental, economic, and social, and their impact on 

sustainability (positive vs negative).  This summary only presents the social impacts: 

Table 1. BECCS impacts categorized using the SBI framework.  

The QSR results highlighted three relevant insights for the research: 1) Knowledge on social 

impacts of BECCS is limited, 2) research has a fragmented approach (missing the 

interconnection of the supply chain), 3) context is key to evaluate the social impacts. The 

most studied impacts are those related to land-use change. To understand the connections 

of the supply chain, the reasoning of the social impact (causes) was explored. The reasoning 

behind the social impacts was not exhaustive but provided high-level guidance to support 

the building of the case study. 

The case study and QSR findings were matched to identify what social impacts were likely to 

happen in the Drax and Selby area: 

- The area surrounding Drax and Selby does not present concerning social impacts. 

- There is little evidence to consider high risks in long-term impacts such as food insecurity, 

water stress, and nutrition deficiency. 

- Most results are linked to land-use change and displacement of agriculture, but Drax plans 

to export biomass, moving potential social impacts overseas. 

- Impacts identified can’t be extrapolated to the UK (too specific to each supply chain). 

Negative Positive Unclear/rely on context 

Food insecurity 

Less access to basic services: water stress 

Displacement of agriculture 

Impact on human health 

Community conflicts 

Displacement of people/indigenous people 

Human rights and livelihoods at risk 

Nutrition deficiency 

Reduction of culturally/historically significant 

landscapes 

Gender inequality 

Exacerbation of poverty 

Better access to basic 

services: clean energy 

Net gain unfairly 

distributed 

New knowledge and 

skills in the community 

 

Energy security 

Net gain unfairly 

distributed 

Change of land 

management practices 

Impact on resilience of 

rural communities 
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- Results may not be fully accurate due to the lack of varied information and technical 

details of the sources. 

- The Selby community has little understanding of the consequences of BECCS. 

The UK GGR plans include multiple projects requiring land use, which may increase land 

competition and exacerbate social impacts. Since impacts of BECCS are multiple and would 

vary depending on location, type of project and biomass source, EIAs would vary in multiple 

aspects. EIAs are at risk of missing evaluation of long-term impacts. 

DISCUSSION, CONCLUSIONS, AND IMPLICATIONS 

Confirming the hypothesis of this research question, social justice is at risk in the UK with 

large-scale deployment of BECCS, and therefore GGR. This is confirmed based on the 

following conclusions: 1) lack of understanding of social impacts, 2) lack of common frame 

and regulations for GGR, 3) low public awareness, 4) future plans indicate future 

competition for resources. 

Recommendations for GGR actors and policymakers: 

• Biomass to be primarily locally sourced – establish a maximum land-use cap. 

• A research and governance body to support policymaking should be established. 

• Legislation tools should be updated to include GGR in relevant sections. 

• EIAs on GGR projects to consider the long-term impacts. 

• Increase in public awareness and engagement further than EIAs public consulting. 

• GGR projects should report impact evaluations every 5 to 10 years. 

Future research areas recommendations for academia: 

• BECCS interconnected supply chain. Moving on from fragmented research. 

• Case study-based research of current GGR projects to increase the in-depth of the research 

body and consider more methods nuances. 

• A sustainable deployment framework for GGR should be investigated and developed 

• Renewable energy deployment barriers: lessons for GGR.  

 

The limits of this study are on the quality and quantity of the findings in the QSR and case 

study, which might have missed relevant information. Moreover, access to technical data 

for BECCS plans in the UK is limited. This research presents high-level results that may not 

be accurate with technical studies and projects. 
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Chapter 1. Introduction  

 

1.1 Net-zero in the UK 

The concept of “net-zero” is often alternatively used alongside “carbon neutrality” or 

“climate neutral” to describe a set of actions taken to neutralise the human activity impact 

on the climate system (IPCC, 2018). It has become a popular goal for industries and 

countries to meet international treaties, and respond to international calls for climate 

action, such as the Conference of the Parties (COP) (UN, 2021). 

The United Kingdom (UK) aims to reach net-zero by 2050 while achieving the Paris 

Agreement goals (HM Government, 2019). In May 2021 the government announced the 

sixth Carbon Budget which will include a new upgraded target in law to reduce emissions by 

78% by 2035 (UK Government, 2021). The sixth Carbon Budget is aligned with most of the 

recommendations from the UKs-independent Climate Change Committee (CCC), an advisory 

body established under the Climate Change Act 2008 (BEIS, 2021b).  

For the UK government to achieve such ambitious targets, the CCC policy and technology 

(CCC, 2020) presents four key recommendations; 1. taking up low-carbon solutions, 2. the 

expansion of low-carbon energy suppliers, 3. reducing carbon-intensive activities demand, 

and 4. the deployment of greenhouse gas removal (GGR) at a large scale. At an international 

level, other institutions like the International Energy Agency (IEA) (IEA, 2021) and the 

Intergovernmental Panel on Climate Change (IPCC) (IPCC, 2014) have declared carbon 

capture and storage (CCS) and GGR, also known as carbon dioxide removal (CDR)1 or 

negative emissions technologies (NETs), as relevant methods that could support the 

pathways towards net-zero emissions.  

This is arguably an international call for governments and organizations to start upgrading 

their strategies to meet the Paris Agreement goals and net-zero targets. Some of these 

technologies and its application are yet considered novel by the scientific and policy 

community since they haven’t been largely scaled-up. If GGR is mean to be implemented, 

 
1 There is no official definition adding difference between GGR and CDR. Based on the term words, one could 
argue the distinction lays in the type of gas being removed, either CO2 or all greenhouse gasses. Although 
some authors discuss the importance of consistency and clarity when using these terms in the net-zero context 
to avoid vagueness and confusion (Rogelj et al., 2021), that discussion is outside of the scope of this research. 
For practical purposes, the term used in this study is GGR, and no relevant difference is inferred with CDR. 
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action in understanding its function, nuances and impacts must be prioritized, this being the 

argue of this thesis. 

1.2 The GGR role in climate change mitigation 

As per the Article 2 of the Paris Agreement (UNFCC, 2015, p6), to limiting global 

temperature, low greenhouse gas (GHG) emissions deployment should be implemented. It is 

unlikely to fully eliminate GHG emissions (The Royal Society, 2018), and least at the 

accelerated rate demanded to avoid a climate disaster. There needs to be balance in the 

reduction sources and removal of carbon and other GHGs (ibid.). 

In most scenarios (including different forms of energy, technologies, and industrial 

variables) leading to 430-480ppm CO2 concentration levels (CO2eq), the milestone required 

to limit global warming below 2C, requires GGR implementations (Figure 1.1). 

 

 

Figure 1.1. Net CO2 emissions pathways until 2100 taking into consideration GGR and BECCS. 

Pathways include models by the IPPC AR5, Global Carbon Project and Carbon Dioxide Information 

Analysis Center (Fuss et al., 2014). 

The fact that renowned organizations like the IEA and IPPC, trusted globally by institutions 

and governments, recommend GGR as a part of the climate change mitigation package, 

acknowledges the importance of these and the need to accelerate its deployment, aiming 
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for a large scale-up and sustainable applications. Based on the above, we examine the 

different methods below. 

1.3 GGR taxonomy 

GGR technologies or methods are promoted for the potential to remove large quantities of 

CO2 from the atmosphere (Cox, Spence & Pidgeo, 2020). There is a wide range of available 

GGR methods, from nature-based, such as afforestation and restoration, to more 

engineered/technological-based, such as biochar, BECCS and direct air carbon and capture 

(DACCS). These are differentiated based on the carbon capture and removal method, the 

earth systema and the storage medium (Figure 1.2).  

 

Figure 1.2. Taxonomy of GGR (Minx et al., 2018). 

As Figure 1.2 shows, there is a variety of methods and supply chains required to perform, 

which makes GGR complex in terms of diverse requirements and impacts. GGR methods are 

distinct on multiple variables, from being land or ocean-based, to their storage capacity and 

options, land management requirements and scalability (ibid.). Therefore, diverse 

applications, regulations, risks and solutions may be required for each method. Due to its 

novelty, governance is rather inexistent for GGR, and there is a growing body of research 

exploring the requests for GGR to be properly regulated, and mitigating risks (O’Beirne, 

2020). 

1.3.1 GGR in the UK 

The UK started the first BECCS pilot project of Europe in 2018, owned by Drax Power 

Station, a national biomass and coal-fired energy generator, with the potential to capture 
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around 350 tCO2 per year while generating electricity of 35-50kWe capacity (Ricardo, 2018). 

A second BECCS pilot was installed in North Yorkshire in 2020, within Drax’s carbon capture 

utilisation and storage (CCUS) Incubation Area (turning CO2 into animal food products) with 

the capacity to capture 300kg of CO2 a day, being part of the organization’s plan to become 

carbon negative and support the UK net-zero climate goals (Drax, 2020). Expansion of BECCS 

capacity is planned.  

Regards other GGR methods, research in the UK will explore five different methods; 

peatlands management, enhanced rock weathering, use of biochar, afforestation and 

deforestation, BECCS scale-up (UKRI, 2021). The mix of technologies the UK is looking at 

forecasts a variety of requirements and challenges, since it implies different resources 

demand and impacts. If multiple of these methods are meant to be deployed, it is of 

primordial importance for the UK relevant stakeholders (e.g., policymakers) and GGR actors 

(institutions responsible of the GGR project, e.g., Drax Power Limited) to understand how 

deploying GGR will be reflected in terms of impacts and risks. This is especially relevant if its 

development aims to be sustainable. Maximum global biomass has availability limits and 

considering many GGR technologies require biomass in their operations, large scale may be 

at risk of negatively impacting sustainability (Platt, Workman & Hall, 2019). As per the 

Brundtland Report (WCED, 1987) states, sustainable development is what “meets the needs 

of the present without compromising the ability of future generations to meet their own 

needs”. If we really want to look at GGR deployment in a sustainable manner, a sustainable 

approach needs to be explored. For this reason, this thesis wants to explore further the 

different impacts of GGR and understand if some sustainability aspects are neglected in the 

current space. 

1.4 Development challenges 

The deployment of GGR presents considerable environmental and social challenges, since 

most of these require extended land usage, industry upgrades, and significant financial 

investments (Fuss et al., 2014). These, plus the uncertainty of the climate and land 

sensitivity to carbon cycles and storage (Budinis et al., 2016), are impacting the scale-up of 

GGR in the market, as well as policy and financial support.  

While many studies acknowledge the multiple environmental, even economic, impacts of 

GGR methods (IPCC, 2014; Minx et al., 2018; Fuss et al., 2018; McElwee et al., 2020) there 
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seems to be little understanding of the social implications. Having a better knowledge of the 

social impacts of technologies like GGR may support its development in a sustainable 

manner. Not considering social impacts may lead to other issues, such as social injustice. 

Based on this question, this research wants to understand better what social justice within 

the context of GGR is and how it can take place.  

 

1.5 Social justice and greenhouse gas removal  

Based on the definitions by the English political theorist David Miller (1979 & 1999 in 

Baderin et al., 2017)2, social justice concerns the distribution of benefits (the good: e.g., 

medicine) and burdens (the bad or disadvantages: e.g., inequal welfare benefits 

distribution) among members of society. He shares the idea that by the involvement of 

regulations and the legal system, a state of affairs is considered socially unjust when some 

members of society receive fewer benefits or burdens than others. Looking at 

environmental justice, it follows social justice concerns but focuses on environment-related 

benefits (e.g., Access to green spaces, landscape improvements) and burdens (e.g., Local 

pollution) towards communities or groups (Lucas et al., 2004 in Forest Research, 2015). 

While these are different definitions, this research understands GGR methods have an 

environmental nature, but will refer to the unfair distribution of benefits or burdens of GGR 

due to its impacts and regulations as a ‘social justice’ issue, to reiterate the focus on the 

social approach. Therefore, with this research we aim to understand the challenges GGR 

may present at a social justice level.  

Based on the social justice definitions above, and the nature of GGR and its lack of 

governance, social injustice may take place as a by-product of badly employed policies or 

wages in climate change and sustainability action and in-action. The same organizations that 

provide scenarios and pathways to meet climate goals (IEA, IPCC) stress the importance of 

the role of society. Energy transitions and actions to achieve net zero goals will have impacts 

in people’s lives, at a routine and behavioural level (IEA, 2021). For this reason, it is relevant 

 
2 It is outside of the scope of this research to explore and expand the philosophical discussions of social justice 
approaches raised by this or any other relevant authors. This definition is only used with introductory 
description purposes. 
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to evaluate what is the role of the public, to not only reduce the impacts, but ensure 

acceptance of the actions and socially just outcomes. 

1.5.1 Procedural justice and social legitimacy 

The social justice concept is wide and can be applied and dealt with in multiple ways. To 

provide a tangible approach to justice in GGR deployment, this study will add on previous 

research on the role of procedural justice for GGR (O’Beirne et al., 2020 & Heap et al., 

2020).  

The description of procedural justice as a theoretical and practical tool for designing policy 

and decision-making processes with outcomes perceived as fair (Joss and Bownlea, 1999) is 

relevant for this study since it includes concerns on the interaction between decision-

making and social environments, giving a relevant role to social actors (individuals and 

communities). This definition highlights how public participation increases acceptance and 

legitimacy, an approach also relevant for other authors discussing procedural justice (Sen, 

2010 & McLaren, 2012 in O’Beirne et al., 2020). Arguably, procedural justice is the idea of 

fairness and justice perception in the legal approach of a project through varied 

mechanisms, usually relying on public participation (O’Beirne et al., 2020). Good procedural 

justice can lead to ‘socially sustainable policies and decisions’ (Joss and Bownlea, 1999). 

Following these definitions, this study understands that good procedural justice can lead to 

social legitimacy and acceptance, active public participation is an element of the process, 

and the right procedural justice application may lead to sustainable outcomes. Through 

awareness, procedural justice, the right regulations, mechanisms, and dialogues can take 

place to help incorporate social engagement and ultimately provide confidence in the 

governance of GGR deployment, aka social legitimacy (ibid.). Potentially this may support 

social justice. 

1.6 GGR complexities 

New climate technologies like GGR designed for large scale deployment arguably require 

societal acceptance (Cox et al., 2018). Renewable energy innovation projects are a good 

example of how public resistance might impact the deployment of projects, pre and post 

deployment. For example, wind turbines have faced societal adversity in multiple European 

countries like Germany (Shankleman & Paulsson, 2020), as well as in the UK (Jones & Eiser, 

2010) due to visual landscape impacts and noise disturbance. The ‘not-in-my-back-yard’ 
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bias, also known as NIMBY, shows how the public may have an initial positive attitude 

towards a technology, such as renewable energy projects, but may end up against it for 

reasons considered selfish, such as not wanting to see wind turbines from their window 

(Wüstenhagen, Wolsink & Bürer, 2007). These impacts may be considered unjust if they 

only impact a specific segment of the population and can therefore generate public 

adversity and limiting social legitimacy.  

1.6.1 What is missing? 

The taxonomy of GGR (Figure 1.2) shows the different types of technologies, implicating 

diverse impacts and public segments. This adds complexity in understanding how social 

justice may work for technologies like GGR. CCS projects have already failed in countries like 

Japan, Germany, and the Netherlands due to lack of public and financial support (Ashworth 

et al., 2015 in O’Beirne, 2020). Another layer of complexity in acceptance might be how GGR 

benefits and impacts are framed, since the variance in understanding and ignorance will add 

diversity in assessments from the public (Cox et al., 2018).  

Following the previous sections, we understand that for technologies like GGR to be 

deployed in a sustainable and just manner, it needs to have a social approach. Awareness 

and involvement of the public matters in the decision making, ensuring then social 

acceptance. For this, a greater question remains: what are the social impacts of GGR? The 

implication and impacts nuances should be understood and reflected in regulations and 

decision-making for GGR deployment if social legitimacy, justice, and overall sustainability 

are aimed. 

1.7 Aims and objectives 

With the Paris Agreement goals and international calls for rapid climate action, the UK 

needs to take quick sustainability-led action. Contributing to low GHGs is highly 

recommended, and technologies like GGR could be part of the solution. To ensure 

sustainable deployment, social justice needs to be embedded as a key element of the 

decision-making for UK’s GGR actors and related policymakers. 

Embedding social justice into decision-making around GGR deployment can arguably help 

foster better social legitimacy and acceptance of technologies to mitigate the impacts of 

climate change.  
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Since there are many GGR technologies available, doing an extended research and analysis 

of all them is not possible due to time constraints. Therefore, this research will solely focus 

on BECCS. The four reasons why BECCS is selected for this research are the following: 1) 

BECCS is recommended by the IPCC (2015) and IEA (2021) as a GGR technology to consider 

in climate mitigation pathways, 2) the UK has plans for large deployment of BECCS, as well 

as other nature-based technologies, and existing plants (see 1.3.1), 3) this technology 

represents a proxy in between nature-based and fully-engineered methods since it requires 

hybrid resources (e.g., Land usage, natural resources, technological innovation), and 4) it’s 

the most optimal in estimated costs and scale of deployment (BEIS, 2021b) (Appendix 1). 

Besides this, BECCS hasn’t scaled-up yet and only some countries have pilot facilities 

running, including the UK. Based on this, a case study of a local site in the UK will take place 

to analyse what are the potential social justice risks at a local level, helping to find what 

areas may be more important to pay attention for GGR actors and policymakers in the UK to 

ensure a socially fair and sustainable deployment. 

To do so, based on the previous sections, it is important to find out: 

1. What are the social impacts of BECCS?  

2. What are the social impacts that put social justice at risk in the UK?  

3. What could help mitigate social injustice? 

Therefore, the goals of the research are: 

4. Mapping out the social impacts of BECCS. 

5. Identifying potential areas at risk of social injustice in the UK if BECCS is deployed at 

large scale. 

6. Finding recommendations for GGR actors and policymakers to mitigate social 

injustice.  

1.7.1 Research question and structure. 

The question for this research has been formulated as a hypothesis: 

• Social justice at risk if large-scale BECCS deployment takes place in the UK. 

To answer the question, the research is structured in stages to present a logic flow of 

deductive results. 
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- Chapter 2. Research methodology outlines the strategy and methods performed, 

rationale and limitations for this research. 

- Chapter 3. Quick scope review of BECCS literature presents the BECCS impacts 

categorized by sustainability pillars. It assists in resolving question 1. 

- Chapter 4. BECCS case study in the UK presents a case study using multiple data 

sources. It assists with providing information to answer question 2. 

- Chapter 5. Future plans and legislation review provides a quick presentation of 

future UK plans to deploy GGR and reviews a key legislative tool to support further 

analysis. 

- Chapter 6. Discussion merges and analyses results of Chapter 3, 4 and 5 to 

completely answer question 2. It also presents recommendations to question 3.  

- Chapter 7. Conclusions draws the conclusions of this research and introduces further 

research recommendations. 
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Chapter 2. Research Methodology  

 

2.1 Research design 

This research uses the triangulation research method since it uses diverse data sources to 

help building and validating claims (Olsen, 2004). For this research, methods include quick 

scope literature review, a case study research, and a brief legislative review. This research 

can be categorized as explanatory since a hypothesis is being set, and deductive reasoning 

with multiple data sources provides a coherent continuity of results in different stages, 

helping to answer the research questions and ultimately confirming the hypothesis (Casula, 

Rangarajan & Shields, 2021). This study is divided in three stages to provide results from 

different sources and analysis. 

2.1.1 Stage one: quick scope review 

The literature review of this study is comprised in two parts. The first involved a background 

literature review of climate mitigation and GGR literature to help define the scope of this 

study, formulating the hypothesis, research questions and sub-questions. The second 

involved a more exhaustive quick scope review (QSR) of BECCS impacts to support 

answering the first question of the research.  

Background literature review 

For the initial literature review, a broad selection of GGR social science literature was 

examined. “Greenhouse gas removal”, “carbon dioxide removal”, “negative emissions”, 

“negative emissions technologies” “BECCS” were searched in the Web of Social Sciences 

Citation Index. The words “geoengineering” and “engineering” were used to exclude 

technical work. Moreover, “CCS” and “carbon and capture and storage” were also used as 

words to exclude work that refers to technology not identified under GGR or only focus on 

CCS and CCUS. To understand better the issue on social justice and social legitimacy, extra 

research was done using keywords like “procedural justice”, “public participation”, “social 

legitimacy”, “social acceptance”, “social justice”, “SLO” OR “social license” OR “social license 

to operate”. Reference list checking then enabled the identification of further relevant 

academic literature as well as grey literature. Published year and repetition in multiple 
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bibliographies were characteristics used to prioritize literature, to ensure updated 

knowledge and reduce bias.  

Quick Scope Review 

This was followed by a targeted literature search. Based on Collins et al. (2015) flowchart on 

how to select the appropriate review method for a question (Figure 2.1), a QSR is the most 

appropriate option for this research. Considering the research question, the output of this 

research is to provide further understanding of an evidence base, even though it is also 

relevant for policy direction. The time constraints for this research leave only weeks to 

months to provide the evidence. 

 

Figure 2.1. Decision-making flowchart to select most appropriate review method (Collins et al., 

2015). 

The evidence review aims to provide relevant information to conclude an output of an 

evidence base (ibid.).  Therefore, a QSR with strict inclusion criteria was carried out. The 

search terms used are outlined in Table 2.1. These seek to cover the range of terms used in 

relation to GGR and BECCS, to the social impacts of such, and to the UK. The search 

combined (‘AND’) all the columns 1) 2) 3) to prevent overspecification. Key platforms used 

are Web of Science, EBSCO, and Scopus. 
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Table 2.1. Keywords for QSR of BECCS social impacts.

 

Following the ‘how to guide’ for production of quick scoping reviews (Collins et al., 2015), 

this research checked evidence from different sources; 1. Online literature databases and 

catalogues, 2. Websites of organisations or professional networks, 3. World-wide web 

search, 4. Bibliographies of key articles, 5. Interaction with key stakeholders in the area, 6. 

Citation searches from articles and papers. Most of the final evidence was collected from 

source 1), 4) and 6).  

 

From the results collected, a step-by-step screening process was executed, following the 

filtering process and stages (Figure 2.2) recommended for environmental management 

systematic reviews (CEE, 2013). The filtering process was recorded in an Excel spreadsheet. 
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Figure 2.2. Filtering process and stages for systematic reviews (CEE, 2013, p45). 

 

During the screening process for titles and abstracts, keywords were used to skim reading 

the documents, including “BECCS”, “public”, “social”, “perceived”, “harm”, “impact”, 

“livelihood”, “risks”, “trade-offs” and “consequences”. These words were selected based on 

evidence from the background literature review. 

 

The first search started with 88 results. After going through the screening stages, the final 

selection included 67 papers. Due to the novelty of GGR literature, this study experienced 

multiple steps back and forth to collect evidence, needing to try different Boolean research 

in multiple platforms and times. A record of the steps is available in Appendix 2.  
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Coding framework 

Once the data was extracted, the output was coded to categorise the evidence following a 

specific theme and topics (AIRS, 2011), in this case a framework. During data extraction, the 

sustainability bioeconomy indicators (SBI) (Bracco et al., 2019, p7-17) were applied to 

facilitate the classification of impacts avoiding assumptions and bias. This practice helped 

covering social, environmental, and economic performance with a sustainable approach.  A 

common terminology for standardising the final impacts list was used with the SBI as 

guidance to ensure appropriate wording.  

Causal mapping 

This research understands the impacts identified in the QSR as causalities that might have a 

cause-effect relationship (Kwon, 2011). Understanding the reasoning behind the causalities 

helped building a causal map of BECCS and its social impacts. This presented the QSR 

evidence in a structured cognitive form to be used later in the research to analyse the case 

study data and answer the research question 2. 

2.1.2 Stage two: Case study 

A case study was developed to apply the results from the QSR to demonstrate their 

relevance and answer the main research question. This study investigates a contemporary 

event, in this case the deployment of BECCS in the UK. A simple case study helps providing a 

real-world context in research with limited information available (Yin, 2018). 

This research selected Drax Power Limited and Selby community to build the case study on 

BECCS in the UK. Drax Power Limited is the only actor with pilot plants and current plans to 

develop a large-scale BECCS project (Drax, 2021a). Selby is a community near Drax location. 

This research wants to learn about their knowledge on BECCS and deployment plans, 

including potential impacts, to build an accurate understanding on key elements for this 

study, such as: awareness, social acceptance, and participation.  

Using multiple variables and sources of data, evidence was collected from different units of 

analysis (UoA) to build an embedded single case study (ibid.). All the data was collected 

through literature review. 
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Table 2.2. UoA for case study, data collected and source. 

The case study helps answering the “how” and the “why” of a specific situation (ibid.). In 

this study, the case study questions are: 

- Why would social justice be at risk if BECCS is deployed in the UK?  

- How are these social impacts taking place? How can they be mitigated? 

Once the case study was built, the impacts collected through the QSR were applied against 

the case study findings to identify potential social impacts in the location.  

2.1.3 Stage three: Legislation review 

This research reviewed the updated EIA regulations for the UK, particularly the Town and 

Country Planning (Environmental Impact Assessment) Regulations 2017.  The instrument 

was found using ‘legislation.gov.uk’ where free access is granted to UK legal primary acts 

and statutory instruments.  

This legal review provided details on what areas of environmental projects development are 

mandatory to assess, helping identify if specific impacts or areas of concerns may be missed 

when GGR actors perform their EIAs. This part of the research provides further support to 

answering question 2 and 3. 

2.2 Limitations 

 Time constraints have impacted this research in two areas: 

1) Only on GGR method has been exanimated. 

2) Legal analysis only provides review of one legal instrument. 

The research body of GGR and BECCS is growing, and new grey and academic literature was 

launched during the development of this research. Two relevant publications for the QSR 

were published after this stage of the research was finalized, and therefore due to time 

constraints the new publications were only used to support Chapter 4 and 5.  
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Chapter 3. The impacts of BECCS 

 

This chapter presents the social impacts of BECCS described in literature databases that was 

captured by the QSR, fulfilling the first research goal. Firstly, all impacts are categorized 

following the sustainable bioeconomy indicators (Bracco et al., 2019). Secondly, the social 

impacts are explored, and a causal map presents the reasonings and interactions between 

the social impacts. The chapter results support the latter research of this study. 

3.1 BECCS 

BECCS is a GGR method involving the production of bio-based feedstock(s) for the 

generation of bioenergy, combined with captured of CO2 for storage or use (Belmont, 

Jacobson & Daniel, 2021). 

 

Figure 3.1: Schematic supply chain of BECCS (Global CCS Institute, 2019, page 3). 

 

BECCS can be broadly summarised to involve the following components and stages (ibid.):  

1. Capture of CO2 through photosynthesis from plant growth. Biofuel feedstocks include 

first generation (biomass produced from field crops, generally edible – cereal, maze, 

sugar, rapeseed), second generation (produced from residual waste, lignocellulosic 

feedstocks and more – frying oil, municipal solid waste), and third generation (most 

recent type, from algae biomass) (Lin, 2019, p544-545). Organic waste and algae 

cultivation interest is increasing, with advantages over land-based counterparts such as 

forest schemes and agriculture (Belmont, Jacobson & Daniel, 2021). 
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2. Transport of biomass to conversion plants. 

3. Combustion of biomass. CO2 is produced during this process. 

4. Engineered capture of CO2. 

5. Transport of CO2 to storage locations or other plants for further utilisation. 

BECCS is considered a NET because 1) the natural capture of photosynthesis and the CCS are 

part of their supply chain, 2) CO2 is removed from the atmosphere and stored, 3) the CO2 

can be greater than the emissions emitted during the whole supply chain of BECCS (Global 

CCS Institute, 2019), therefore the net balance of carbon from the combination of processes 

is negative (Fuss et al., 2018 in Belmont, Jacobson & Daniel, 2021). 

The multiple supply chain stages arguably have varied impacts that could vary depending on 

external factors, such as bioenergy on land management (Fuss et al., 2018), and CCS on 

storage uncertainties (Global CCS Institute, 2019). It is therefore a good exercise to run a 

scope quick review to explore the relevant findings so far to understand better what are the 

impacts, how they may vary depending on external factors, if they interact, how those add 

barriers to sustainable practices, etc.  

 

3.2 Bioeconomy indicators  

Prior to evaluating the identified social impacts of BECCS and proceeding with the case 

study analysis, the results of the QSR were categorised using the sustainability bioeconomy 

indicators (SBI) framework by the Food and Agriculture Organization of the United Nations 

(FAO) (Bracco et al., 2019, p7-17) to minimise bias and assumptions. Bioeconomy is a 

concept aiming to develop strategies to tackle global challenges, such as food security and 

climate change (ibid.). These strategies emphasise the use of biological resources for 

economic purposes to support sustainable development, balancing social, environmental, 

and economic objectives (EC, 2020). Following this concept, FAO (2019) created the SBI to 

provide technical support to actors involved in food and agricultural-related practices. These 

indicators have been selected for this study since BECCS methodology relies on the 

production and/or consumption of biomass (Fuss et al., 2014), an agricultural practice, and 

this framework aims for balanced monitoring, using the three sustainability pillars: social, 

economic, and environmental.  
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In previous research, other frameworks have been used to evaluate impacts of land-

interventions and management (including BECCS), including the Nature’s Contributions to 

People (NCPs) and Sustainable Development Goals (SDGs) (McElwee et al., 2020:  Smith et 

al., 2019). Both these studies and FAO classify the impacts by positive vs negative. However, 

only FAO specifies what makes one impact positive or negative; positive impacts are those 

that improve sustainability, and negative impacts are those representing worsening in 

sustainability.  

Applying this framework to the impacts collected from the QSR, helped generating a 

comprehensive table of the impacts of BECCS, categorized by the sustainability indicators 

(social, environmental, and economic). Other relevant information includes authors, 

research methodology, theme of study and direct mention of social impacts (see Appendix 

3). The exhaustive table was followed by an exercise to use a common terminology for 

standardising the impact list (Table 3.1).  

 

3.3 Results 

The impacts are understood in this study as events and consequences from other events or 

reasons and causes. The exploration of the reasons and causes behind the impacts is shown 

in Appendix 4 and presented in Figure 3.1. 

Table 3.1. BECCS impacts categorized using the SBI framework (Bracco et al., 2019). First 

categorization (Column 1): three sustainability pillars. Second categorization (Column 2): negative 

(red) vs positive (green) impact classification. A third category of colour (grey) indicates impacts too 

dependable on context to generalize. Original table in Appendix 3. 
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The QSR extracted data from 29 articles, collecting data based on studies at a global and 

national scale. From these, 15 articles focused on BECCS, while the rest was around bioenergy 

(n=3), GGR in general (n=10) or land management (n=1). Articles range from 2017 to 2021, 

with the exception with three studies from 2016 and 2014, confirming the novelty of the 

topic. In terms of focus on social impacts, there are only 5 studies that explore them (Minx et 

al., 2018; Buck et al., 2016; Mayer (2019); Dooley & Kartha, 2017; Stoy et al., 2018) meaning 

they cover issues surrounding social/public/ethical impacts. Other 16 studies do mention 

social or socio-economic impacts, but with no direct association of an event or trade-off with 

a specific social impact. Most of these mentions cite the authors from those 5 studies, as well 

as IPCC sources. It is observed that highly referenced authors in the available literature, such 

as Minx et al. (2018) and Fuss et al. (2016), use IPCC reports for their own research. Regarding 

location of the studies, most research has a global approach, except for the US (Patrizio et al., 

2018) and Sweden (Fuss & Johnsson, 2021).  
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The results of the QSR presented in Table 3.1 show that there are arguably almost as many 

social (n=17) impacts as environmental (n=20), and economics (n=15) are the least observed.  

Social impacts are represented as events or consequences that impact people (communities 

and farmers) in different wellbeing-related streams, such as health, shelter, basic needs, 

either directly or indirectly involved with BECCS. Economic impacts are the most beneficial for 

actors involved, whilst social and environmental impacts are mostly classified as burdens. 

Most of the impacts may be the result of long-term deployment (McElwee et al., 2020), IAM 

studies present potential impacts by 2030, 2050 and 2100.  

 

Studies use references from previous research that are theme-specific to geoengineering, 

bioenergy, and CCS. While these are elements of BECCS’ supply chain (Figure 3.1), the 

referenced studies use data or sources not directly linked to BECCS. This fragmentated 

approach in BECCS literature provides a surface-level description on the impacts of this GGR 

method, presenting mostly assumptions on how that would be translated into BECCS 

scenarios. Most IAMs studies don’t use BECCS specific data, but data in specific areas such as 

energy from bioenergy (Vaughan et al., 2018), electricity production (Fajardy, Chiquier & 

Dowell, 2018), water usage (Stenzel et al., 2021), and land usage (Fuhrman et al., 2020). 

Similar issues have been spotted in bioeconomy-related studies (Wohlfahrt et al., 2019) 

where key interconnections between bioeconomy value chains are missed due to narrow 

perspectives on single-based value chains, providing a limited and partial understanding of 

how a bioeconomy system functions.  

 

While the spectrum of impacts is wide, development projects will face different challenges 

based on characteristics such as size of scale and implementation method (Fuss & Johnsson, 

2021), as well as large scale versus usage of local seeds (Fridahl, Hansson & Haikola, 2020). In 

the same way emissions and carbon sink capacity differs between biomass sources, including 

type of crop or waste source (Creutzig et al., 2014), so does the variance of impacts. Location 

is another key variable, already seen in the variability of impacts for bioenergy production 

(Robledo-Abad et al., 2016). Small scale BECCS deployment presents less risks to social 

stakeholders (communities, farmers, people affected) than large-scale, especially if the 

biomass is produced from local seeds (McElwee et al., 2020).  
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3.3.2 The social impacts: reasons and consequences 

The QSR presented BECCS impacts with a sustainable approach, including social, economic, 

and environmental. However, this research focuses uniquely on social impacts. Even though 

multiple were identified, the in depth of the studies tends to be more extended for the 

economic and environmental kind.  

To have a deeper understanding of the social impacts or consequences of large-scale 

deployment of BECCS, this study explored in the QSR what are the reasonings behind the 

impacts. In Appendix 4, the reasonings and the resources used to create a causal map are 

presented. The causal map visualizes the connections between reasonings and impacts 

(Figure 3.2). 

 

Figure 3.2. Causal map of social impacts of BECCS. The figures in colours connected to BECCS 

represent key elements of the supply chain: Bioenergy, Transport, CCS. White figures represent the 

social impacts identified in the QSR. The two figures with coloured border represent impacts that 

seems to be a result of BECCS deployment, not a result from fragmented supply chain process 

analysis. A high-resolution version of the map is available in Appendix 5. 

 

The causal maps outline the range of connections between components of BECCS’ supply 

chain and the impacts on its own. The connections are not linear nor finite. Impacts of 

bioenergy expansion may lead to further impacts; from expanding bioenergy, land use is 

changed, leading to land grabbing, displacing people due to communal or unclear land 
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tenure, potentially putting livelihoods at risk and ultimately exacerbating poverty in some 

communities (Dooley & Kartha, 2017). There are greater social risks coming from bioenergy 

expansion. This may be due to having more literature available around the topic, plus it is a 

well-known practice, while CCS is still being explored. Human health is one of the only 

impacts caused differently by the different stages of the supply chain, either due to nutrition 

deficiency (M. Beal et al., 2018) or CO2 leakage from transport or CCS (Minx et al., 2018; 

Mayer, 2019). QSR literature has only shown a direct link between transport and water stress 

(Rosa et al., 2021) but CCS literature presents concerns of leakage through transporting CO2 

in wells or pipelines (Zhou, 2020). 

 

It is important to apply case study research to avoid generic conclusions (Fajardy & 

MacDowell, 2018), especially considering results are based in global literature. Using the 

results above to examine a location or large-scale BECCS project can provide guidance to 

identifying potential site-specific social impacts. To demonstrate it, this study applied the QSR 

results to a UK-based case study to identify the potential social impacts. 
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Chapter 4. Case study: BECCS in the UK 

 

The Sixth Carbon Budget recommended the UK to allow tech-based CO2 removal, such as 

BECCS and DACCS, to be included as an element to decarbonize the nation and meeting the 

Climate Change Act targets, aiming for starting deployment by late 2020s instead of later in 

the 2030s (CCC, 2020). This is recommended as actions required by the CCC in the 2020s to 

ensure achievement of net zero targets, specifically in the part of “energy, carbon capture 

and storage, and land use requirements”, including 80% of bioenergy supply managed as 

BECCS by 2050. The CCC recommends for biomass usage to be largely UK-grown by 2035 to 

meet the net zero scenarios. This is relevant in two ways; 1) most of the highlighted impacts 

are based on locally grown crops for bioenergy (limiting the control over such impacts and 

its regulations), and 2) if this is followed, it gives the UK time to set up the right regulation to 

ensure such impacts are reduced/avoided at a national level.  

 

Costs, measured in (£/tCO2), of deploying BECCS vary based on the source (biofuel and 

biomass), and the CCC suggests domestically sourced biomass may be cheaper, since 

imported sources add extra costs. Sources like local biogenic waste are a cheaper option to 

consider. Overall, the CCC (2020) recommends the UK to ensure a sustainable supply of low-

carbon biomass that is mostly domestically sourced, accompanied to an improved national 

and international governance on for biomass sustainability. 

Chapter 3 framed the impacts of BECCS and identified global social, environmental, and 

economic impacts. To understand the potential social justice risks that may occur if large 

scale deployment of BECCS take place in the UK, it is imperative to look at local projects 

first. local perspective can provide a base line understanding of what BECCS may imply at a 

social level, helping then identifying potential risks at a larger national scale.  

 

4.1 Drax and Selby 

The BECCS work of Drax Power Limited (Drax), a power generation business with the only 

large biomass power station in the UK and first BECCS pilot in Europe (Drax, 2021), and the 

town of Selby, located in the Yorkshire and Humber region in North East England, has been 

selected as the subject of the case study for this research.  
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The area where Drax operates has been identified as a location with potential for BECCS 

expansion to support action to meet the UK’s climate goals (BEIS, 2018; Donnison et al., 

2020). Drax power station already has a running pilot plant and is planning to expand their 

BECCS capacity within their Nork Yorkshire plant (Drax, 2021a). Drax is currently on the 

process to obtain a Development Consent Order (DCO)3 to start the development, and an 

Environmental Impact Assessment (EIA) Scoping Report has taken place. The official 

submission is expected to take place in 2022 (NIP, 2021). 

In 2018 Drax launched the Europe’s first BECCS pilot, collaborating with C-Capture 

technology to capture CO2 while producing bioenergy, and a second one with CCUS 

technology in Autumn 2020 (Drax,2019). There is no record of specific EIAs for the BECCS 

pilot plants in the National Infrastructure Planning4 although CCS was mentioned 

(requesting space to be saved for potential carbon capture activity) in the 2019’s EIA for 

their Drax Re-power, which aimed at repowering their last standing coal-fired units with gas 

turbines, to decarbonize their activities (NIP, 2019). After only two years, the business 

decided to expand its capacity, aiming to install BECCS in two of its bioenergy units by 2030, 

claiming carbon neutrality by doing it (Drax, 2021c).   

While promising, Drax is facing controversy due to the unclear impacts of BECCS, the 

increased energy requirement of the plants (Harrabin, 2019), and the scientific and legal 

questioning of the real negative emissions capacity. Their bioenergy is generated by burning 

wood biomass, mostly imported from North America, which it generates higher levels of CO2 

than burning coal, and it adds further emissions through the supply chain (ClientEarth, 

2021). This limits the potential for this BECCS location to perform sustainably, unless 

domestically-sources biomass is embraced (Donnison et al., 2020). 

Furthermore, while environmental impacts seem to be considered, further controversy may 

arise for BECCS in North Yorkshire at a social level. Both Drax marketing assets and BECCS 

academic literature seem to miss the actual input of the communities involved around 

BECCS projects. As seen in Chapter 3, social impacts of BECCS and GGR technologies are not 

 
3 A Development Consent Order (DCO) is the process of gaining permission for a construction project of 
developments classified as Nationally Significant Infrastructure Projects (NSIPs). As per the Planning Act 2008, 
energy, transport, waste, and water projects that meet certain criteria are under this category. (Drax, 2021c). 
4 The National Infrastructure Planning site provides public access to documented information of NSIPs (those 
meeting conditions under Part 3 of the Planning Act 2008) in England and Wales. Visitors can find relevant 
project application information, including EIA documentation (NIP, 2021). 
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studied thoroughly, not giving the importance they may hold, especially those that may take 

in the long term, such as food insecurity and water stress. 

There is little academic research focusing on Drax and Shelby. A UK study on the role of 

procedural justice and social legitimacy for GGR deployment in the country, included 

interviews to the Selby community regards their awareness and opinions regards BECCS, 

Drax and climate action (Mallet, 2019, p20-32; O’Beirne, 2020). The responses from the 

study are going to be used to support this chapter. 

Therefore, this case study provides a high-level review and analysis of an area where BECCS 

is already taking place and further development is planned, information is available, the 

location has been identified as suitable for development at small and large scale, and 

previous secondary research where Selby community was involved can support this study.  

To identify the potential social impacts of large-scale BECCS deployment in North Yorkshire 

area, different aspects will be analysed against the QSR results: 1) Drax BECCS impacts 

identified so far, 2) previous EIA relevant to Drax, 3) characteristics available on the new 

BECCS expansion plans, 4) Selby community interviews (Mallet, 2019, p20-32).  The relevant 

data findings have been collected in Appendix 6 and can be consulted to have a deeper 

insight on the results presented in Table 4.1. 

 

4.2 Results 

An exercise of mapping QSR social impacts list with the insights collected through the case 

study research identified what is likely to happen in Drax area at a social level. 

Table 4.1. Risks and likelihood of social impacts in Drax area. Results based on QSR and case study 

research. (Drax, 2021b) [1], (Drax, 2021c) [2], (NIP, 2018) [3], (Mallet, 2019) [4], (Drax, 2021a) [5]. 
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The area surrounding Drax, including North Yorkshire, and particularly Selby, does not 

present alarming results in terms of risks and likelihoods given the information researched. 

The sums of likelihoods are Low (n=8), Low/Medium (n=1), Medium (n=6), Medium/High 

(n=1) and High (n=1). Although positive, these results may not be fully accurate due to lack 

of varied information and technical details of the sources. In fact, no relevant information 

was found to provide results on issues like Energy security. Other issues like Exacerbation of 

poverty, Human rights and livelihoods at risk, Displacement of people/indigenous people, 

and Community conflicts are conflicts which information was lacking but connections made 

in the causal map guided the connections for the results set in Table 4.1. Like the causal 

map (Figure 3.2), most reasonings are conglomerated for social impacts related to land 

management. However, the new BECCS plants are not expected to require big amount of 

land due to 1) building within Drax facilities or near areas, and 2) importing biomass from 

the US (Drax, 2021a). Due to this, it is unclear how relevant impacts like Community conflicts 

could be, plus considering there is no record in the sources on requiring land occupied by 

people or housing plans. 

There is little evidence to consider high risks in long-term impacts such as food insecurity, 

water stress, and nutrition deficiency. The only two impacts with high likelihoods are set as 

positive under the sustainable categorization done in Chapter 3, Table 3.1. However, some 

impacts that could develop into high negative scenarios are Impacts on health and 

Reduction of culturally/historically significant landscapes since these are backed by more 

detailed and short-term reasons, such as the risk of CO2 leakages and land usage (NIP, 

2018). Finally, Selby interviews helped appreciate a little awareness on what BECCS might 

require, but concerns over social injustice were spotted, which was linked to impacts New 



[38] 

 

knowledge and skills in the community, Impact on resilience of rural communities, Net gain unfairly 

distributed and Community conflicts. 

Therefore, at first glance negative social impacts do not seem highly concerning. It is 

important to consider most data was collected from the Drax Re-Power project EIA and the 

Drax assets informing on the new BECCS deployment plans.  
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Chapter 5. Looking further 

 

Finally, a review of GGR plans in the UK and a key legislative instrument is added to provide 

a more insightful understanding of the potential future social justice risks in the country and 

help to answer the research question. Future plans provide a reference to what other 

requirements may be needed to deploy further GGR scale-up. The legislative instrument 

review provides a quick examination of the UK’s EIA instrument to consider if it would help 

identify and reduce social impacts, and therefore reduce social injustice risks for future GGR 

and BECCS projects. 

 

5.1 Future plans 

The Donnison et al. (2020) study integrated environmental values in the identification of UK 

areas, aiming for modelling the most sustainable locations with the least environmental and 

social impacts (welfare value, water constraints, employability, among others.) for 

developing BECCS. Drax location, the Yorkshire and Humber region, was identified as the 

most suitable (Figure 5.1).  

 

Figure 5.1. Potential locations for BECCS deployment with locally sourced biomass, including 

impacts. Source: (Donnison et al., 2020). 
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But looking further than Drax plans to expand BECCS, the government is also channelling 

funding through its Strategic Priorities Fund towards multiple GGR ‘demonstrator’ projects, 

which are hosted at various universities looking into different GGR methods (UKRI, 2021), 

including peatland management, enhanced rock weathering, use of biochar, afforestation 

and scale-up of bioenergy crops. The last one focuses on developing biomass crops using 

new technologies to ensure perennial crops are suited to the UK conditions, considering 

reducing social impacts such as food insecurity (Nosworthy, 2021). More projects have been 

selected by BEIS to develop GGR, and many require the use of biomass or land use (BEIS, 

2021a). Bioenergy is not new in the UK and there is an existing sustainable biomass 

framework that could guide GGR actors to consider sustainable practices in this space (Box 

1). 

 

5.2 Legislation 
Finally, this study wants to provide a quick overview of key legislative tools in the UK for the 

development of new environmental related projects, such as EIAs. It is recognized as an 

important tool to identify environmental, social, and economic impacts of a project before it 

is confirmed its development (CBD, 2011). By looking at the instrument sections, we can 

identify what conditions and aspects a new project needs to consider before development 

to reduce or avoid negative impacts. 

 

BOX 1. UK’s sustainable biomass framework (DECC, 2012) 

The UK government set in 2012 a framework to embrace sustain  

ability for bioenergy. It proposed guidance and conditions for biomass usage in the energy sector. This 

framework is under current revision and will be published by 2022. The framework principles cover: 

1) Carbon reductions should be embraced during the whole supply chain  

2) Cost effectiveness required for bioenergy in reducing carbon emissions 

3) If demand raises, assessment on impacts increase should be done  

This framework does acknowledge socio-economic criteria of bioenergy impacts – including food 

production, land use change, and energy security.  
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The Town and Country Planning (Environmental Impact Assessment) Regulations 2017 

EIA regulations have the purpose to avoid damaging on the environment as result of a 

project development. Local planning authorities require EIAs to grant permission to proceed 

with a project, ensuring there is collective knowledge of environmental impacts and effects, 

including public awareness and participation (UK Government, 2014). EIAs taking place in 

the UK are regulated by the Town and Country Planning (Environmental Impact Assessment) 

Regulations 2017, developed, and updated from the Town and Country Planning Act 1990 

and the EU’s Environmental Impact Assessment Directive. 

In this instrument, in Part 1 section 4, it is stated that EIAs shall evaluate the effects on a 

proposed list of factors. This list includes factors that have been identified in this research as 

both social, economic, and environmental impacts; (1) population and human health, (2) 

biodiversity, (3) land, soil, water, air, and climate, (4) material assets, cultural heritage and 

the landscape, and (5) the interaction between the factors already referred. These cover a 

great deal of the most common social and economic impacts of BECCS, and therefore it is 

concluded that EIAs shall be a legislative instrument that should always be considered and 

applied in the deployment of new projects. 

In Schedule 1 and 2, Regulation 2(1) describes the developments, thresholds, and criteria 

applicable to carry out EIAs. Even though GGR developments or CDR are not explicitly 

included, BECCS developments may require an EIA since they entail installations for CO2 

capture and/or CO2 storage purposes; as per (16)(22)(23) in Schedule 1, and (3)(j) in 

Schedule 2. However, BECCS supply chain is complex and involves multiple activities that 

may fall under other development descriptions, thresholds, and criteria. Within Schedule 2, 

descriptions of the potential developments under the regulation that match BECCS activities 

include: 

▪ Projects for the use of uncultivated land or semi-natural areas for intensive 

agricultural purposes; if the area of development is higher than 0.5 hectare. 

▪ Industrial installations for the production of electricity, steam and hot water (unless 

included in Schedule 1); if the area of development is higher than 0.5 hectare. 

▪ Industrial estate development projects; if the area of development is higher than 0.5 

hectare. 
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▪ Amends or expansion to authorised or under execution developments, both in 

Schedule 1 and 2. 

Since impacts of BECCS are multiple and would vary depending on location, project, and 

biomass source, EIAs would vary in multiple aspects. And even though the requirement of 

CO2 storage is a common aspect and by itself requires EIAs, GGR actors should arguably 

include all the other factors identified (Table 3.1).  
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Chapter 6. Discussion 

 

The QSR and the case study research results demonstrate a knowledge gap surrounding the 

impacts of BECCS. Due to this area being still nascent, writing conclusive results is 

complicated. This poses a risk to the quality of evaluating BECCS impacts in the short- and 

long-term in specific scenarios, especially considering the nuances of GGR technologies and 

their supply chains (Minx et al., 2018). However, a high-level understanding of the potential 

social impacts of GGR methods like BECCS and how this may take place has been identified. 

This can provide a baseline understanding to incentivize targeted research and recommend 

areas that need to be prioritized when deployment or governance decision-making takes 

place. Therefore, concerning to the social impacts of BECCS and social justice risks in the UK, 

the discussion of this research explores: 

1) The limited and fragmented knowledge around the social impacts of BECCS. 

2) The identification of social impacts of GGR in the UK. 

3) Social justice and legitimacy: barriers for development. 

The section concludes with recommendations for GGR deployment to reduce social impacts 

and be more sustainable, which can inform future policy, and explores limitations for future 

deployment of the technologies and its policies. 

 

6.1 The limited and fragmented knowledge around BECCS social impacts 

Before answering the research question, it is relevant to discuss the implications influencing 

the whole research and conclusion.  

Lack of data  

A lack of exploration of, and technical data on, the impacts of deploying BECCS was 

apparent in the research of both the QSR and the case study. While there is a growing body 

of literature on the impacts and governance of deploying GGR at large, there is still a gap in 

the understanding of impacts, especially at a social level. In the case of BECCS, despite being 

one of the most popular GGR methods due to its cost-effectiveness (BEIS, 2018) and 

potential scalability (IPCC, 2014), it is unclear how to deploy it without increasing negative 

impacts. That might be due to the lack of clear scientifically backed understanding of such 
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impacts. Even though the QSR presented a list of social impacts, the reasonings (Appendix 4) 

are often superficial, lacking a thorough rationale behind the causalities. Often in the 

literature, social impacts were simply mentioned, using other authors as references, but not 

explored. Sometimes, those referenced authors made a similar simple mention in their 

studies. Most authors refer to the same sources, as observed in Chapter 3. This suggests 

previous research possesses a high-level understanding of the social impacts of BECCS. 

This is not the same for every social impact identified. Food insecurity, water stress, 

displacement of agriculture and people, are supported by better data in IAMs. Quantitative 

studies using IAMs identified in the QSR evaluate long-term impacts of BECCS or other 

methods with more accuracy thanks to numerical data, usually known due to previous 

researched areas, such as biomass plantations irrigation (Stenzel et al., 2021), water and 

energy use (Fuhram et al., 2020) and land profitability (Yamagata et al., 2018). However, in 

this body of research multiple IAMs miss specific data, e.g., logistics requirements (Fajardy, 

Chiquier & Dowell, 2018), or social data related to CCS (Patrizio et al., 2018). Assumptions 

are common in this space (Muratori et al., 2016; Dooley & Kartha, 2018). The implications of 

these gaps may lead to an inaccurate forecast of consequences. Therefore, new approaches 

to data collection or evaluation of data may be needed. This appears to be complex, and 

perhaps a start is ensuring social impacts are included in the research for new projects. 

Considering most of the QSR studies were published in the last 5 years, and BECCS is not 

deployed at large scale enough to provide insightful data, the lack of accuracy and technical 

backing data is expected. However, this puts at risk evaluation of BECCS deployment at a 

social level, both in the short-term and long-term. This was observed in the results of 

Chapter 4. Data was not abundant nor accurate enough to provide precise results and relied 

on using the causal map (Figure 3.2) to match potential long-term impacts with the case 

study information.  

Missing connections and fragmentation 

There is no consensus on classifying impacts. While some studies would consider a social 

impact (as per this research) to be economic, others only considered social issues related to 

awareness and acceptance. Applying the SBI brought logic. The causal map (Figure 3.2) 

highlighted missing connections between impacts; an impact that is not initially identified 

may only develop because of a previous impact happening. Awareness of these links 
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matters when designing policy to provide a holistic understanding of the value chain, e.g., if 

conflicts with land tenure happen due to land grabbing, a risk of impacting poverty in the 

community exists. This lack of clear connections on the QSR highlighted the fragmented 

research of the supply chain, causing a lack of clear links between impacts. 

Fragmented research increases the risk of missing unique issues since the interconnected 

supply chain is not exhaustively studied. This could mean that most of the QSR results are 

based on the same fragmented data, potentially reducing the value of the analysis. 

Comparing more diverse data sources could provide more critical and reliable results, as 

well as a better insight into the nuances of the technologies and social impacts. 

Context dependent 

BECCS impacts are too context dependent to assume results are applicable to every 

scenario. Not every country has indigenous people, nor the capability to help farmers gain 

new skills and increase community resilience. Moreover, supply chain requirements and 

impacts may vary depending on the source of the biomass for BECCS. For example, 

international supply chains that import biomass may have fewer social impacts nationally 

but cause an increase of issues in the exporting countries due to expanding their land for 

biomass trade (McElwee et al., 2020).  

Chapter 3 framed the impacts of BECCS and identified global social, environmental, and 

economic impacts. The extensive spectrum of impacts confirms the nuances of the 

challenges GGR may face. As observed in the QSR, there are variables that determine the 

resulting impacts of BECCS deployment: scale, biomass source, and location. The same 

happens in the UK; spatial context strongly influences the impacts, both positively and 

negatively (Donnison et al., 2020). This adds another complex layer of nuances that GGR 

deployment and policymaking would face. 

6.2 The most likely social impacts to take place in the UK 

The case study provided an idea of the requirements for BECCS deployment and what social 

areas may be impacted. However, Drax is not expecting to use significant land space due to 

their plans to import biomass from the US, moving the impacts elsewhere. This should not 

be applicable to the other UK projects since this decision relies on each GGR actor and their 

supply chain (Global CCS Institute, 2019). Less land demand for growing bioenergy crops 
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reduces the displacement of agriculture, and therefore the displacement of people, food 

insecurity, water stress, and other sub-sequent impacts, including human rights and 

livelihoods at risk, community conflicts, and exacerbation of poverty, are less expected (see 

Figure 3.2 for links).  

However, paying attention to the future plans in the UK for GGR (UKRI, 2021; Nosworthy, 

2021), the demand for land is expected to grow, as planned projects are land and biomass 

intensive, either for BECCS or other methods. This suggests all impacts related to land 

management are likely to increase. This is aggravated due to the limited land available 

(Donnison et al., 2020). Considering the supply chain operations and needs of BECCS, only 

specific areas, mostly coastal areas with access to CO2 storage such as the ocean (Figure 5.1) 

are available to deploy this method at a large-scale (ibid.). The study by Donnison et al. 

considered the Drax area to have the least negative social impacts for large-scale BECCS. As 

this area is already being expanded for BECCS, and if the other projects will use land 

according to the government plans (BEIS, 2021a), this study concludes that the well-being of 

communities is at risk of being impacted in the UK.  

This includes impacts on people’s health and nutrition, considering Chapter 4 results links 

CO2 leakages, soil leaching, and impact on drinkable water to these. The most likely negative 

social impacts to take place at a national level are Food insecurity, water stress, 

displacement of agriculture, impact on human health and nutrition deficiency. Looking at the 

positive, large deployment could provide better community resilience, and new skills and job 

opportunities. Nevertheless, this relies on appropriate deployment and management, since 

poor practices could lead to unequal distribution of net gains and community conflicts 

(Mallet, 2019). The yet-to-build policies and regulations for GGR will directly set the fate of 

the social impacts. 

Based on the UK’s EIA regulations, BECCS would have to deploy a thorough assessment and 

evaluate the impact on the land and communities affected before and after construction. 

This is relevant considering the impact on agricultural land, Public Right of Ways and 

historically relevant buildings human health, and soil leaching (NIP, 2018). These are the 

most short-term impacts EIAs consider. Contrary, the long-term impacts (e.g., food 

insecurity, water stress, nutrition deficiency, exacerbation of poverty) might be missed by 
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EIAs. Lack of consideration could lead GGR actors and policymakers missing these during the 

decision-making process.  

While a sustainable framework on bioenergy (BOX 1) exists, this only responds to a specific 

part of the BECCS supply chain, resembling the appreciated fragmented academic research. 

If BECCS wants to deploy sustainably, this guidance can be useful but may not be enough to 

mitigate all social impacts.  

Missing impacts 

There is a slight disconnect between the findings of the academic literature review and 

wider awareness of the issues renewable energy projects have faced in their deployment. 

Evidence suggests renewable energy projects deployment has faced barriers due to social 

impacts related to visual landscape and noise disturbance (Wüstenhagen, Wolsink & Bürer, 

2007; Jones & Eiser, 2010; Shankleman & Paulsson, 2020). The QSR results did not identify 

these kinds of impacts for BECCS. Nevertheless, the case study research included visual 

landscape impact and noise disturbance, mentioned by Drax as potential trade-offs of 

BECCS plans, including these in their upcoming EIA.  

GGR actors and policymakers should include these impacts in the list of social burdens 

BECCS deployment may cause. It has been an issue for renewable energy projects 

worldwide, including the UK (Jones & Eiser, 2010), and therefore it should not be assumed 

that GGR won’t face the same fate. Public acceptance is key for social legitimacy, this being 

important for projects to move forward. 

This link is relevant since both renewable energy and GGR projects are recommended 

globally to scale-up to support net-zero emissions and mitigating climate change (IPCC, 

2014). Renewable energy has been largely deployed compared to GGR, and therefore we 

believe past renewable projects can help bridge gaps in information about GGR methods 

impacts, anticipating social barriers. 

Exporting bioenergy 

The CCC (2020) recommends the UK domestically source low-carbon biomass to ensure a 

sustainable supply chain, accompanied by an improved national and international 

governance guidance for sustainable bioenergy. Contrary to this, most land-use related 
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impacts from the case study is nationally mitigated because Drax plans to keep importing 

biomass from the US forests (Drax, 2021a). This is another disconnect found between the 

QSR and the case study. Literature review and CCC meet in recommending a local/national 

supply of biomass for the supply chain of BECCS since it would improve sustainability at both 

social (supports local/rural income and resilience) (Smith et al., 2019; McElwee, et al. 2020), 

and environmental level (less emissions) (Mallet, 2019), and provide regulations and control 

of the supply chain. While not using locally sourced biomass may benefit the mitigation of 

potential social impacts, this adds ethics or moral issue to GGR actors. These mitigated 

impacts may still take place, and arguably worse, in the areas where biomass is being 

imported from, potentially impacting their communities. While Drax claims using 

sustainably sourced biomass, it’s not a default practice for other projects in the UK. The 

international impact of the supply chain is outside the scope of this research, but it is an 

arguably important area to consider for GGR actors and policymakers.  

6.3 Social justice and legitimacy: barriers for development 

Confirming the hypothesis of this research question, social justice is at risk in the UK with 

large-scale deployment of BECCS, and therefore GGR is likely too. This is confirmed 

considering the lack of proper information on social impacts, current practices, future plans, 

and low public awareness. 

Social legitimacy and procedural justice are relevant to this study on social justice and its 

impacts on GGR since they are interconnected. As explored in the introduction, procedural 

justice gives relevance to social actors (Joss and Bownlea, 1999), something this present 

study is aiming for. Procedural justice focuses on the perception of justice and fairness in 

the development of a project, meaning public participation is a key element (O’Beirne, 

2020). If performed properly, it can lead to social legitimacy (Heap et al., 2020), aka social 

acceptance of a method, and ‘socially sustainable policies and decisions’ (Joss and Bownlea, 

1999). Social injustice may take place as a by-product of badly employed policies in climate 

change and sustainability action. This research supports the previous research body on 

procedural justice and social legitimacy by providing further awareness and knowledge on 

what are the potential social areas that may impact the social actors. Agreeing with Cot et 

al. (2018), framing GGR benefits and trade-offs properly will impact the understanding of 

them. 
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6.4 Recommendations  

Based on the results and evaluation of this research, several recommendations have been 

developed for action on UK’s GGR large-scale deployment to reduce social justice risks: 

 

1. Biomass should be locally sourced ensuring social stakeholders can benefit from the 

process. For this, caps on land available for GGR practices should be established. This 

study suggests a similar approach to the maximum sustainable yield for fishing, 

(Munder, 2008). This may lead to GGR actors to require importing biomass but 

would potentially bring sustainable balance. Third-generation biomass is 

recommended to ensure low-carbon resources. 

2. A research and governance body to support policymaking should be established, 

ideally by governmental institutions, to support research and the creation of 

relevant policies, regulations, and standards for GGR actors and deployment. 

3. Legislation tools should be updated to include GGR in relevant sections or creating 

specific statutory instruments. A similar approach to the EU CCS Directive 

2009/31/EC (EC, 2009), or the UK Energy Act 2011, where CCS is mentioned 

(Legislation Gov, 2011).  

4. EIAs on GGR projects to consider the long-term impacts, ensuring not only the 

impacts during construction and short-term deployment are assessed. 

5. Public awareness and engagement should be facilitated both by GGR actors and 

public institutions, enhancing participation further than EIAs public opinion 

collection. Information shouldn’t be too technical nor too high-level. Long-term 

consequences to be clearly communicated. 

6. GGR projects should report impact evaluations every 5 to 10 years. Considering some 

long-term impacts might be missed by EIAs, regular reporting using specific 

measures for each social impact could enhance awareness and mitigate long-term. 

Reporting knowledge should be made public, for the benefit of academia, GGR 

projects, and the social community. 
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6.5 Limitations 

For the case study research, in-depth technical information wasn’t accessible. If GGR 

projects are delivered by private entities, conflicts of interest may add barriers to the 

development of the recommendations, such as the creation of the research and governance 

body. BECCS plants and their supply chain need to be fully studied to be understood and 

move on from fragmented knowledge, but private organizations may present adversity to 

sharing tech-specific and commercial data.  

Social justice is complex. Identifying social impacts doesn’t ensure social justice risks are 

mitigated. Every project has specific context and supply chains that need specific attention 

and regulation. Finally, even if legislation is updated and guidance provided, it still relies on 

GGR actors to properly assess social impacts and justice risks. 
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Chapter 7. Conclusions 

 

To mitigate climate change, the UK aims to reach net-zero by 2050. To do so, a rapid and 

sustainable large-scale deployment of GGR is recommended. This research serves as an 

initial investigation of the current understanding of the social impacts of GGR large-scale 

deployment, with a focus on BECCS, and the potential social justice risks in the UK. By 

exploring these, we conclude that social justice is at risk in the UK if large-scale GGR 

deployment takes place, due to the lack of knowledge around social impacts, unsustainable 

practices, lack of regulation and awareness. This may lead to barriers for rapid, sustainable, 

and just deployment, impacting not only national climate action, but negatively impacting 

society, which is far from what sustainable development aims for. Better knowledge and 

regulations are needed to enhance sustainable practices, social legitimacy, and acceptance 

of GGR. 

The research has found missing and contradictory information around BECCS supply chain 

impacts. For this reason, further research is recommended in the following areas: 

1. The interconnections within the BECCS supply chain. Moving on from fragmented 

research. 

2.  Case study-based research of current GGR projects to increase the in-depth of the 

research body and consider more methods nuances. 

3. A sustainable deployment framework for GGR should be investigated and developed, 

to facilitate future research and policymaking. 

4. Renewable energy deployment barriers: lessons for GGR. 

 

Understanding both the benefits and trade-offs of large-scale GGR deployment can help all 

actors involved, from GGR actors to policymakers and communities, to ensure sustainable 

and fair practices are applied. Altogether it can reduce future deployment barriers, 

increasing social acceptance, and reduce negative outcomes. GGR is a potential solution to a 

common issue, climate change. By bringing more knowledge and awareness, we ensure a 

pathway to a better future that does not leave anyone behind. 
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Appendices  

Appendix 1. 

Table A.1. GGR methods, estimated costs and UK scale of deployment. Indicative table 

(BEIS, 2021). 

 

 

Appendix 2.  

Chapter 2. QSR methodology. Notes from systematic review steps. Screening process.  

1. Usage of Web of Science (Web of Science Core Collection). first result was 88 results. 

Even though I aimed to find social negative impacts, authors may be biased or have 

different rationale when deciding what is negative or not. Therefore, the search is 

not exclusive for “negative impacts”. In the same way that concepts of “impact” and 

“risk” may be viewed differently, so many similar words that may relate to the same 

are used not to exclude. The keyword for this is “perceived”. Articles collected: 61. 

 

2. New keywords were added in the third box of keywords being mindful of potential 

different interpretations of impacts/risks, adding words that define better the 

population impacted, including “community” “population” “people”, etc. (see Table 

2.1). Articles collected: 81. 
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3. The second search is run on EBSCO. Only 4 results. 3 were already in the previous 

searches. Articles collected now: 89. 

 

4. Screening 1 - Titles. Discarded titles that included keywords that made reference to 

technical content outside of scopes, such as “geoengineering”, “life cycle 

assessment”, as well as titles exclusively mentioning other GGR methods. Articles 

left: 72. 

 

5. Screening 2 - Abstract reading. The criteria to select articles through this screening 

included considering finding keywords that could refer to the impacts of BECCS, 

considering the keywords in column 3 of Table 1.1. Articles left: 49. 

 

6. New search in Scopus due to not finding specific articles found in the background 

literature review that are considered relevant. Using the same Boolean search, 

Scopus showed a result of over 3000 articles. Based on previous findings, research 

was reduced by deleting too generic keywords such as “net zero” and “climate 

change mitigation”. Moreover, precisely added a limit on AND NOT to avoid too 

technical articles and ensured BECCS was always in the search since a lot of results 

only focused on bioenergy/biomass with no mention to CCS nor GGR. On top of this, 

the data search was limited to Social Science articles. Articles found: 34. Below are 

the keywords used:  

 

TITLE-ABS-KEY ( “Greenhouse gas removal”  OR  “carbon dioxide removal”  OR  

“CDR”  OR  “GGR”  OR  “negative emissions”  OR  “negative emissions 

technologies”  OR  “NETs”  OR  “carbon removal”  OR  “carbon neutrality” )  AND  ( 

“Bioenergy with carbon capture and storage”  OR  “BECCS”  OR  “biofuels with 

carbon capture and storage”  OR  “bioenergy with CCS”  OR  “bioenergy and 

carbon capture and storage”  OR  “bioenergy and carbon removal and storage” )  

AND NOT  ( “geoengineering”  OR  “bioengineering” )  AND  ( “social impacts”  OR  

“social negative impacts”  OR  “negative social impacts”  OR  “socio economic 
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impacts”  OR  “impacts”  OR  “risks”  OR  “consequences”  OR  “ethics”  OR  

“justice”  OR  “social justice”  OR  “livelihood”  OR  “community”  OR  “procedural 

justice”  OR  “social acceptance”  OR  “social legitimacy”  OR  “perceived impact”  

OR  “harm”  OR  “public perception”  OR  “public” )  AND  ( LIMIT-TO ( SUBJAREA ,  

“SOCI” ) ) 

 

7. Out of these 34, 5 of them were already in the first search (1). Therefore, the total of 

articles from Scopus initially was: 29. These articles went through the same 

screening process, same criteria were applied. Once reduced, only 18 articles were 

left. At this point, the total amount of articles (from all databases) was: 67. 

8. Most of the articles did not focus on the social impacts of BECCS but would include 

content relevant to the research. The final screening process with all collected 

articles started here. 

9. Keywords were used to skim-reading the documents: BECCS (if not in title nor 

abstract), public, social, perceived, harm, impact, livelihood, risks, consequences, 
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Appendix 3  

Table A.2. QSR data extraction from 29 articles. Categorization based on SBIS by FAO (Bracco et al., 2019, p7-17). 

Social Environmental Economic Reference Methodology Theme of 

study 

Social impacts 

focus 

Displacement of 

agriculture 

Displacement of 

indigenous people 

 

Biodiversity reduction  (Peacock, 2021) Literature review NETs Mentioned 

Less access to basic 

services: water 

Water scarcity  (Stenzel et al., 

2020) 

Quantitative model Biomass 

plantations 

No 

 Water scarcity  (Rosa et al., 2021) Quantitative model BECCS No 

Food insecurity Biodiversity reduction Increase of yield 

Employment 

opportunities 

(Fuss & Johnsson, 

2021) 

 

Qualitative research BECCS Mentioned 

Food insecurity Water scarcity 

Land use change 

Biodiversity and 

ecosystems reduction 

 (Brand & King, 

2020) 

Quantitative 

literature review 

 

BECCS Mentioned 

  Food price rise (Fuhram et al., 

2020) 

 

IAM BECCS No 
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Food insecurity 

Reduction of 

culturally/historically 

significant landscapes 

Displacement of 

agriculture 

Impact on human 

health 

Less access to basic 

services: water 

Better access to basic 

services: clean energy 

 

Biodiversity reduction 

Ocean acidification 

regulation 

Regulation of climate 

Freshwater quality 

decrease 

Soil quality decrease 

Reduction of resources 

depletion 

Air quality improvement 

Food price rise 

Social capital 

increases 

Reduction of other 

materials, genetic 

resources and 

diversity 

production 

Employment 

opportunities 

Economic growth 

Knowledge 

generation and 

innovation 

(McElwee et al., 

2020) 

Literature review 

and case study 

 

Bioenergy 

and BECCS 

Mentioned 

Food insecurity 

 

Land use change 

Air quality decrease 

Water scarcity 

Soil quality decrease 

Indirect emissions 

increase 

 

 (Fridahl, Hansson 

& Haikola, 2020) 

Literature review 

 

NETs Mentioned 
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Energy security 

Food insecurity 

Displacement of 

people 

Land rights conflicts 

 

Land-use competition Economic growth (Waller et al., 

2020) 

Literature review 

 

GGR Mentioned 

Food insecurity 

Less access to basic 

services: water 

Human rights and 

livelihoods at risk 

Displacement of 

indigenous people 

 

Biodiversity reduction  (Lin, 2019) Literature review 

and IAM 

 

GGR Mentioned 

Food insecurity 

Displacement of 

people 

Land rights conflicts 

 

 

Air quality improvement 

Land use change 

Ocean acidification 

reduction 

Water quality decrease 

Deforestation 

Change in albedo and 

evapotranspiration 

Economic growth 

Employment 

opportunities 

Food price rise 

(Smith et al., 

2019) 

Literature review 

 

GGR Mentioned 
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 Land use change and 

competition with other 

land uses 

Water scarcity 

Water 

evapotranspiration 

Soil depletion 

Productivity loss Erosion 

 (Fajardy, Chiquier 

& Mac Dowell, 

2018) 

Literature review, 

Model and case 

study 

 

BECCS  

Food insecurity 

Better access to basic 

services: energy 

Impact on human 

health 

 

Land use change 

Biodiversity reduction 

Deforestation 

Soil quality decrease 

Water scarcity 

Change in albedo 

CO2 leakage 

Economic 

development 

Rural income 

diversification 

Knowledge 

generation and 

innovation 

GHG emissions 

substitution 

 

(Minx et al., 2018) Literature review 

 

NETs No 

Food insecurity 

Less access to basic 

services: water 

Land use change 

Land-use conflict 

Biodiversity reduction 

 (Vaughan et al., 

2018) 

IAMs 

 

BECCS Yes 

 Water scarcity  (Muri, 2018)  BECCS No 
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Change in albedo 

Biogeophysical effects 

Global warming   

 

Food insecurity 

Nutrition deficiency 

Water scarcity 

Freshwater quality 

decrease 

 (M. Beal et al., 

2018) 

Technoeconomic 

and life-cycle 

assessment 

 

BECCS Mentioned 

Food insecurity 

Less access to basic 

services: water 

 Need of funding 

streams 

Food price rise 

(Honegger & 

Reiner, 2017) 

Literature review 

 

NETs Mentioned 

Food insecurity 

Displacement of 

people 

Water scarcity 

Freshwater quality 

decrease 

Biodiversity reduction 

Environmental 

degradation 

Food price rise (Burns & 

Nicholson, 2017) 

Literature review 

 

BECCS Mentioned 

Net gain unfairly 

distributed 

Food insecurity 

Nutrition deficiency 

Land use change 

Land-use competition 

Freshwater quality 

decrease 

Ecosystem reduction 

Employment 

opportunities 

(Buck, 2016) Empirical research 

 

NETs Yes 



[69] 

 

Food insecurity Land use change 

Indirect emissions 

increase 

 

Low carbon prices 

Economic growth 

Food price rise 

(Muratori et al., 

2016) 

IAMs 

 

BECCS Mentioned 

Change of land 

management practices 

by owners 

Land rights conflicts 

Impact on resilience of 

rural communities 

Community conflicts 

Food insecurity 

New knowledge and 

skills in the community 

Gender inequality 

 

Land use change 

Land improvement 

Regulate erosion 

Knowledge 

generation and 

innovation 

Inclusive economic 

growth 

Local economies 

(Creutzig et al., 

2014) 

Literature review 

 

Bioenergy 

and BECCS 

Mentioned 

Food insecurity 

Less access to basic 

services: water 

Land rights conflicts 

Community conflicts 

Impacts on health 

Land-use competition 

Biodiversity reduction 

Soil quality decrease 

Freshwater quality 

decrease 

 (Mayer, 2019) Literature review 

 

BECCS Yes 
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 Increase of coastal 

eutrophication 

Change in albedo 

Impact on climate 

 Reduced land for food 

production, bioenergy 

and animal feed 

 

 (Van Vuuren, 

2018) 

IAMs 

 

GGR No 

Food insecurity 

Less access to basic 

services: water 

 

Ecosystems’ reduction 

and stress 

Deforestation 

 (Yamagata, 2018) IAMs 

 

BECCS No 

Food insecurity 

Community conflict 

Human rights and 

livelihoods at risk 

Exacerbation of 

poverty 

 

Land use change 

Water scarcity 

Freshwater quality 

decrease 

Indirect emissions 

increase 

Nutrient loading 

Environmental 

degradation 

Food price rises (Dooley & Kartha, 

2017) 

 

Literature review of 

IAMs 

 

NETs Yes 
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  Employment 

opportunities 

(Patrizio et al., 

2018) 

IAMs 

 

BECCS Mentioned 

Food insecurity Environment 

degradation 

Desertification 

 (IPCC, 2018) n/a 

 

LULUF No 

Working conditions 

significant 

Food insecurity 

 

 

  

Land-use competition Food price rise 

Employment 

opportunities 

New regulations 

and policies 

Rural income 

diversification 

 

(Stoy et al., 2018) Literature review 

and case study 

 

BECCS Yes 

Food insecurity 

Land rights conflicts 

Land use change 

Land-use competition 

Biodiversity and 

ecosystems reduction 

Water scarcity 

Air quality decrease 

Freshwater quality 

decrease 

Food price rise 

Economic 

implications 

(Cough et al., 

2018) 

Literature review 

 

BECCS Mentioned 
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Appendix 4. 

Social impacts reasoning. Support analysis for causal map building. 

• Food insecurity 

BECCS usage of land has similar, if not the same, impact on food security than large-

scale deployment of afforestation and reforestation (IPCC, 2014). Land availability is 

limited, and by expanding BECCS and using the land for alternative uses instead of food 

production, such as growing energy crops or building new plants, food insecurity may 

increase (IPCC, 2014; Fuss et al., 2018; Creutzig, 2014). The level of impact or risk of 

food security is highly influenced by the biomass used in the BECCS supply chain. First-

generation biofuels could have higher impact on food production than second 

generation since it requires more land usage, and it depends more on world markets 

(Lin, 2019). Authors have explored how food insecurity could be mitigated or reduced 

by using organic waste resource and residues, sustainable crops or recovering marginal 

land, also known as second and third biofuel generation (Vaughan et al., 2018; Dooley 

K., Kartha S; Muri et al., 2018; Lin, 2019). Food insecurity is both a consequence and a 

reason of another economic impact of BECCS, food prices rising (Humpenöder 

et al., 2018; Popp et al., 2017). Just like other BECCS impacts, food insecurity is context 

dependent (Muri, 2018; IPCC, 2014). 

• Less access to basic services: water stress 

Water is a highly used element within the BECCS supply chain (Stenzel et al., 2021; 

Rosa et al., 2021). Either for energy crops cultivation, CCS process and transport water 

is needed, competing with agro-ecosystems (Rosa et al., 2021; Beringer, Lucht & 

Schaphoff, 2011; Yamagata et al., 2018). Models have also shown water stress because 

of increasing biomass production at both local and global level (Stenzel et al., 2020), 

although level of impact would rely on what feedstock is being harvested (McElwee et 

al., 2020). 

 

 

 

 

https://onlinelibrary.wiley.com/doi/full/10.1111/gcb.15219?saml_referrer#gcb15219-bib-0048
https://onlinelibrary.wiley.com/doi/full/10.1111/gcb.15219?saml_referrer#gcb15219-bib-0094
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• Displacement of agriculture 

Focusing land management to produce bioenergy to deploy large-scale BECCS leads to 

displacement of agriculture, impacting food security since most of that land is used to 

grow edible food for humans (Peacock, 2021).   

• Impact on human health 

Acknowledgement on human health is rarely mentioned. A study links it to bioenergy 

expansion (McElwee et al., 2020). It could be considered because of multiple impacts 

at a social, economic, and environmental level. For example, food systems and water 

impact people’s health when they are absent, and with large/scale BECCS, and 

therefore bioenergy, they may become less available for communities due to land 

usage and food price increase (Burns & Nicholson, 2017; Humpenöder et al., 2018; 

Honegger & Reiner, 2017). Mayer (2019) considers CCS adds risks of asphyxiation due 

to potential CO2 leakages. However, the QSR shown a consensus on considering CCS 

risks mostly unknown.  

• Community conflicts 

Expanding bioenergy to deploy BECCS at large-scale is the main cause of this impact. 

On the one hand, it can translate into amending how farmland is managed, reducing 

community-based productivity, activities and responsibilities, potentially leading to 

uneven share of such events and intracommunity conflicts (Mingorria et al., 2010 in 

Creutzig et al., 2014). On the other hand, requiring more land may be translated into 

land grabbing, especially in developing countries (Mayer, 2019), generating more 

tension between communities (Creutzig et al., 2014; Mayer, 2019; Dooley & Kartha, 

2017). 

• Displacement of people/indigenous people 

Land grabbing could also mean displacing people, as well as the displacement of 

agriculture McElwee et al., 2020; Peacock, 2021). Both are consequences of BECCS but 

also the causes for displacing people from their land, like indigenous people (ibid.) in 

developing countries (Mayer, 2019). Issues with communal or unclear land tenure are 

https://onlinelibrary.wiley.com/doi/10.1111/gcb.15219#gcb15219-bib-0011
https://onlinelibrary.wiley.com/doi/10.1111/gcb.15219#gcb15219-bib-0048
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acknowledged as a common reason behind displacement of people (Liu, 2019; Dooley 

& Kartha, 2017). 

• Human rights and livelihoods at risk 

The communal or unclear land tenure tends to lead to threats of dispossession for 

indigenous people, already threatened by land-related pressures, such as illegal 

logging, another popular issue due to lack of legal rights to land (Dooley & Kartha, 

2017). Displacing people from their land poses at risks their livelihoods (Mayer, 2019), 

threatening human rights. Burns and Nicholson (2017), consider livelihoods of poor 

people would be mostly impacted by bioenergy expansion. 

• Nutrition deficiency 

Because of land for food change, this may impact the production of healthy food and 

fibre (Buck, 2016). However, some specific methods, such as BECCS with integrated 

algae production, could provide high-quality protein as well as electricity source 

without increasing food water (Beal et al., 2019). This is another example on how 

BECCS impacts may differ depending on applications and contexts. 

• Reduction of culturally/historically significant landscapes 

Requiring more land conversion for bioenergy and BECCS could also lead to using areas 

with culturally and historically significant landscapes (McElwee et al., 2020).  

• Better access to basic services: clean energy 

Access to clean energy could increase if within the next 80 years BECCS contributes as 

primary energy source (Clearke et al., 2014 & IPCC, 2018 in McElwee et al., 2020). This 

event is not fully seen in between the studies of the QSR, and it faces contradiction 

with ‘energy security’. 

• Energy security 

It’s unclear if energy security may be a benefit or a trade-off of BECCS. In the literature 

review on BECCS by Waller et al. (2020), energy security is both portrayed as a positive 

and negative impact. BECCS could threat energy security assuming output of energy is 
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reduced due to carbon removal efforts (Fajardy & MacDowell, 2018). However, IAMs 

scenarios of BECCS on energy security show that outputs of deployment depend on 

context, therefore general conclusions should be avoided (ibid). 

• Net gain unfairly distributed 

When BECCS supply chain is connected to bioenergy from other nations, like 

developing countries, it can result to unfair distribution of impacts or costs and 

benefits or gain, either due to weak institutions (Mayer, 2019) or not putting the 

switch to cash crops and paid jobs on rural communities (Buck, 2016). 

• Change of land management practices 

Due to the expansion of bioenergy, landowners and farmers may change how land is 

managed to meet production expectations, which could alternate the GHG emissions 

net balance, and have other sustainability impacts (Davis et al., 2012 in Creutzig et al., 

2014). This would add pressure on negative environmental impacts identified in the 

QSR, such as increase of global warming and air pollution. 

• Impact on resilience of rural communities 

In a scenario of economic prosperity due to bioenergy deployment to support large-

scale BECCS deployment, a social benefit could be an improvement of resilience in 

communities resulting from to the improvements at an economic level (see economic 

impacts in Table 3.1), such as economic wellbeing and new jobs opportunities (Creutzig 

et al., 2014). 

• New knowledge and skills in the community 

Following the notes on the previous impact reasoning, the economic impacts of BECCS 

deployment may benefit working conditions as well as the development of farmers in 

terms of skills and knowledge due to the new jobs and increased opportunities in the 

market (Creutzig et al., 2014).  It is unclear how these skills would be taught or 

transferred. 
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• Gender inequality 

Bioenergy deployment has been associated with gender issues, especially in 

developing countries, due to the unequal distribution of responsibilities (Creutzig et 

al., 2014). McElwee et al. (2020) did not associate current bioenergy and BECCS 

practices with gender inequality issues, although it noted that if BECCS deployment 

takes place focusing on the usage of local seeds (instead of international bioenergy 

markets), women could have relevant roles in the preservation of the seeds, which 

could support the recognition of gender requirements. 

• Exacerbation of poverty 

This is another consequence of an impact of BECCS; displacement of people due to 

lack of clarity with rights to land and tenure, may exacerbate poverty (Dooley & 

Kartha, 2017).
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Appendix 5. 

Figure A.1. High resolution causal map from Chapter 3 (Figure 3.2) - BECCS social impacts connected to supply chain. 
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Appendix 6.  

Collected findings from the UoAs (Table 2.2) of the case study research. These 

findings were used to building the case study matching the QSR results in Table 3.1. 

Drax impacts 

Records of Drax Power operations are available on their website. They provide 

information from their own corporate reports, grey literature, and reports by other 

institutions like Oxford Economics, the CCC, Carbon180 and more (Drax, 2021d).  The 

topics cover BECCS to GGR in general, bioenergy, and CCS. 

The National Infrastructure Commission (NIC) launched a report in July 2021 

summarising the impacts and costs of engineered GGR, including BECCS and DACCS. 

Although the focus is not on social impacts, their list of natural capital impacts includes 

impacts identified by this study, including food insecurity due to land usage for 

bioenergy, water stress due to large requirements of water, air quality decrease due to 

GHG release, and impacts on landscapes. Neither in the NIC report or other 

information shared by Drax around BECCS, there is a significant focus on social 

impacts.  

However, Drax claims to be aware of their social responsibility. They have educational 

initiatives to help local people learn new skills needed for the new job opportunities 

BECCS will provide. Programs like Mobilising a Million initiative or the Social Mobility 

pledge, focus on getting local people involved in their decarbonization plans through 

education and participation. They also claim to do charity work and cash donation to 

communities. In Selby, they stablished a five-year partnership with Selby College in 

2020 to support local technical education. Other topics surrounding social impacts, 

such as human rights and equality, are only considered within the range of their direct 

operations, the external indirect outcome of their practices doesn’t seem to be deeply 

explored or publicly shared (Drax, 2021b).  

Report of their emissions based on activity including their UK biomass production is 

available, as well as the water use of their thermal and hydro generation, and pumped 

storage. While there is an acknowledgment of past emissions breaching, a link with 

social impacts is missing. 
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These materials are arguably set to benefit the organization. It is appreciated that 

most shared information around social impacts mostly covers the positive/benefits 

consequences of BECCS deployment, such as providing new skills in the community.   

Previous EIAs 

EIAs for BECCS projects are not yet available on the National Infrastructure Planning 

site. However, Drax Re-power EIA (NIP, 2019) provides a vision of what areas have 

been looked at in previous energy projects for the UK. Specific extracts from the 

Environmental Statement Non-Technical Summary (NIP, 2018) (Appendix 6), helped 

drawing relevant findings that may provide insights on what new BECCS’s EIAs could 

include, as well as a closer look to relevant information around the location where 

BECCS is planned to be deployed.  

- Most perceived risks covered are short-term or first stages of the 

development.  

- Agricultural and farming land surrounds the location of the plant, and 

extensions for gas pipelines, carbon capture and other activities require using 

such land. 

- Gas pipelines should let agricultural activities continue, although it may impact 

other activities such as planting trees and ploughing.  

- There are 509 Heritage Assets in the 10km ratio around Drax plant location and 

relevant archaeological areas. While major impacts are not concluded in the 

EIA, some heritage assets and archaeological locations may be impacted in 

most stages due to proximity, although more permanent impacts, such as 

ground disturbance for archaeological remains search, could happen and 

prevention is needed.  

- Landscapes are going to be impacted in both short- and long-term. 
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- Soil leaching5 risk is evaluated as intermittent to high. 

- Site is located near a groundwater drinkable source zone. Aims to protect it. 

- At the social-economic level, the assessment focuses on the impact on 

employment, as new job opportunities for the community, and diversion on 

Public Rights of Way.  

- CCS was expected to potentially disrupt one Public Right of Way if applied. 

- Risk of human health at short- and long-term exposure if leakage takes place 

(release of emissions to the atmosphere). Impact on communities living near 

the area, farmers, or Public Right of Way users. 

Based on the EIA for Drax re-power, the location of the site is near agricultural land 

that would need to be changed to meet operational land extensions for other energy 

projects. If instead of gas pipelines, Drax builds a pipeline to transport CO2 to a storage 

location, similar impacts may occur, as well as leakage that may impact people's 

health. Same assumption happens with impacting culturally and historically significant 

locations if construction plans are similar. 

The new BECCS plans 

The UK will see scale-up of BECCS to 2030 according to Drax plans. From 2027 at least 

one biomass unit at Drax will have BECCS technology installed.  

 
5 Soil leaching is when nutrients or toxic pollutants are leached from surface soils due to interactions 

between the soil properties, due to excessive water or physical farming practices, such as usage of 

agrochemicals. Soil leaching can lead to groundwater pollution (Hou et al., 2020). 
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Figure A.2. Key elements of BECCS deployment at Drax in Yorkshire (Drax, 2021a). 

Since Drax already has biomass plants developed, the BECCS technology (post-

combustion capture) is planned to be installed within the site and location, limiting the 

extension of land usage (ibid.). However, the technology of BECCS is only one part of 

the whole supply chain that needs to be considered. Considering transport and 

storage, CO2 will be stored offshore under the seabed, being transported through a 

pipeline to the North Sea. Looking at biomass to generate bioenergy, Drax plants will 

keep receiving biomass from ‘sustainably managed’ forests in the US6 (ibid).  

DCO application for this project is expected to be submitted by 2022, and it has gone 

through a first round of public consultation in March 2021, with a second one taking 

place in Q3 2021. 

As shared in their corporate assets, the EIA is expected to cover environmental and 

socio-economic impacts topics, including landscape and visuals, biodiversity and 

ecosystem impacts, air quality, water usage and quality, noise disturbance, historic 

relevant areas, transport, soil conditions, waste, GHG emissions, health and safety, and 

more (Drax, 2021c). These are only mentioned, and further detail is provided if further 

contact is initiated by the interested stakeholder. Information about costs to UK 

 
6 Drax (2021) claims that their Sustainability policy ensures biomass sources coming from the 

US follow sustainable criteria to ensure forest growth in the US region. 
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customers is limited. Ember (2021) has calculated an estimate of £31.7 billion subsidy 

cost, in an assumed scenario of 25 years subsidies, meaning an approximate of £500 

per person in the UK, £16 a year to each household’s electricity bill. Another study by 

Baringa in 2021 calculated that not having BECCS in net-zero strategies would cost the 

UK £15bn by 2050, equal to £17 a year for each household in the UK. This last study is 

less clear on how those costs are represented. The economic values are estimates and 

assumptions based on current diverse data on costs from bioenergy, electricity 

generation, security of supply, other technologies to meet net zero targets, etc. 

Selby community 

Selby is in the Yorkshire and Humber region, an industrial area known for steelmaking 

and biomass-fired energy plants and with CCUS development potential (BEIS, 2018). 

Selby is under 10km distance (RD, 2021) from Drax Power Station.  In 2019, 13 Selby 

community representatives (locals to Selby and interest groups representatives), were 

interviewed for a study on social legitimacy and BECCS in the UK (Mallet, 2019). 

Interviews presented two scenarios of BECCS development (local vs exported 

biomass), covering multiple topics including awareness of BECCS and Drax operations, 

positioning towards climate change and action. It is important to acknowledge the 

study had limitations in two areas; 1) interviews only covered some stages of BECCS’ 

supply chain, 2) there were no representatives for communities living near the sites. 

While this study is focusing on the social impacts of BECCS and the potential risks in 

the UK, the interviews help to appreciate the level of awareness and understanding of 

such.  The relevant insights collected are:  

- Locals to Selby have little understanding of what BECCS and CCS are, and their 

understanding of Drax is limited as an energy provider. Many people in Selby work for 

Drax. 

- People feel they might want to have their say in BECCS approval, but they need the 

information to participate. More information needs to be available. In the past, 

information has been too complex and exhaustive to understand. 
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- There is an agreement on considering local crops better than BECCS using exported 

crops due to multiple reasons, such as bringing local new opportunities and income 

and reducing emissions and other environmental impacts. 

- Strong concern over the impact on h=the economy. Who pays for biomass? Can 

farmers trust this market? 

- Lack of belief the UK has enough space to deal with tons of energy crops. Concerns 

over land change due to biomass production; will it impact ecosystems? What about 

the other products already being grown here? Will the UK need to import those if the 

same land is used for energy crops? 

- CO2 storage locally is considered a good option. However, there are health concerns 

regards pipeline constructions, potential leakages, and impact on biodiversity. 

- Drax invests money in supporting socially related activities in Selby, from education 

to new buildings. 

- Comparison of BECCS to failure of other energy sources such as nuclear. Will Selby 

experience a similar scenario? 

- Besides support from Drax, technical knowledge may be lack in the town and still 

benefit only a small proportion of the community. New opportunities may be used by 

non-locals. 

There is a lack of understanding on what the impacts of BECCS at multiple levels are, 

which may impact how locals interact with the technology and its development. It 

seems economic-related impacts may be the most relevant for the community. 
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Appendix 7.  

Ethics application form approved by 08/06/2021. ID: CEPREP-2021-05-179.  

 

Part 1 (to be completed by all) 

Section 1: Details of Principal Investigator 

For all projects the Principal Investigator (PI) must be employed by Imperial College 

London or hold an honorary contract. For all student projects, the student’s 

supervisor must be named as PI. Student, co-investigator and collaborator details 

must be added to Section 14. 

1. Name 

(incl. title) 

 

Ms Karen E. Makuch 

2. Position 

(at Imperial College 

London) 

 

Senior Lecturer 

3. Faculty 

 

Natural Sciences 

4. Division/ School/  

Department 
Centre for Environmental Policy 

 

5. Email 

Imperial College email 

k.e.makuch@imperial.ac.uk 

7.   Summary of skills 
(experience relevant to 

the study and in any 

procedures to be used) 

(350 characters max) 

Karen E. Makuch has over 20 years of experience in 

Environmental Law and academia. Her knowledge in 

procedural justice and legitimacy is essential for this 

study. On top of that, she has supervised previous 

MSc research projects on greenhouse gas removal 

(GGR). She has also supervised and published 

projects focused on mapping legislation and 

governance of different environmental technologies, 

including GGR.  

 

 

 

 

 

 

 

ICREC - SETREC APPLICATION FORM 
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Section 2:  

Research 

type 

1. Are you conducting research?  

Yes ☒    No ☐ 

 
2. Are you conducting a service evaluation, audit or public 

involvement? 

Yes ☐    No ☒ 

 
3. Does your study only involve analysis of secondary data 

which is publicly available, and permission is not required to 
access the data? 

Yes ☒    No ☐ 

If you answered no to question 1 and yes to questions 2 or 3, your study does not 
need ethics approval and you will need to complete this form but not the other ethics 
documentation. 

 

Section 3:  

Filter for 

ICREC and 

SETREC 

1. Is the primary aim of the research answering a human 

health related question? 

Yes ☐    No ☒ 

 

2. Is the primary aim of the research answering a non-health 

related science, social science, engineering or technology 

related question? 

Yes ☒    No ☐ 

 

3. Is the primary aim of the research to answer an 

educational question? 

Yes ☐    No ☒ 

If you answered yes to question 3 your ethics application needs to be submitted to the 

Education Ethics Review Process (EERP) using their forms.   

https://www.imperial.ac.uk/research-and-innovation/support-for-staff/education-

ethics/how-to-apply/ 

 

 

https://www.invo.org.uk/find-out-more/what-is-public-involvement-in-research-2/
https://www.invo.org.uk/find-out-more/what-is-public-involvement-in-research-2/
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Section 4:   

Risk level 

categorisation 

 
 
 
 
This section 
determines the 
research risk 
level and if the 
application 
requires full 
committee 
review. 
 

 

 

a) Does the research involve drugs/medication? If yes, please attach the 

SmPc. 

Yes ☐    No ☒ 

 

b) Does the research involve genetically modified materials? If yes, 

please also complete appendix two and attach the GM Safety Committee 

letter. 

Yes ☐    No ☒ 

 

c) Will you be recruiting vulnerable participants? i.e. children (15 years 

or younger), adults (16 years or over) who are unable to consent, 

people in care, the mentally ill or individuals with learning 

difficulties? 

      Yes ☐    No ☒ 

 

d) Will participants take part in the study without their explicit consent? 

i.e. studies involving deception. 

Yes ☐    No ☒ 

 

e) Will you be recruiting prisoners or young offenders? 

Yes ☐    No ☒ 

 

f) Is there any aspect of the proposed research which could potentially 

cause harm to the reputation of the College? i.e. could the research 

be considered controversial or prejudiced? 

Yes ☐    No ☒  

 

g) Could participants disclose any illegal or harmful activity due to the 
nature of the research? 

Yes ☐    No ☒ 

 

h) Will personally sensitive subjects be discussed that have the 

potential to induce stress, anxiety or negative consequences for the 

participant? 

Yes ☐    No ☒ 

 

i) Will the researcher be in a position of influence or authority over the 

participants that could give rise to a perceived pressure to 

participate? i.e. lecturers/teachers and students. 

Yes ☐    No ☒ 

https://www.imperial.ac.uk/media/imperial-college/research-and-innovation/imperial-college-research-ethics-committee/public/ICREC-appendix-2---Genetically-Modified-Materials.pdf
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Section 4: 

Continued 

 

Risk level 

categorisation 

 
 
 
This section 
determines the 
research risk 
level and if the 
application 
requires full 
committee 
review. 

 
 
Meeting dates and 
submission 
deadlines 
ICREC/SETREC. 

j) Does the study involve physically intrusive procedures, 

administration of substances, use of bodily fluids, tissues, DNA or 

RNA? Use of relevant material must be registered with Imperial 

College Tissue Bank under the College HTA license. 

Yes ☐    No ☒ 

 

k) Does the study involve ultrasound or sources of non-ionizing 

radiation? i.e. radiation, MRI, or fMRI. 

Yes ☐    No ☒ 

 

l) Are there any potential conflicts of interest, or what could be 

perceived by an outside observer as conflicts of interest? 

Yes ☐    No ☒ 

 

m) Will undue incentives for participants be offered? Incentives should 

be proportionate to the burden imposed and justified by the benefits. 

Yes ☐    No ☒ 

 

n) Are you using any medical device in the UK that is CE/UKCA 

marked but is being used outside its product limitation? Or are you 

using any non-CE/non-UKCA marked product(s)? 

For more information on regulating medical devices. 

Yes ☐    No ☒ 

 

o) Does the proposed research raise any ethical issues that are not 

covered above? 

Yes ☐    No ☒ 

If you answered YES TO ANY of the questions a) to o), your study is considered high risk 

and you must complete the entire application, parts 2, 3 and 4 of this form.  

If you answered NO TO ALL the questions above, your study is considered low risk. 

Complete parts 2 and 4, skipping part 3. 

 

 

  

https://www.imperial.ac.uk/research-ethics-committee/committees/icrec/
https://www.imperial.ac.uk/research-ethics-committee/committees/setrec/
mailto:tissuebank@imperial.ac.uk
mailto:tissuebank@imperial.ac.uk
https://www.gov.uk/guidance/regulating-medical-devices-from-1-january-2021
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Part 2 (to be completed by all) 
 

Section 5: Project Description 

1. Full title of study 

 

Enhancing procedural justice of greenhouse gas removal 

deployment in the UK 

2. P code or cost code 

and study funder 

(only if applicable to study) 

N/A 

3. Lead organisation 

(who has overall 

responsibility for the study) 

Imperial College London 

4. List of location(s) 

where study will be 

conducted 

The UK. 

 
 
 
 
 
 
 
  

5. Proposed start date 

From start of advertising 

and/or recruitment 

15th June 

6. Proposed end date 

To end of data collection 
8th September 

 

Section 6: Project Summary 

Provide a summary of the project in lay terms: a brief description of reasons for 

doing the study, the aims, how data will be disseminated and any expected benefits 

to the participant, researchers or others. (500 words max) 

 

The UK Government has recently announced the Sixth Carbon Budget which 

will include a new target in law to reduce emissions by 78% by 2035 (UK 

Government, 2021). The Sixth Carbon Budget is aligned with most of the 

recommendations from the UKs-independent Climate Change Committee 

(CCC). The UK aims to reach net-zero by 2050 while achieving the Paris 

Agreement goals.  

 

The CCC policy and technology recommendations include the deployment of 

GGR at a large scale, especially BECCS (CCC, 2020). While the official Sixth 

Report Budget won’t be released until June 2021, experts expect these 

technologies to be included in the climate change mitigation strategy.  

 

Procedural justice is the idea of fairness and justice perception in the legal 

approach of a project through varied mechanisms, usually relying on public 
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participation. Since GGR hasn’t been yet largely scaled-up, researches 

express concern due to lack of governance and regulations, including at a 

social/community level. GGR technologies have environmental and social 

impacts that could negatively influence the community and its own 

deployment. In order to support mindful decision-making, and avoid social 

injustice and disagreement (as other technologies in the UK, such as onshore 

wind turbines), it is of major importance to enhance procedural justice and 

engagement in the development of GGR. Ultimately, a smooth and socially 

just deployment should support the UK to meeting its climate change goals.  

 

For this reason, this project aims to map procedural justice and engagement 

gaps for BECCS deployment in the UK, and to suggest new 

regulations/requirements to fill in the gaps. To do so, looking at another’s 

country BECCS project and its processes could help identify 

suggestions/ideas for UK actors. The case study of Sweden is considered 

relevant for this research since it’s one of the only EU countries with BECCS 

currently running and included in its long-term strategy, and its climate goals 

are also ambitious (85% emissions reductions by 2045). On top of that, the 

study may be able to appreciate if the post-Brexit regulations could positively 

or negatively impact the GGR deployment and social legitimacy. 

 

Building procedural justice into decision-making around technological 
deployment can help to foster social legitimacy and social acceptance of 
technologies to mitigate the impacts of climate change. To do so, it is 
important to find out: 
 

- What are the social impacts of GGR? How might these social impacts 

affect how GGR gets deployed? 

- How are these impacts tackled at a legislative level and are there gaps 

in the legislative framework that could undermine social legitimacy?  

- What recommendations can be made to fill in the gaps? 

 

There are only 2 scenarios where experts participation (interviews) is relevant 

in this study: 

 

1) To help design the case study and support collected secondary data 

(literature review). 

2) To provide feedback on the findings for the UK actors based on the 

case study. 

 

Such involvement from experts should help the study to confirm the quality of 

the data collected and analysis provided, and finely shape the findings. 
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Section 7: Research Methods 

What methods will you be using in this study? Briefly describe in lay terms: what will 

happen, the number of times and any data collection techniques. (500 words max) 

 
This exploratory study has three stages that will take place consecutively in 
order to provide a natural flow of research and findings. Once the initial 
research background is set, the first stage (1) will consist of a systematic 
literature review using public secondary data. This stage will map and find the 
gaps of social legitimacy and engagement for GGR in the UK that will lead the 
rest of the study.  
 
The second stage (2) will collect secondary data to build a case study (in this 
case, Sweden) which will then be critically analysed to suggest 
recommendations to fill in the results from (1). This stage may include a small 
number of interviews to help build the case study. 
 
The third stage (3) will already have the main analysed results of the study. 
However, the project aims to go one step further and present such findings 
(2)(1) to key stakeholders to get their expertise knowledge (UK focus), gather 
further insights, and help shaping the findings.  
 
The methods and further details are listed below: 
 
(1) Systematic literature review 
 
Type of data: secondary. 
Time request: 2-3 weeks. 
Tools to use: Web of Science and other relevant scientific/academic libraries. 
Use of keywords to find the right resources. 
Aim: to map GGR and social legitimacy in the UK and find relevant gaps. 
 
(2) Case study & interview*: 
 
Case study 
 
Type of data: secondary. 
Time request: 1-2 weeks. 
Tools to use: Web of Science and other relevant scientific/academic libraries. 
Use of keywords to find the right resources. 
Aim: to map GGR and social legitimacy in the UK and find relevant gaps. 
 
Interviews 
 
Type of data: primary. 
Time request: 1-2 weeks. 
Tools to use: Teams for the call. In vivo coding will be considered as the 
qualitative analysis tool to use if large amount of data is collected. 
Interviews: 1-2 interviews to actors involved in the BECCS plant in Sweden 
and their climate mitigation strategy. One call per participant expected. 
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Aim: to shape the case study. 
 
(3) Semi-structure interviews: 
 
Type of data: primary. 
Time request: 2-3 weeks. 
Tools to use: Teams for the call. In vivo coding will be considered as the 
qualitative analysis tool to use if large amount of data is collected. 
Interviews: The study will aim to interview at least one representative of key 
GGR actors in the UK, including academia, private organization/corporate, 
NGO, and government. 4 interviews are expected to be held at least. One call 
per participant expected. 
Aim: To present social legitimacy regulation suggestions based on findings 
(1)(2) and to further shape such results based on the opinion and knowledge 
of UK actors. 
 
 

 

Section 8: Participant Recruitment 
Provide details of methods of recruitment, participant inclusion and exclusion criteria 
and the number of participants you are aiming to recruit. Include details of any 
incentives (such as financial reimbursement). (500 words max) 
 
Attach as separate documents (if applicable): 
• Recruitment and advertising material (email, poster, social media advert) 
• Oral information scripts  

 

Number of participants 

This study aims to interview a minimum of 5 participants and a maximum of 

10.  

 

 

 

Details of participants 

• Participant 1: BECCS professional working in Swedish project. (for 

case study review) 

 

• Participant 2: BECCS professional or governance representative in 

Sweden. (for case study review) 

 

• Participant 3: GGR actor or climate mitigation expert in the UK 

representing academia/research. 

 

• Participant 4: GGR actor or climate mitigation expert in the UK 

representing the private sector. 
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• Participant 5: GGR actor or climate mitigation expert in the UK 

representing NGOs. 

 

• Participant 6: GGR actor or climate mitigation expert in the UK 

representing the UK government or relevant governance institution. 

 

• Participant 7: A second GGR actor or climate mitigation expert in the 

UK representing academia/research. 

 

• Participant 8: A second GGR actor or climate mitigation expert in the 

UK representing the private sector. 

 

• Participant 9: A second GGR actor or climate mitigation expert in the 

UK representing NGOs. 

 

• Participant 10: A second GGR actor or climate mitigation expert in the 

UK representing the UK government or relevant governance institution. 

 

Methods of recruitment 

Participant 1&2 (for case study review): Email to potential participants will be 
send. Their contact details are public online. Approach through LinkedIn will 
be considered. 
 

Participant 3-10: Foresight Transitions, GGR research organization in the UK, 

will provide the contact or introduce the participants to the study to get their 

involvement. Dr Mark Workman, director at Foresight Transitions and 

Research Fellow at Imperial College London, is supporting and co-

supervising this study (more details in Section 14). 

 

 

 

Incentives 

No incentives. The only benefit participants get is knowing they are 

supporting a scientific research for a cause they care about. 

 

Section 9: Informed Consent 

Include details of how you will be obtaining consent.  

i. Detail the process for ensuring informed consent of all research participants. 

ii. The withdrawal process(es). 

iii. If vulnerable persons are to be used in the study, give separate specific 

information on how you will ensure consent. 

iv. If participants whose first language is not English are to be recruited, state 

clearly how the details of the study will be explained, and the consent 

processed. 
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i. The first contact with a participant will include a brief introduction to the 

research. Once their interest is shown, the following form will be sent to 

introduce more details of the research and why their participation is 

requested: 

 

- Participant Information Sheet for Non-Healthcare Research. 

 

Once the participant officially confirms their involvement, the following 

form will be sent to get their consent recorded: 

 

- Consent Form for Participants Able to Give Consent (provided by 

Imperial College London). 

 

ii. Every participant will have the right to cancel their involvement, both pre 

and post interview. A confirmation letter by the student researcher will be 

written and signed, including the supervisor signature, to confirm the 

participant involvement is officially terminated.  

 

iii. N/A. 

 

iv. Swedish participants will be contacted in English and are expected to be 
able to communicate in English. In the unlikely case of having participants 
unable to speak English, other participants will be approached. This 
presents no concern at this stage.  

 

 

Section 10:   Ethical Summary 
 

Has any part of this proposal received prior ethics approval?     

Yes ☐    No ☒  

Is this study subject to local ethics approval?     

Yes ☐    No ☒ 

If yes, list all local approvals required. 

 

 

If yes or if rejected, please give details and attach any relevant documents.  

(150 words max) 

 

Provide details of what you consider to be the ethical issues surrounding this project: 

your own physical safety, COVID-19 safety measures, data protection/ confidentiality 
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and how you have addressed this. Include details if you will inform participants of the 

results. If the study is of a sensitive nature include information regarding signposting 

to relevant support groups. 

If you answered yes to any questions in section 3, please provide specific 

information on those ethical issues and how they will be mitigated. Detail any PPI 

undertaken as part of study set up or design. 

(500 words max) 

 

No major issues are expected. However, below are some details surrounding 

potential ethical issues that the study aims to avoid from the start: 

 

Data protection – Even though personal data of participants will be 

anonymised, there is a risk of committing basic human errors when 

communicating with participants. The student researcher shall ensure all 

comms are low-risk by either always contacting one-by-one or ensuring 

emails to multiple participants are using the BCC function in Outlook. 

 

Confidentiality – To avoid organization confidentiality issues, questions to 

participants will always target their opinions based on professional 

experience, never referring to their organization’s interests. This shall be 

made clear since the start to participants. 

 

The participants will be offered to receive the results of the study once the 

thesis project has been submitted. Nevertheless, under the PI’s decision, the 

thesis might not be shared until it has been marked. 

 

Section 11:  

Documentation 
checklist 
 

 

Mark as either Yes/ 

No/ In process 

a. Do Imperial College’ insurers need to be notified about 

your project? 

If your project is running abroad and is not qualitative or 

data only, or if your project is interventional and involves 

pregnant women, children under 5 or more than 5000 

participants you may need additional insurance cover. 

Insurance for studies, email the insurance team with any 

insurance enquiries. 

If yes, please provide confirmation that insurance cover has 

been agreed. 

Yes ☐    No ☒      In process ☐ 

 

b. Has your research project been independently peer 

reviewed? 

This can be organised by the Peer Review Office (within the 

RGIT). If you answered yes to any questions in section 3, 

you may be asked to ensure the study is peer reviewed. 

However, the study does not have to use the RGIT’s office 

for peer review. 

https://www.imperial.ac.uk/joint-research-compliance-office/project-planning/insurance/
mailto:insurance@imperial.ac.uk
mailto:peerreviewoffice@imperial.ac.uk
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Section 12:  

Confidentiality 
and 
management of 
personal and 
other research 
data 

a. I understand it is the responsibility of the researcher to 
ensure all research data is securely stored during and after 
the study in accordance with College Guidelines, Codes of 
Practice, Policies and Procedures.                                                                              

Yes ☒    No ☐ 

 

b. I confirm that all the processing of personal information 
related to the study will be in full compliance with the 
GDPR. Including but not limited to, the creation of all 
necessary documentation (PIS, Data Protection Impact 
Assessments, Consent forms etc.)           

                       

Yes ☒    No ☐ 

 

 

 

Yes ☐    No ☒      In process ☐ 

 

c. Are you developing a mobile app?  

See the mobile app webpage for more information. 

Yes ☐    No ☒      In process ☐ 

 

d. Have you had a Disclosure and Barring Service (DBS) 
check carried out? 
If yes, when (add date). For more information about DBS, 
check government guidance and the College website. 

Yes ☐    No ☒      In process ☐ 

 

e. Do you need a contractual agreement in place? 
For further information, please contact your faculty research 

service. 

Yes ☐    No ☒      In process ☐ 

 

f. Do you have permissions to use the data in your 
study? 
This may be required if you are looking at secondary 

data. 

Yes ☒    No ☐      In process ☐ 

 

g. Has Imperial College’s Risk Assessment procedure 
been followed? 
Contact your departmental administrator for further 
information. 

Yes ☐    No ☒      In process ☐ 

https://www.imperial.ac.uk/students/online-services/mobile/
https://www.gov.uk/government/organisations/disclosure-and-barring-service
https://www.gov.uk/government/organisations/disclosure-and-barring-service
https://www.imperial.ac.uk/human-resources/compliance-and-immigration/dbs/applicant-guidance-/
https://www.imperial.ac.uk/research-and-innovation/support-for-staff/faculty-research-services-teams/
https://www.imperial.ac.uk/research-and-innovation/support-for-staff/faculty-research-services-teams/
https://www.imperial.ac.uk/safety/forms/
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Part 3 (only to be completed if yes was answered to any question in section 

4) 

Part 4 (to be completed by all) 

 

Section 14: Co-investigators/ Collaborators 

If there are more than four co-investigators, please use a separate sheet and follow 

the format below. 

1. Name Lidia Ruiz Velasco 

2. Position 

Incl. organisation, company, 

institution 

Student at Imperial College London 

MSc Environmental Technology 

3. Role in the study 

(what contributions you will 

make and relevant 

experience) 

Student researcher. Main co-investigator. 

4. Email 

Work not personal 
lr420@ic.ac.uk 

  
 

 

Section 15: Co-investigators/ Collaborators 

If there are more than four co-investigators, please use a separate sheet and follow 

the format below. 

5. Name Dr Mark Workman 

6. Position 

Incl. organisation, company, 

institution 

Director at Foresight Transitions 

Research Fellow at Imperial College London 

7. Role in the study 

(what contributions you will 

make and relevant 

experience) 

Collaboration co-supervising. His work in Foresight 

Transitions includes research on GGR. His 

experience will help ensuring the study is going in 

the right direction. He may also provide key 

contacts to be participants in the study (3). Not PI. 

8. Email 

Work not personal 
mark.workman07@imperial.ac.uk 

 

 

 

 

 

 

 

 



 

[97] 

 

Signatures Page - PI Declaration 

I declare that: 

• I undertake to abide by the ethical principles underlying the Declaration of Helsinki 

(1964) and subsequent amendments and good practice guidelines on the proper 

conduct of research. 

• I undertake to abide by the Data Protection Act 2018 and General Data Protection 

Regulation (Europe) and any applicable local laws. 

• I undertake to abide by all local laws and regulations for non-UK research. 

• I will report any adverse or unforeseen events or protocol violations and deviations 

which occur to the Ethics and Research Governance Co-ordinator within 24 hours. 

• I will provide an annual progress report of the project until the end of the study.  

• If I register my study on a public database, i.e. ClinicalTrials.gov, I will report results 

on that database within one year of study completion. 

• I will provide notification of the end or early termination of the research project. 

• I will provide notification of amendment to ICREC/SETREC if there are any 

changes to the research protocol or personnel which affect the ethical aspects of 

the project. 

• I will assist ICREC/SETREC in any continuing review of the project deemed 

necessary by the Committee or Faculty Members. 

• All information on this form is correct. 

 

 

PI Name Ms Karen E. Makuch 

PI Signature  

 

Date 28/05/2021 

If full committee review is required would you be 

willing to attend the ICREC/SETREC meeting to 

answer any questions about your proposal?  

Yes 

 

Any attendance must be by the PI named in section four. Attendance at the 

meeting will give you the opportunity to answer any ethics questions raised by 

the committee. 

Head of Department (please indicate below your decision and the reasons for it) 

Decision  Referral to 

Committee                   

 

Reason  

Signature  

 

Date 

Name  

 

http://www.imperial.ac.uk/media/imperial-college/research-and-innovation/imperial-college-research-ethics-committee/public/ICREC_annual-progress-report_V2.0.doc
https://www.imperial.ac.uk/media/imperial-college/research-and-innovation/imperial-college-research-ethics-committee/public/7.-End-of-Study-Notification.docx
https://www.imperial.ac.uk/media/imperial-college/research-and-innovation/imperial-college-research-ethics-committee/public/5.-Notice-of-Amendment.docx
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