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1. Introduction 
The premise of the work was to investigate if it would be possible and desirable to use waste/residual 
heat from nuclear power stations to heat greenhouses in order to grow more crops in the UK. This 
report includes the main findings and recommendations for further work following this feasibility 
study. We investigated technical aspects of using waste heat from nuclear power generation to heat 
greenhouses, the possible demand for such produce, alongside the potential challenges of 
communicating the benefits of this to the general public. A review of the existing literature and data 
identified potential technical and communicative challenges. Gaps in the literature were also 
identified. Our results will inform a larger funding bid to investigate if and how use of nuclear waste 
heat can reduce the carbon footprint of vegetables and fruits consumed in the UK, whilst providing 
greater food security and other benefits such as choice, nutrition, and flavour. Such future work will 
aim to identify factors, both technical and communicative, that are central to the economic success of 
such a scheme. 
 
1.1. Methodology 
Literature from relevant disciplines (Energy, Horticulture, Science and Risk Communications, Media, 
Journalism, Film, Food Science) was interrogated to gather information and to identify gaps in 
research around the main themes of the research. From the technical side, this comprised sources and 
quantities of vegetables and fruit consumed in the UK, including importing, home grown, field and 
greenhouse growing (current supply and consumption); environmental impacts of growing vegetables 
and fruit (net zero implications); technical requirements of greenhouse growing (technical 
requirements); using waste nuclear heat (technical opportunity). From the communicative side, we 
examined the public perceptions and likely communicative challenges surrounding three pertinent 
issues: nuclear power, food risks and climate change. Novel uses of nuclear power form the heart of 
our proposal, hence examining nuclear power communications scholarship is important. We also 
examined food risks because our proposal to use nuclear power to heat greenhouses to grow food 
may trigger risk-based fears about the safety of food, as observed in past scares about irradiated food 
and unnatural food. Finally, we examined climate change because we reasoned that public 
understanding of climate change, including the need to achieve Net Zero carbon emissions, may well 
influence their attitudes towards the use of waste heat from nuclear power to grow food, to reduce 
carbon emissions. To understand the communicative challenges in each of these three areas, we 
examined scholarship on public attitudes and perceptions, disinformation (deliberately spread 
falsehoods) and misinformation (inadvertently spread falsehoods), and media narratives and 
discourses, focusing particularly on the UK, but also drawing on studies from across the world. A 
pilot survey (n=189) was also carried out on UK adults to provide an indication of current attitudes 
to nuclear power, using residual heat for greenhouse production, irradiated food, climate change and 
Net Zero, and to identify primary sources of information (e.g. expert, family, television, social media, 
etc.) as indicators of potential attitudes to nuclear heated greenhouse produce. 
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2.  A Review of the Technical Challenges 
 
2.1. Abstract 
Meeting the non-native fruits and vegetables demand in the UK has traditionally been both 
energy demanding and fossil fuel heavy due to the use of fossil fuel heated greenhouses or 
through transporting imported produce from abroad. This has been intensified by recent 
increasing demand for greenhouse intensive produce such as avocados. It is currently not viable 
to grow such produce, or any produce that is heat demanding, in the UK over the winter. It is 
proposed to use low grade residual (waste) heat from nuclear power stations to heat 
greenhouses to optimal conditions for the production of fruit and vegetables, providing a more 
sustainable option without a compromise in quality and yield. The utilisation of nuclear residual 
heat, a low carbon heating source, has the potential to reduce air miles, travel time and cost of 
shipping, allowing more affordable, fresher produce for the UK market. It is proposed this 
could be used to increase existing UK greenhouse production along with increasing the range 
of produce available for example from the introduction of novel fruits and vegetables. 
 
List of terms 
Nuclear residual / waste heat – the heat remaining after electricity has been produced by a nuclear 
power plant. This is currently released via the outflow of warm water to the environment and is 
around 35 – 40° C for the most efficient systems (Leffler et al, 2012) 
LCA - life cycle assessment: the process of evaluating the environmental impacts for the life of the 
produce, in this report this is from planting through to the customer purchase. (Other LCA may cease 
at the ‘farm gate’ or at the boundary of a country) 
GWP - global warming potential is measured in carbon dioxide equivalent (CO2-eq), e.g., the 
emissions which have the same global warming impact as a kg of CO2. This comes from LCA.  
Exotics - fruits such as avocados, bananas, melons, and pineapples – it does not include citrus fruits 
SMR – small modular reactor: the term for a new type of nuclear power plant of approximately 1/10 
the physical size of a traditional large-scale plant, for example the Rolls Royce SMR 
NPP - nuclear power plant. 
CHP - combined heat and power: a unit which produces both heat and electricity 
MW – megawatts. A measure of how much energy is being produced at any time. 1	𝑀𝑊 =
1	𝑥	10!	𝑊𝑎𝑡𝑡𝑠	𝑜𝑟	1,000,000	𝑊𝑎𝑡𝑡𝑠 
GW – gigawatts. 1	𝐺𝑊 = 1	𝑥	10"	𝑊𝑎𝑡𝑡𝑠	𝑜𝑟	1,000,000,000	𝑊𝑎𝑡𝑡𝑠 
MWh – megawatt hours: an amount of energy based on the number of megawatts generated or used 
in an hour 
Protected environment – any structure used for growing produce e.g., greenhouse, polytunnel 
 
2.2. Key Findings / Gaps in the Literature 
The UK domestic production of fruit and vegetables is declining and does not meet current demand 
so is compensated heavily by importation. Imports have an environmental impact associated with the 
use of fossil fuels.   
Current UK greenhouse growth is based dominantly on fossil fuel heating systems and is both 
environmentally and economically not viable for the production of out of season or heat intensive 
produce. 
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Importing of fruit and vegetables has an environmental impact associated with fossil fuel for the 
means of transporting the produce from its country of origin to the UK, often by means of a complex 
supply chain to maintain supply during different growing seasons globally. 
There is a significant amount of residual heat from nuclear electricity production which is currently 
released into the atmosphere at a temperature that would be consistent with greenhouse heating 
temperatures (35 – 40°C). By utilising this residual nuclear heat, greenhouse growth in the UK may 
be able to provide a more environmentally conscious way of producing food at a higher yield whilst 
reducing the fossil fuel consumption and utilising a resource that would otherwise be wasted. As an 
example, Sizewell B generates 3425 MW of thermal energy, from which it generates 1198 MW of 
electricity, making it 35% thermally efficient. Therefore 65% of the reactors power, or 2.2 GW of 
thermal energy is available. Making productive use of this residual heat would increase the efficiency 
of nuclear reactors and open up new opportunities. 
There would be an initial environmental impact of setting up greenhouses and heating infrastructure 
which would need accounting for in any economic or environmental impact assessment, which would 
need to take into account the time imperative on achieving Net Zero. Exact models for the UK are 
not available. Literature interrogation and the use of existing and new models is required to provide 
support for planning and implementation. 
There is limited or difficult to access information on current greenhouse production, particularly in 
relation to growing fruit, with information on commercial exotic fruit production unavailable in the 
UK. 
Data on the requirements for producing exotic fruit and vegetables in similar climates to the UK are 
minimal. This is also true of the US (Miernicki, 2020). There is also little information on the economic 
implications of greenhouse growing in the UK over importing, and the interrogation of raw data is 
required to draw any conclusion. 
Additionally, there are few examples in the literature of the use of residual nuclear heat for greenhouse 
heating, likely due to the few current or past examples of this where data may not have been collected 
or been lost over time. Information on any of the alternative environmental commercial heating 
systems is limited, but this is particularly the case for nuclear where mentions in the literature are 
limited to experimental work mainly carried out in the 1970s. Further review of available literature 
and further work to assemble existing data and collect new data from current examples would assist 
in understanding the technical requirements and lessons learned to inform future projects. This 
includes integrating examples from other low carbon heating such as geothermal, or from other waste 
streams, such as industrial residual heat. 
 
2.3. Suggested areas for further research:  
• Review of existing literature and models, to develop new models specific to the UK for the 

capacity of greenhouse heating provided by different nuclear power plant types, including any 
proposed new build (existing large scale, SMR, AMR, large scale new build) 

• Data collection on current and previous examples of nuclear heat for greenhouse growing, 
along with other forms of low carbon heating (e.g., industrial residual heat, geothermal) – 
include information from district heating examples where there are parallels 

• Model inclusion of greenhouses in nuclear powered heat distribution networks (e.g., heat park, 
district heating)  

• Assess potential siting of greenhouses near to existing and planned NPP. 
• Review current UK greenhouse growing practices and output – including crop specific data 
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• Data collection on the economic implications of UK greenhouse growing over importation - 
for the UK and exporting countries 

• Data collection on the environmental implications of UK greenhouse growing over 
importation when using residual nuclear heat for greenhouse heating (and low carbon 
electricity for lighting) 

• Data collection on existing UK exotic fruit production and on growing exotic fruit in the UK 
climate 

• Determine the impact of transportation on the total environmental impact of importing fruit 
and vegetables in comparison to growing these in the UK 

• Investigate consumer buying choices in relation to climate change, environmental impacts of 
import and home grown produce, and changes to more plant-based diets 

• Investigate the impact of ‘shocks’ to edible horticulture, including establishing a timeframe 
for these impacts e.g., immediate, seasonal, annual, long term, irreversible 

• Determine a method to assess the environmental impact of a greenhouse and other 
infrastructure over a timescale compatible with current net zero targets 

• Determine through the above the technical, economic, and environmental viability of using 
nuclear residual heat to heat greenhouses in the UK 

• Investigate the form, method, scope, and requirements of an intermediary body capable of 
brokering and facilitating discussion and collaboration between nuclear heat suppliers and 
greenhouse producers, as recommended in the literature. 

 
2.4. Methodology/Approach 
When specific crops in the UK are assessed for their overall environmental impacts, potatoes have 
the greatest effect as they comprise 56% of vegetables consumed in the UK (Frankowska et al., 2019). 
However, potatoes have been excluded from this review due to the high domestic field production 
which supplies 94% of all potatoes consumed in the UK (DEFRA, 2021). Additionally, carrots are 
the UK’s second most popular vegetable (794.5 thousand tonnes annually) however they were also 
excluded, again due to large UK field production of 96% of UK consumption (DEFRA, 2021).  
Data was sourced from the UK and Dutch government (DEFRA, 2021, CBS, 2020), with additional 
data from the literature. There were difficulties in using government data due to the grouping of 
certain species, for example ‘citrus fruits’, making it difficult to compare data between governments 
or with the information drawn from the literature. Additionally, no literature was available to identify 
the fruit currently grown in greenhouses in the UK and the vegetable data only included the top five 
produce, so estimates of greenhouse production in the UK maybe understated. 
For clarification, throughout this report tomatoes are classified as vegetables as is the case under 
common usage and within the government data, although tomatoes are botanically defined as fruits. 
Similarly, mushrooms have also been referred to as vegetables although they are a fungus, in line 
with common usage and government data. 
Consumption in the UK is extrapolated from imports and domestic production minus exports however 
does not take into account waste, with 6 to 7% of crops produced wasted during the growing, 
harvesting and storing phase on the farm (DEFRA, 2021). Beyond the farm gate, the majority of food 
waste is in the home, which represents 70% of the total wastage following produce leaving the farm 
(DEFRA, 2021). During the Covid-19 pandemic, food wastage reduced as households better managed 
their food supply, however this has returned to pre-pandemic levels following the relaxation of 
lockdown and other restrictions (DEFRA, 2021). 
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Data from the UK’s Department for Environment, Food and Rural Affairs (DEFRA) shows the 
popularity of fruit and vegetables in the UK, providing data on trends over time of imports and 
domestic production. The top ten most popular fruit and vegetables indicated by this data were 
selected for analysis as the quantity required to meet demand in most cases will generate the largest 
impact. Difficulties with analysing data for this purpose include the labelling of produce, groupings 
not allowing identification of species-specific data, along with the use of common name which may 
describe two or more different species, and some branching titles such as citrus fruits covering a wide 
range of produce. Some of the data is unavailable for certain years and the appurtenance of labels in 
some circumstances e.g., cider apples, can make comparisons difficult. 
To determine environmental impacts, data was extracted from a number of existing life cycle 
assessments (LCA) as part of this study. There are issues in comparison leading to large ranges in 
data as different sources use different boundaries and there are different reasons why the data has 
been collected. The accurate assessment of the impact of transporting produce varies greatly 
depending on the country of origin and the destination, with some LCAs opting to exclude transport 
from their assessment due to this. LCAs have been prioritised according to the countries assessed in 
this report, the UK and Netherlands, unless information was unavailable. It should be borne in mind 
that the environmental impact of certain fruit and vegetables will vary from country of origin. 
Additionally, different LCAs have different cut off points for data collection e.g., to port, supermarket 
shelf or consumers’ plate. To lessen the impact of these factors where possible multiple LCAs have 
been used, creating a range of data for interpretation. In an assessment of the environmental impact 
comparison between growing fruit and vegetables in the UK and importing these from abroad, the 
absence of the transportation data may impact upon any final analysis. This is an area which requires 
further investigation, to determine the most likely impact, averaged over the year due to the different 
growing seasons across the globe and therefore likely place of origin of each of the crops under 
consideration. 
Four crops were identified as having potential to be grown in the UK using residual heat from nuclear 
power stations in increasing quantities as opposed to importation; tomatoes, cucumbers, peppers and 
lettuce, all of which are currently grown in greenhouses in the UK at low level (DEFRA, 2021). 
Asparagus was also considered as having potential due to the disproportionate environmental impact 
of its growth and transportation. Two potential novel UK crops (exotic to UK) were identified for 
further analysis; bananas, and avocados. Selection was based on the quantity of imports, recent 
increases in popularity and potential environmental savings.  
This report investigates the case for increased UK production through the use of residual nuclear heat 
to heat greenhouses to reduce the environmental impact of fresh fruit and vegetable consumption in 
the UK, focusing on the most promising crops in terms of feasibility and potential improvement on 
environmental impact. Although there are also benefits of using nuclear generated low-carbon 
electricity for lighting, this is not included within the scope of this particular study. 
 
2.5. Vegetable and Fruit Consumption, Growth, and Importation in the UK 
 
2.5.1. Consumption 
The consumption of fresh fruit and vegetables is a key component of a healthy diet, providing 
essential nutrition, reducing diseases such as cancer and cardiovascular disease, and improving 
mental health (Clarke and Moran, 1995, Ocean et al, 2019, Oyebode et al, 2014). In the UK it is 
recommended that at least five portions of fruit and vegetables should be consumed daily, as per the 
advice of the World Health Organisation (WHO), which is equivalent to 400 g of fruit and vegetables, 
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to receive these health benefits (NHS, 2018).  In 2014 a survey found that 7 portions of fruit and 
vegetables reduces the risk of mortality from heart disease or cancer, with the more fruit and 
vegetables a person eats, the less likelihood they will die at any particular age (BBC, 2014). On 
average, adults (19-64 years of age) in the UK consume 4.3 portions of fruit and vegetables daily, 
with 33% of this age group consuming the recommended 5 portions per day (Public Health England, 
2020). This is slightly higher in the 65 – 74 age group at 4.5 portions average and 40% eating 5 
portions per day, reducing to 3.9 portions daily average with only 27% consuming 5 per day in the 
over 75s (Public Health England, 2020). 
Based on these figures, an average adult should purchase and consume a minimum of 2.8 kg of fruit 
and vegetables a week, but on average only consumes 2.4. kg per week. There are approximately 32.5 
million adults between the ages of 19 and 64 in the UK (Statista, 2022). If all were to increase to the 
recommended 5 per day, this would increase fruit and vegetable consumption by 13 thousand tonnes 
per week. Increased consumption can be encouraged by lower prices of fresh produce, and it is 
recommended that to increase the UK’s consumption of fruit and vegetables by 10% prices need to 
decline by 13% for fruit and 21% for vegetables (Dogbe and Revordo-Giha, 2021). This reduction in 
price is particularly relevant for those living in deprived areas in the UK (Hawkesworth et al, 2017). 
It may be that with the recent increases in the cost of living and increasing inflation, that food prices 
become more important in stimulating fruit and vegetable purchases and the percentage drops may 
change. Fruit is the more valuable crop compared to vegetables (Defra, 2021) and with the low margin 
on agriculture (DEFRA, 2021) the reduction in fruit costs may be more easily attainable. Fruit and 
vegetables provide 17% of net income for farms whilst using only 2% of agricultural land (DEFRA, 
2021), making the introduction of more greenhouses potentially a more profitable use of land than 
other crops or grazing. 
In the average diet the dominant fruit is bananas (26%), followed by citrus fruits (15%) and apples 
(14%) (Figure 1a) and the most consumed vegetables (excluding potatoes) are primarily carrots 
(19%), tomatoes (11%) and lettuce (8%) (Figure 1b). Easy to grow and/or harvest produce such as 
potatoes and carrots are more suited to the UK’s climate (DEFRA, 2021), and these are also the UK’s 
most popular vegetables (Figure 1). 
As the consumption of fruit and vegetables increases so do the environmental impacts, and the shift 
to a healthier diet has a higher environmental impact (Dogbe and Revordo-Giha, 2021). The impacts 
on soil health, biodiversity and water use are all themes in new UK environmental land management 
schemes to reduce the environmental impact of farming and ensure a sustainable future. 
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Figure 1: The UKs annual consumption of a. fruits and b. vegetables (data from DEFRA, 2021) 
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2.5.2. Domestic Production 
From the 1930s to the 1970s government policies in the UK regarding agriculture were aimed at 
securing food production and access following the Second World War. Policies such as the 
Agricultural Act of 1947, where the focus was on the agriculture industry becoming stable and 
sustainable, with prices which supported the industry in providing reasonable wages and returns on 
investments (Bowers,1985). The war had benefited UK agriculture by increasing crop sizes due to 
the need to increase output to fill the gap left by the difficulties in importing food. Between 1939 and 
1942 agricultural output increased by two thirds, with net income increasing threefold due to 
increased prices, which doubled between 1939 and 1946 (Bowers, 1985). There were fixed prices for 
goods, supported by the government, if the market dropped below the agreed amount. However, it 
was the increase in livestock and the production of feed for these animals that was the focus of the 
policy, rather than fruit and vegetables. 
From the 1970s government policy became more related to the increasing incidence of diet related 
non-communicable diseases, such as those caused by obesity and an ‘unhealthy’ diet (Watson, Draper 
and Willis, 2021). ‘Health of the Nation’ in 1996 was the first formal health policy, followed by a 
series of reports and plans to reduce health issues related to diet. In March 2003 the 5-a-day campaign 
was launched. Interestingly for any investigation of the effects of policy on fruit and vegetable 
imports, March is the month which, according to the Vegetarian Society, has the lowest numbers of 
UK seasonal fruits and vegetables available at any point in the year, with only 13 as opposed to 50 in 
September, the traditional harvest time (Vegetarian Society, 2021). In 2009 the Change4Life initiative 
was launched, again aiming to increase the consumption of vegetables and fruit in UK diets. This 
campaign was launched in January, possibly to coincide with New Year’s resolutions, but again at a 
time with low numbers of seasonal vegetables and fruit available, only 23 according to the Vegetarian 
Society (Vegetarian Society, 2021). The impact of the timing of these campaigns may be suited to a 
closer investigation to determine if they had a lasting impact on the levels of imported fruit and 
vegetables, but no literature regarding this was discovered. 
After the drive to increase production post WWII, which finished in the mid 1980s, there began a 
gradual decline in the production of vegetables in the UK, (Angus et al, 2009, Scrase and Sheate, 
2005). Figure 2 shows the decline in UK vegetable production between 1988-2020. Fruit production 
remains low and has shown a recent decrease over five years (Garnett, 2006, DEFRA, 2021). Other 
policies have been introduced since the 1990s aimed at improving the UK’s competitiveness and 
environmental credentials (Angus et al, 2009) however these do not appear to have caused an increase 
in domestic production of vegetables. In January 2021 the UK government introduced an agricultural 
policy aimed at improving the environment and carbon emissions from farming with grants for 
reducing farming costs and improving sustainability, however, this does not include any element to 
increase edible horticulture (fruit and vegetables grown in protected environments) in the UK. 
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Figure 2: Domestic UK production of fresh vegetables as a percentage of consumption (UK Food 
Security Report 2021, DEFRA) 
 
The UK is currently 75% self-sufficient in crops that can be grown in the UK, which includes 54% 
of vegetables (including potatoes) and 16% of fruits (DEFRA, 2021). The land available for crop 
growth, environmental considerations such as soil health and water supply, and inputs such as labour, 
fertiliser and pest controls, are instrumental in determining how much produce can be grown in the 
UK, and climate change will have adverse effects on the amount of suitable arable land in the long 
term, along with the impact of climate change producing unusual weather patterns which reduce yield 
and are likely to increase over time (DEFRA, 2021). In the UK, consumer diet choices include many 
products that can not be grown in the UK or which can not be grown here year round, necessitating 
imports to meet consumer demand. Market forces determine the relative costs of UK grown and 
imported crops, and therefore the supply of each. Any increase in greenhouse growing must include 
an assessment of the economic viability if this produce is to compete with imports.  Consumers are 
becoming more aware of the environmental impact of their food, as can be seen by the increase in the 
adoption of plant-based diets, which not only will lead to the increased requirement for fruit and 
vegetables overall, but which may make consumers more likely to purchase locally grown products. 
Exotic fruits, such as bananas, melons, and oranges, are the preferred fruits in the UK (Figure 3), but 
require specialist conditions and large amounts of space, and cannot with ease be grown in the UK. 
Hence the percentage imported to the UK far outweighs the amount grown domestically.  
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Figure 2: The UK's top ten fruit and vegetables by weight and the source for a. fruit and b. vegetables 
(excluding potatoes) 
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Agriculture is a labour-intensive industry and requires a large number of seasonal workers at harvest 
times. Produce which involves hand picking, especially fruits as they are man be easily damaged by 
machinery, are often labour intensive. The exit of the UK from the European Union led to the 
Seasonal Workers Pilot in 2019 to maintain the level of those coming from the EU to the UK 
following the end of freedom of movement in 2021. The UK population is often unwilling or unable 
to complete horticultural work, with 99% of the UK’s horticultural work force coming from EU 
countries (Edmondson et al, 2019). The UK instigated a Pick for Britain Campaign during the Covid-
19 pandemic where furloughed workers could harvest food without losing their furlough payments. 
However, experienced seasonal workers were able to get to the UK and this scheme had limited 
uptake. Harvesting is physically demanding, and a skilled picker can pick 3 times faster than a novice 
meaning that farmers preferred the experienced EU pickers over inexperienced UK pickers 
(Aljazeera, 2020). The impact of the pandemic on harvests was not as severe as anticipated, and a 
scheme to allow seasonal workers to work in the UK post Brexit appears to have mitigated any effects. 
The make-up of seasonal fruit and vegetable workers in 2021 included 67% Ukrainian nationals and 
8% Russian nationals (Financial Times, 2022). The invasion of Ukraine by Russia has already had 
impacts on the supply of seasonal harvesting workers due to difficulty in getting visas, war casualties 
and those now involved in the defence of Ukraine (Financial Times, 2022). However, workers from 
other locations are being recruited (Financial Times, 2022) and in general, it would appear that the 
supply of agricultural labour is quite resilient to such shocks, though the effects of more recent 
disruptions are still to be seen in the official data. 
Other recent potential shocks to agriculture include the increase in the price of gas, which is both a 
feedstock and a fuel for fertiliser production, reducing UK production alongside the cessation of 
fertiliser exports from Ukraine due to the invasion. Combined heat and power units for commercial 
greenhouses are often gas powered and therefore production costs can reasonably be expected to 
increase, with a knock-on effect. In general inflation is increasing, with the Consumer Price Index 
rising by 6.2% over the 12 months to March (ONS, 2022). There has been an increase in the cost of 
fuel due to high oil prices, which will have a knock-on effect on the cost of using farm machinery 
and in food transportation. Even though the UK is 75% sufficient in the food it produces, the effect 
of reductions in Ukrainian exports of grain may have a knock-on effect on UK food security. Global 
shortages mean that prices increase if there is no state intervention. 
It is therefore not a simple matter to forecast the impact of any policy or shock on food security, and 
possibly ‘common sense’ schemes, such as the ‘Pick for Britain’ may be better replaced by a review 
of previous impacts to better inform future policy and schemes. 
Despite the UKs overall decline in home cultivated fresh produce (Figure 4) the production of fruit 
and vegetables in urban areas by individuals and small businesses is growing globally. This growth 
is likely due to the belief that this is a more sustainable way of producing food compared to larger 
agricultural practices, however the evidence to support this is minimal (Edmondson et al, 2019). 
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Figure 4: Trend over time of the quantity of vegetables a) produced in greenhouses in the UK and b) 
imported into the UK (data from DEFRA 2021) 
 
2.5.3. Traditional and exotic crops in protected environments.  
The UK currently grows five main crops in protected environments according to government data, 
with a combined total of 251.2 thousand tonnes (Table 1) which equates to 6% of the total annual 
vegetables consumed in the UK (DEFRA, 2021). 
 
 
 
 
 
 
 

0.0

500.0

1,000.0

1,500.0

2,000.0

2,500.0

1988
1989

1990
1991

1992
1993

1994
1995

1996
1997

1998
1999

2000
2001

2002
2003

2004
2005

2006
2007

2008
2009

2010
2011

2012
2013

2014
2015

2016
2017

2018
2019

2020

Q
ua

nt
at

y 
(T

T)
a.

b.

0

50

100

150

200

250

300

350

400

450

1988
1989

1990
1991

1992
1993

1994
1995

1996
1997

1998
1999

2000
2001

2002
2003

2004
2005

2006
2007

2008
2009

2010
2011

2012
2013

2014
2015

2016
2017

2018
2019

2020

Qu
an

ta
ty

 (T
T)

Q
ua

nt
ity

 (T
ho

us
an

d 
to

nn
es

) 

2020  
    2015  
     2010  
    2005  
    2000  

    1995  
    1990  
 1988  
 

450 

400 

350 

300 

250 

200 

150 

100 

50 

0 

2500 

2000 

1500 

1000 

500 

0 

Q
ua

nt
ity

 (T
ho

us
an

d 
to

nn
es

) 

2020 
    2015 
     2010 
    2005 
    2000 

    1995 
    1990 
 1988 
 



 13 

Table.1 The UKs main five vegetables in the UK showing quantity of total grown in protected 
environments in 2020 (DEFRA, 2021) 
 
Produce Protected 

environment 
(thousand 
tonnes) 

Total in UK 
(thousand 
tonnes) 

Percentage 
grown in 
protected 
environment (%) 

Tomatoes  65.2 441.3 14.7 
Cucumbers 58.4 250.8 23.3 
Lettuce 14.7 346.4 4.2 
Mushrooms 92.9 195.8 47.4 
Sweet Peppers 20.0 237.6 8.4 

 
 
Tomatoes in the UK are grown in both field (85.3%) and heated greenhouses (14.7%). Tomatoes are 
the largest of the crops grown in greenhouses with 65.2 thousand tonnes produced in the UK annually 
(Table 1). The UK growing season for tomatoes is from March to October (Webb et al, 2013) and 
tomatoes are imported from countries such as Spain to fulfil demand, including outside of the UK 
growing season. Although the UK growing season could be extended, the requirement for additional 
heat and light makes growing tomatoes and other crops in greenhouses in the winter unfeasible 
currently in the UK. It is not currently economically viable to produce large quantities of fruit in the 
UK from autumn to spring (Webb et al, 2013). 
In contrast, 75% of domestically grown strawberries are grown in protected environments (Webb et 
al, 2013). The main exporter of strawberries to the UK is Spain and despite soft fruit being vulnerable 
to damage in transit, only 5% is rejected at the border (Webb et al, 2013). Strawberries are marketed 
from April to November, as this is the peak of demand, especially during the annual Wimbledon 
fortnight in June-July. 
Exotic fruits have been grown domestically in the UK for a number of years, for example kiwis from 
as early as 1909. On UK allotments fruits such as kiwis, pineapple, papaya, watermelons and bananas 
have been cultivated (Kell et al, 2018). However, using current technology, it is not economically 
viable to cultivate exotic produce commercially due to costs incurred by higher heating requirements. 
This is where imports currently play a vital role to meet demand and keep prices down (Figure 4).  
 
2.5.4. Imports 
The import of fresh produce to the UK has been gradually rising since the 1988 (Figures 4 and 5), 
with vegetable imports increasing by 70% to 2020 (Figure 4), allowing increased availability and 
diversity of fresh produce, for the consumer particularly with increases in the import of exotic produce 
(Zurek et al, 2020) which grew by 204% between 1988-2020 to 1657 thousand tonnes. Exotic produce 
includes bananas which increased by 166%, avocados by 839% and pineapples by 503% during this 
period (DEFRA data) with bananas having the largest quantity, 1033 thousand tonnes in 2020. This 
was also the case with out of season products such as soft fruit (strawberries and raspberries) where 
imports over the same period grew by 465% to 151 thousand tonnes (DEFRA data). The UK 
dominantly imports produce which currently are not grown in the UK on a large scale (Figure 3) or 
are out of season (Zurek et al, 2020).  
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Vegetables imports in 2020 totalled 2179 thousand tonnes which was an increase of 573%, from the 
1988 level with the largest increase in imports being in sweetcorn, garlic, beans, lettuce, sweet 
peppers, and asparagus. The import of produce currently grown in greenhouses in the UK such as 
tomatoes, cucumbers, sweet peppers, and lettuce increased by 67%, 313%, 742% and 807% 
respectively, with a combined total increase of 694 thousand tonnes. 
This increase in imports appears to be due to the real gross domestic production and the relative price 
of imports. Imports are said to be both income elastic and price inelastic (Mwebaze et al, 2010), likely 
due to demand being driven by consumer preferences and healthy lifestyle choices. In the 1990s there 
was a change in attitudes away from quantity and price towards quality and convenience along with 
healthier foods (Berrett et al, 1998, Dolan and Humphreys, 2000, Garnett, 2007) with increasing 
interest in exotic fruits and vegetables (Kell et al, 2018) for taste and variety. The UK Food Safety 
Act of 1990 assured due diligence, traceability, and quality assurance of produce (Dinham, 2003, 
Dolan and Humphreys, 2000). The 1990s saw a shift away from wholesale markets to supermarkets, 
with the top four, Tesco, Asda, Sainsbury, and Safeway, dominating the market for the sale of fresh 
vegetables with a 75% share (Dinham, 2003, Dolan and Humphreys, 2000). This increasing 
preference for convenience led to the rise in imports as it allowed the year-round supply of produce 
to supermarkets not just seasonal (Berrett et al, 1998, Dolan and Humphreys, 2001). For example, 
since the UK’s growing season for tomatoes is March to October imports from Spain take over supply 
in November and finish in June (Webb et al, 2013) allowing for year-round availability to consumers. 
The overall shift in attitudes coincided with an increase in imports, illustrated by the increase in the 
value of sub-Sahara Africa exports by 150% between 1989 to 1997 (Dolan and Humphrey, 2000).  
In 2012 there was a large sudden increase in the importation of apples (Figure 5) and pears for alcohol 
production, from 1 thousand tonnes in 2011 to 942 thousand tonnes in 2012 (DEFRA, 2021). This 
coincided with a decrease of 43 thousand tonnes in domestically produced apples and pears in 2012, 
and was likely caused by some short term production issue as the following year there was a large 
increase in domestic production. The total fruit imported for the purpose of alcohol production in 
2014 was 297.2 thousand tonnes (DEFRA, 2021). The sudden increase in 2012 could be due to a 
combination of factors such a change in terminology or an increase in demand due to the 2012 
Olympics. 
The biggest importers to the UK of vegetables are Spain (33% of imports) and the Netherlands (25%), 
and for fruit are Spain (25%) and South Africa (15%) (GovH, 2022). Imports from Spain include 
salad, cauliflowers, and broccoli (Hess and Sutcliffe, 2018). Imports from countries such as 
Cameroon, Kenya, Egypt, Morocco, Ghana, and Turkey show general trends of increased export to 
the UK market with Cameroon to UK exports increasing the most (Mwebaze et al, 2010), including 
fresh fruit, green beans, beans, onions and tomatoes (Hess and Sutcliffe, 2018, Zurek et al, 2020).  A 
report in 2020 (DEFRA, 2021, 2020) identified the key imported vegetables were tomatoes, onions, 
and lettuce and that the key imported fruits were bananas, grapes, and other soft fruit (Figure 3). 
 



 15 

 
 
 

 

  
 
 
 
Figure 5. Trends over time of the quantity and value of fruits a. produced in the UK b. imported into 
the UK). Data sourced from DEFRA (2021) 
 
As illustrated earlier, this rise in imports of produce from abroad is reflected in the reduced production 
of vegetables from UK greenhouses which is at a five year low as of 2020 with a decrease in 
production of 40 thousand tonnes since 2015 (Figure 4) (DEFRA, 2021). The fall in domestic 
production is believed to be compensated by imports dominantly from Spain and the Netherlands 
(Hess and Sutcliffe, 2018). 
The relationship between imports and domestic production is one of a decline in production and a 
rise in imports to meet the demands of a growing population more focused on healthier diets (Figures 
2,3,5). Overall, there has been a 31% fall in the quantity of domestically cultivated produce from 
greenhouses since 1988 (Figure 4) coupled with an increase of 219% in imports of vegetables over a 
period 1988-2020 years (Figure 5). This trend is likely due to the prohibitive cost of growing 
vegetables in the UK which are better suited to warmer climates, and with imports rising to meet 
demand. Yet the Netherlands has a similar climate to the UK and produces many of the tomatoes 
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imported into the UK, due to their expertise in protected environment production (see 2.6.1 The 
Netherlands Model). The most imported produce into the UK is tomatoes (Figure 3), with a steady 
percentage increase in imports of 67% since 1988 compared to UK greenhouse growing which has 
declined by 38% during the same period (DEFRA, 2021). The home-produced market for tomatoes 
has only grown by 19.8 thousand tonnes compared to a growth of 343.4 thousand tonnes in the import 
market (DEFRA, 2021). 
 
2.5.5. Environmental Impacts of imports 
The food sector is a major contributor to global greenhouse gas emissions, with greenhouse gases 
arising from the production, distribution, and consumption of food and residual disposal. The 
production and supply of food in the UK accounts for 19-30% of greenhouse gas emissions (Garnett, 
2008, Kulak et al, 2013), with the trend in consumer market for more greenhouse gas intensive 
vegetables and fruits (Garnett, 2006).  
The most intensive greenhouse gas emitting stages of food production are transportation and 
refrigeration (Garnett, 2006). Transportation of fruits and vegetables produces between 10 and 1,580 
gCO2/tonne/ km depending on mode of transport (Table 2), with the mode of transport being as 
important as the miles travelled (Coley et al, 2011).  For produce that is imported from outside of 
Europe via airfreight the emissions impact is five times greater than UK grown vegetables 
(Frankowska et al., 2019). Although air-freighted produce accounts for only 1.5% of imported fruit 
and vegetables to the UK, air-freighting produces half of the total emissions from fruit and vegetable 
transportation (Garnett, 2006). Despite this, there is little effort currently to tackle this problem, with 
the air freighted sector growing by 6% per year (Garnett, 2006, Hayes, 2007). 
Refrigeration is a large contributor to greenhouse gas emissions (Garnett, 2006), with the 
transportation of fruits often occurring in refrigerated containers (Barrett et al, 1998). Refrigerated 
transportation allowed for easier transport of fresh produce. It is estimated that in the UK this accounts 
for 3 to 3.5% of greenhouse gas emissions arising from providing fruit and vegetables and is found 
at most stages of the supply chain (Garnett, 2007). Often the stated carbon production figures for 
transport does not take into account the carbon produced from this refrigeration which can add an 
additional 10 to 50% to emissions (Webb et al, 2013).  
 
Table. 2 The estimated range for carbon production for different methods of transporting fruit and 
veg per tonne per kilometer (AEA technology, 2005, Coley et al, 2011, Webb et al, 2013) 
 
Transport method gCO2/t/km  
Road 80-250 
Rail 20-120 
Ship 10-70 
Air 575-1,580 

 
Other environmental hazards associated with importation from outside of the UK include the 
introduction of non-native species and pesticide use. Growers in developing countries, which may be 
exporters to the UK, may have minimal training or knowledge on the hazards of pesticide use, and 
often use more than are permitted in the UK or mix chemicals (Dinham, 2003).  
Importing produce carries the risk of introducing non-native species, such as plant pests e.g., 
leafminers (Liriomyza) and thrips (Thysanoptera), due to close proximity of produce, as produce is 
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often packed very tightly together, increasing the likelihood of pest transmission. This risk increases 
linearly as import volume rises (Mwebaze et al, 2010). Both Ghana and Kenya are identified as high-
risk pathways for imports due to high pest detection (Mwebaze et al, 2010) and exporting produce 
such as green beans, avocados, chillies, mangoes, and okra (Barrrett et al, 1998). 
Of the water required for production of imported fresh fruit and vegetables consumed in the UK, 76% 
is supplied by the country in which the produce is grown, during the growing process (Hess and 
Sutcliffe, 2018). Often these imports are from areas that are considered to be water scarce (Spain, 
Egypt, South Africa), and the water scarcity footprint in these areas has increased over a twenty-year 
period, particularly in the fruit sector (Hess and Sutcliffe, 2018, Zurek et al, 2020), with further 
disruption to water supplies expected due to climate change. The blue water (from rivers and streams 
as opposed to collected rainwater) consumption for domestic production is >51 l/kg in Spain, higher 
than in the UK, as is the case from other exporting countries except for the Netherlands where water 
demand is much lower than the UK at 12.3 l/kg (Hess and Sutcliffe, 2018). Food production is greatly 
dependent on areas vulnerable to climate change, with 32% of the UK’s supply originating in 
countries with a high to intermediate vulnerability to climate change (Scheelbeek et al, 2020). This 
could affect future supply and threaten the UK’s food security.  
 
2.5.6. Environmental impacts of UK’s most popular crops  
The largest contributors to the environmental impact of the UK’s top ten consumed fruits are the 
transport and growth stages (Frankowska et al, 2019). Avocados have the highest average global 
warming potential (GWP) at 1.85 kg CO2-eq per kilogram (Figure 6). As a general rule, the hardier 
field grown vegetables such as tubers, root vegetables and brassicas along with fruit such as apples 
have the lowest greenhouse gas emission and impacts when compared to more fragile produce and 
those grown in greenhouses such as salads, avocados, berries, tomatoes and cucumbers. Citrus fruits 
have low greenhouse gas emissions, however they rely on irrigation resulting in a higher GWP due 
to the conversion of all environmental impacts to a value related to their potential to add to global 
warming (Figure 6) (Garnett, 2006). 
 
 

 
Figure 6: The estimated GWP average form LCA of top ten fruit produce consumed in the UK in 
order of popularity (adapted from data sourced from LCA Clune et al, 2017, Frankowska et al, 2019) 
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However, when the total environmental impact is evaluated including impacts such as eutrophication 
(process of enrichment of a body of water with minerals and nutrients with harmful side effects such 
as algae growth), ecotoxicity and ozone depletion, the top three fruits consumed in the UK (Figure 
6), bananas, apples and oranges, are responsible for more than half of the impacts at the national level 
due to making up 64% of the total fruit consumed in the UK (Frankowska et al., 2019B). This equates 
to a combined import total of 1636 thousand tonnes (Figure 6). 
 
2.6. The use of greenhouses 
Greenhouse growing permits year-round cultivation by allowing optimal growing conditions and the 
protection of crops from extreme and unpredictable climate conditions. In Europe the use of protected 
environments has grown by 4.5% from 2005 to 2013 (European Commission, 2019). Studies have 
shown that crop yield and quality of produce is improved via the use of greenhouses as microclimates 
and irrigation are more easily managed for species specific requirements (Aghili et al, 2012).  
 
2.6.1. The Netherlands Model 
The Netherlands use greenhouses extensively and has a similar climate to the UK. They are global 
leaders in horticultural technical advancements, with 90% of greenhouses throughout the globe 
having a Dutch origin, with the Netherlands having over 90 km2 of greenhouses itself 
(Netherlandsandyou.nl, 2020). The Netherlands is the second biggest exporter of agricultural 
products after the US, with the sector valued at €65 billion annually, accounting for 17.5% of all 
exports from the Netherlands (CBS, 2022). Germany is their largest market accounting for 10% of 
the Dutch economy and employment. 
Through the implementation of policies and technology the Netherlands is a forerunner in greenhouse 
production, producing dominantly vegetables, and flowers, for example sweet peppers and roses. As 
of 2021 the Netherlands had 1,178,132 m2 of fruit in greenhouses and 58,179,482 m2 of vegetables 
(CBS, 2022) producing a total of 1923.4 million kg of vegetables in greenhouses as of 2020 (Figure 
7) (CBS, 2022B). Examples of other produce include lettuce and bananas (Marcelis et al, 2007, 
Segura-Mena et al, 2021). 
Comparatively in 2015 the UK had an area of 8,610,000 m2 of vegetables in protected environments 
producing a total of 313,959 kg of vegetables with missing data for more recent years and no data on 
fruit in greenhouses (DEFRA, 2021). Greenhouses in the Netherlands are able to harvest produce 25-
33 weeks of the year (Tittarelli et al., 2017) compared to the UK harvest season which is 
approximately 8-12 weeks, though this can vary greatly depending on the crop. 
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Figure 7:  Top 10 vegetables produced in the Netherlands in greenhouses (CBS, 2022B) 
 
The Dutch government has a target to reduce both energy and gas consumption in greenhouses. In 
2014 greenhouse growing accounted for 7.2% of the energy consumption of the Netherlands with 
60% of the energy coming from natural gas (Chul-sang Lee et al., 2019, Zhou et al, 2021). In 2020 
new policies came into place where all new greenhouses must be climate neutral and not produce any 
carbon monoxide. It is proposed that this can be achieved through a variety of methods such as the 
use of solar energy, geothermal, biofuels and the generation and use of more sustainable electricity, 
along with implementing light saving measures and using more energy efficient growth strategies, 
with many growers using cogeneration. The Netherlands is also a leader in energy efficiency in 
greenhouse production through methods such as design, cladding, construction, and insulation 
(Bakker, 2006). Methods such as closed greenhouses can reduce fossil fuel usage by 30% and increase 
yield by 17% by increasing internal carbon dioxide concentrations (Marcelis et al, 2007).  
An example of sustainability in the greenhouse growing sector in the Netherlands is Duijvestijn 
Tomaten, one of the Netherland largest tomatoes growers (Huntjens, 2021) and awarded the 2015 
‘Best Tomato Grower in the World’ by an international panel at the ‘Tomato Inspiration Event’ 
(Telegraph, 2022). They operate their 25-hectare (62 acre) greenhouses using a combination of 
methods such as geothermal energy and hydroponics, reducing fossil fuels and water usage, 
producing 17 million kg of tomatoes annually (Telegraph, 2022). Additionally, the farm uses carbon 
dioxide from a local Shell oil refinery to aid plant growth. (Turnsek et al, 2020). 
If increasing UK greenhouse growing should be considered, lessons can be learned from the 
Netherlands to increase sustainability, reduce environmental impacts, improve yield, and increase 
economic viability. 
 
2.6.2. UK example 
The largest greenhouse complex in the UK is Thanet Earth, a 220-acre (0.89 km2 or 100 hectare) site 
in Kent which produces approximately 400 million tomatoes, 24 million peppers and 30 million 
cucumbers per year (Thanet Earth, 2022). Along with greenhouse infrastructure the size of around 
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150 football pitches, they contain 40 thousand 1000W sodium lights, a 70 million gallon water storage 
facility, and a combined heat and power generator which produced equivalent power to that required 
by 50,000 homes (Thanet Earth, 2022). The lights are used throughout the day and most of the night 
in winter so crops can be grown all year round. The greenhouses are equipped with blinds which 
reflect the light back onto the plants, retain heat, help maintain humidity levels, and reduce light 
pollution. Sodium lights are used as they produce some heat, have been proven to perform better for 
plant growth, and produce less light pollution than LED lights. Plants are grown by the hydroponics 
method, with roots in a fibre block, drip fed with water and nutrients from a closed loop system (no 
residual run-off). The fibre blocks are recyclable. They gather 50 million gallons of rainwater and 
condensation each year, of the 62.5 million gallons (284 million litres) required (Thanet Earth, 2022). 
Using Tataraki et al’s work which estimates that the annual heating requirement in the UK for a 
greenhouse growing tomatoes at 20°C is 335 kWh/m2/y (Tataraki et al, 2020), it is possible to 
calculate the approximate heating requirement for the Thanet Earth site. Multiplying the site area by 
the heating required the annual heating requirement for the area of greenhouses at Thanet Earth is 
approximately: 

335	𝑥	10!𝑥	0.89	𝑥	10" = 298	𝐺𝑊ℎ 
 
Simplifying the yield to include only the 400 million tomatoes produced annually as these are by far 
the majority crop (peppers and cucumbers have not been included), and assuming there are on average 
10 tomatoes per kg, gives a yield of 40 million kg of tomatoes (4 x107 kg) annually. Therefore, to 
determine an approximate heat requirement per kg of tomatoes the following calculation may be used: 
 

298	𝑥	10#

4	 × 10$ = 7.45	𝑘𝑊ℎ	𝑝𝑒𝑟	𝑘𝑔 

 
The energy consumption of the approximately 40 thousand 1000W lights can also be estimated. The 
lights are used minimum October to March when days are shorter and natural sunlight requires 
supplementation for maximum yield, and they are used for an average of 18 hours per day. This gives 
a total per year of: 

40,000	 × 	1000	 × 	18	 ×	
365
2 = 131.4	𝐺𝑊ℎ 

 
Apportioning this to the 40 million kg of tomatoes would give a lighting energy requirement per kg 
of: 

131.4	𝑥	10#

4	 × 10$ = 3.3	𝑘𝑊ℎ	𝑝𝑒𝑟	𝑘𝑔 

 
Even though Thanet Earth is likely to represent some of the most efficient methods used in the UK, 
it can be seen from these estimates of energy use that greenhouse growing is energy intensive, 
requiring almost 11 kWh of energy per kg of tomatoes, and approximately 2 GWh of energy per year 
per acre (4046 m2 or 0.4 ha) of greenhouse. 
 
2.6.3. Greenhouse heating methods 
In the UK winters (Dec-Feb) outdoor temperature can range between -2.5 to 10°C (Met Office, 2021) 
which is lower than the optimal growing conditions for many of the imported fruits and vegetables 
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(14-27°C). Therefore, to grow crops in the UK, the heating of greenhouses is essential, particularly 
over the colder months and for more heat intensive crops.   
The maintenance of optimal crop temperatures in greenhouses requires large quantities of thermal 
energy. In the UK the annual heating requirement for existing greenhouses is estimated at 335 
kWh/m2/y to maintain an average temperature of 20°C, suited to tomato growing (Tataraki et al, 
2020). This shows a reduction from the 444 kWh/m2/y calculated in previous work (Garcia et al, 
1998), with the reduction likely influenced by climate, crop, and greenhouse management practices 
(Miernicki et al, 2020). This is an estimate as actual values can vary between greenhouse types and 
operation. 
The heating of greenhouses has typically involved the direct combustion of fossil fuels such as natural 
gas, liquified petroleum gas or fuel oil. These are used to heat water heaters, boilers, or unit heaters 
(Esen and Yuksel, 2013). Commercial heating concepts include overhead, through the floor, and 
bench top heating (Miernicki et al, 2020). Even in more favourable growing climates e.g. Turkey, 
heating is still required during the night and winter (Esen and Yuksel, 2013). This is an expensive 
and fossil fuel heavy way to produce food as it has a high energy demand (Table 3). Using fossil fuel-
based heating methods can account for 80% of the total production cost of greenhouse heating 
(Canakci et al, 2013, Miernicki et al, 2020). Per hectare prices in one study were shown to annually 
range from $65,891.5 – $151,220.6 per year depending on price of fuel and climate of region (Canakci 
et al, 2013). This will also vary depending on target crop requirements. 
It is estimated that between 85-90% of climate change impacts associated with greenhouse growing 
in colder climates is due to heating and electrical processes (Golzar et al., 2019). In unheated 
greenhouses the CO2-eq dominantly comes from the electrical processes such as lighting (Golzar et 
al., 2019) and is approximately 1.10 kg CO2-eq per kg (Clune et al, 2017). The heating of greenhouses 
is environmentally costly with on average an increase of 1.03 CO2-eq more emissions per kg of 
produce than emitted by an unheated greenhouse (Clune et al, 2017). 
The impact of current heating methods is demonstrated in that vegetables grown in unheated 
greenhouses in Europe and imported to the UK via road transportation have a lower impact when 
compared to vegetables grown in a heated greenhouse in the UK (Frankowska et al., 2019). When a 
comparison is made between tomatoes grown in heated greenhouses in different climates such as the 
UK and Spain the heating requirements for the UK are much larger (Webb et al, 2013). It can be 
concluded that traditional greenhouse heating is highly environmentally costly and inefficient.   
The thermal efficiency of existing greenhouses can be improved by retrofitting such as improving 
insulation. Insulation plays a key role in reducing impact from heating, with a reduction in heat loss 
of 34% when doubled layers are used. Additionally, this can be seen in the materials traditionally 
used for greenhouses, with a lower heating cost of double polythene when compared to 
polycarbonate, due to a lower thermal transmittance associated with the double polythene (Miller and 
Nemali, 2019).  Moreover, recent innovations have produced an improvement in the efficiency of 
existing fossil fuel heaters in developing countries by using a combination of a residual heat recovery 
system and an embedded phase change material, resulting in a combined fuel saving of 48% (19% 
with only heat recovery). Additionally internal air temperature was improved by 17% (4% with only 
heat recovery system) (Yan et al, 2020). 
 
2.6.4. Alternative greenhouse heating methods 
As previously stated, current heating of greenhouses is environmentally damaging, with the economic 
cost and environmental implications of fossil fuel usage in greenhouse negatively impacting the 
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viability of greenhouse use in colder climates, such as the UK (Andrews and Pearce, 2011). However, 
there are alternative heating methods to fossil fuel usage including the potentially more 
environmentally friendly biogas, geothermal energy, and industrial residual heat. 
Combined heat and power units produce both electricity and heat with the main advantage being that 
the energy efficiency is higher when compared to separate generation (Raven and Verbong, 2010). 
The UK’s CHP average unit cost of energy is approximately $18/MWh (Tataraki et al, 2020). 
Greenhouses have also been heated using biogas from residual produced from crops, such as banana 
stems, to produce biomethane for anaerobic digestion heating (Adsal et al, 2020). 
Residual heat from industrial processes which require high level heat, such as melting glass or steel, 
may be available close to such plants. In power stations, it is not possible to turn all the thermal energy 
into electrical energy due to the physics of the process. Therefore, there is residual heat which is a 
necessary part of electricity generation. This residual heat can be used to heat greenhouses, reducing 
greenhouse gas emission by reducing the use of fossil fuel heating and improving energy efficiency 
of the industrial or power plant. Additionally, it is reported to be more economically viable than 
systems only using gas (Andrew and Pearce, 2011). The use of residual heat for agricultural purposes 
has been considered historically with one of the earliest examples of the idea in 1916 for rhubarb 
growth and pest management in the winter (Turnbull, 1916). By using residual heat for heating 
proposes the environmental impact of heating is lessened. 
There are many papers which provide technical and economic assessments of using residual heat for 
greenhouse heating, including calculations to assess heat requirements and cost implications, 
environmental impacts, and even the size of greenhouse for a given amount of residual heat through 
comparison with gas heated systems. A small number of these look at the UK specifically, with most 
providing a method to be adapted to local conditions. 
For example, Basak and Sevilgen (2015) looked at the techno-economics of residual heat for 
greenhouse production, offering a model to analyse the thermal requirements of a greenhouse and an 
economic model. In line with the finding of many others, they identified that the greatest cost in 
greenhouse production is heating. As they note in their work, there has been a great deal of research 
into the more effective deployment and design of greenhouses, as this is a mature technology. Their 
work also includes calculations on the cost of the infrastructure to transport the heat to the greenhouse, 
which is not an insignificant element in the consideration of the use of residual heat. This cost 
increases with the distance between the heat source and the greenhouse having implications for the 
siting of future nuclear new build should the use of residual heat be required. They reference the 
finding of several studies on the use of different heating methods, including geothermal heat such as 
Kondili and Kaldellis (2006). They also note the work of Andrews and Pearce (2011) in using residual 
heat. 
Andrews and Pearce (2011) investigated the use of residual industrial heat from a float glass 
manufacturing company, looking at the environmental and economic assessments. They found that a 
greenhouse using residual heat would have lower operation costs than one using a natural gas system. 
They determined based on the energy use for one medium sized float glass factory that it could heat 
a 3.9-acre greenhouse, saving between 1042 and 2123 t of CO2 and generating a revenue of $1.3 
million (Canadian) per year. They provide detailed calculations, putting forward a methodology 
which could be applied to other residual heat streams. 
Graamans et al (2018) investigated whether a greenhouse or a plant factory was more resource 
efficient. Plant factories are entirely closed environments with light, heat, water, and nutrients 
provided by artificial means. A vertical farm is an example of a plant factory. They found that plant 
factories have a larger and more consistent crop year round, and use less space and less water than a 
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traditional greenhouse. However, due to the requirement for lighting to replace the use of natural light 
in greenhouses, they use more energy. More suited to urban environments, they would need low 
carbon heating and lighting to be more environmentally friendly than greenhouses. Urban plant 
factories could potentially be heated in addition to district heating systems for home and business 
space heating. 
Examples of the technical and economic research into greenhouse growing are abundant. Exampled 
of using waste heat are few with some models available for adaptation to local conditions. One of the 
areas most lacking in the research is the application of residual heat for alternative crops, as most 
focus on existing crop data, mainly tomatoes (the main greenhouse crop globally) or cucumbers. An 
investigation into alternative crops which may have a greater effect on lowering the environmental 
impact and providing economic and social benefits, would be useful in unlocking the greatest 
potential from greenhouse growing using residual nuclear heat.  
 
2.7. Using nuclear residual heat for greenhouse heating 
Nuclear power plants (NPP) are around 33% to 40% efficient (World Nuclear Association, 2020). 
This means that 33% of the heat produced by the reactor is turned into electricity. Current large scale 
NPPs in the UK supply up to 1.2 GW of electricity. The output will be greater for the large-scale new 
builds, with Hinkley Point C planned to have an output of 3.2 GW. The new small modular reactors 
(SMR) represent the lowest output of the proposed new plants, with the Rolls Royce SMR reporting 
a potential output of 470 MW of electricity for its planned plants, though there may be multiple SMRs 
on a single site. 
NPP are around 33-40% efficient, depending on the type of plant. This means that for the stated 
electricity output, the reactor generates a great deal more heat than electricity. For example, at 1.2 
GW NPP that is 33% efficient would generate approximately 3.6 GW of thermal heat, of which 1.2 
GW would be converted to electricity. This figure would depend on the plant operations as some of 
the energy may be used for other internal processed (e.g., running pumps). However, taking this as 
an approximation of the amount of residual heat, a 1.2 MW(e) NPP will generate 2.4 GW(t).  NPP 
are at their most efficient when running constantly at full generating capacity, and in practice may 
average about 90% of maximum capacity (approx. 21.5 hours per day). In terms of quantities of heat 
which would be generated 2.4 GW(t) for 21.5 hours per day would be more than 50 GWh of heat per 
day. As this is in the 35 - 40°C temperature range, it is suitable for applications including large-scale 
greenhouse production. In comparison to the estimated approximate figures for Thanet Earth, one 
existing NPP would provide sufficient residual heat for over 60 times the area of greenhouses at this 
site. Whilst an approximation, this indicates the potential of this application. A more detailed model 
would be beneficial based on the integration of a greenhouse into future heat park or district heating 
systems, using the models already available from the literature, in combination with new modelling 
to optimise the use of the residual heat, focused on the UK climate, UK fruit and vegetable consumer 
preferences, and the current and future nuclear fleet. 
There are four main options for cooling a NPP (World Nuclear Association, 2020). These include 
taking water from the sea or a lake, passing it through a condenser and returning it to the sea or lake 
at a slightly higher temperature, known as once-through water cooling. Cooling towers are another 
often used method for NPP not close to a suitable water supply for once through cooling, where heat 
is dissipated into the air. Cooling ponds may be used, however these require large quantities of land 
to provide sufficient surface areas for the heat to dissipate. The other option is dry cooling which 
requires power and is unreliable in hot weather. 
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All current nuclear power plants in the UK use once-through water cooling as their ultimate heat sink 
and use water drawn from the sea, hence their siting in coastal areas. This is more efficient than rivers 
or lakes due to the large quantities of water that is required. However, Trawsfynydd NPP in Wales 
which operated between 1965 and 1991 used a lake for cooling. The once-through water is contained 
in a separate system to the reactor cooling fluid and does not come into contact with nuclear materials 
at any time to ensure the water is not contaminated. The water runs through a condenser where 
virtually all the residual heat from the NPP is transferred to the cooling water. The cooler the inlet 
water is, the more thermodynamically efficient the plant is at generating electricity. The cooling water 
is then returned to the sea. The limit on the temperature of the returned water is 30°C to reduce any 
environmental impact.  
Around 90 m2 per second of water withdrawal is required to cool a 1600 MW NPP, with only a little 
of this lost due to evaporation once it has left the plant. This is in comparison to cooling towers which 
require 2 m2 per second of water, with around 3 litres per kWh of this lost to evaporation, and more 
lost in a process called ‘blow down’ where some of the water is removed to reduce impurities (World 
Nuclear Association, 2020). At present the UK does not use cooling towers. However, a reduced 
cooling requirement by utilising residual heat may allow NPP to be sited in more locations with 
smaller water supplies and move away from the traditional coastal locations without the need for 
cooling towers to be implemented. 
Other power plants similarly require water, including gas and coal-fired plants, and the introduction 
of carbon capture is expected to add 50 – 90% to their water requirements (World Nuclear 
Association, 2020). Water is a valuable resource in most of the world and efficiency is important in 
avoiding irreparable climate change. 
There are little data on existing or past nuclear residual heat heated greenhouses. As there is an 
abundance of residual heat from nuclear power plants, and with the development of more nuclear 
power plants planned, there is a great opportunity for great increases both in the size and scope of UK 
edible horticulture, as well as flower growing and potentially aquaculture in the UK. This would 
require collaboration between the NPP operators and the greenhouse owners. Andrews and Pearce 
(2011) note that one of the well documented effective procedures for collaborative work between 
companies in different sectors is an intermediary body that can provide information and initiate the 
conversation between the heat producer and the greenhouse owner. This intermediary could be an 
educational institution, and this provides opportunities to encourage further research. The gathering 
of expertise required by such an intermediary is a positive step towards developing more 
environmentally friendly horticulture in the UK. 
The role of an intermediary is also an area where research is required to ensure their information is 
fit for purpose, and to determine the best role they can play, the best means of communication, the 
point at which communication should commence, and how they may attract new players to expand 
the volume of producers required to increase horticulture by any meaningful amount. The NPP 
designers will need expert advice if a greenhouse is to be included in the planning of a new NPP site 
and co-generation facility. Both NPP and greenhouses have specific requirements which will need to 
be met as greenhouses would be best placed near to the nuclear plant to reduce heat losses in lengthy 
pipelines. It is likely that both energy suppliers and greenhouse growers will require specialist advice 
and support to seamlessly link the two very different operations. It is unlikely that a nuclear power 
plant company will have the necessary expertise or desire to set up and run a successful horticultural 
business ‘on the side’ as it is so far beyond their core business of energy production. The integration 
of a horticultural facility in concert with a heat park may provide a route to maximum efficiency, as 
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was the case in the Bruce Energy Centre, where a number of heat users form a cluster round a NPP 
to take advantage of the low-carbon heat and electricity available. 
 
2.7.1. Advantages of using residual heat 
There are several advantages to the NPP of residual heat being used for other purposes, which include 
increased efficiency, reduced costs, and reduced environmental impact. If the residual heat is 
employed in useful applications, it increases the overall efficiency of NPP operations though utilising 
a greater percentage of the heat generated. As NPP are between 30 – 40% efficient, this means there 
is a great deal of low temperature heat available for other purposes. The use of this heat can increase 
efficiency up to around 80% (Lipka and Rajewski, 2020). Decarbonising heat is one of the major 
challenges to achieving Net Zero. Electricity is easier to decarbonise as there are several mature 
technologies, including nuclear, wind and solar power. Heat is difficult to decarbonise because 
electricity is inefficient in generating heat, and gas is more cost effective. The major non-nuclear heat 
sources usually involve combustion of some kind, usually gas, which in turn emits carbon into the 
atmosphere. There has been an increase in the use of biomass boilers as CHP units, as these were 
seen as a more carbon neutral energy source. However, they are decreasingly being viewed as carbon 
neutral as they often rely on wood pellets from trees, the replacements of which will take decades to 
remove the emitted CO2 (MIT, 2018). 
If low carbon ways to use heat already generated, but not used could be found this would help to 
decarbonise heat, in turn benefitting the environment. It may also provide an additional revenue 
stream for NPP operators, making funding new nuclear more attractive and/or reducing the cost of 
electricity to the consumer. If this residual heat was used to heat greenhouses, it could benefit the 
environment by reducing the need for gas powered combined heat and power generators, increasing 
the range of crops that could be grown, and reducing the cost of greenhouse growing, potentially 
widening choice, improving quality, and lowering the cost of food to consumers. 
 
2.7.2. Disadvantages of using of residual heat 
New infrastructure will be required to transport the heat from the plant to the locations where it is 
used. This has a one-off financial and carbon cost which will need to be repaid over the lifetime of 
the system. A lifecycle assessment of any new project should be employed to ensure that the benefit 
of using the residual heat is not outweighed by its costs, whilst considering the timescales determined 
to avoid a climate disaster. The most efficient way of achieving the removal, transportation and 
utilisation of this heat requires further investigation to optimise systems (Lipka and Rajewski, 2020). 
There may be competition for this heat so any plans will need to ensure that a more financially 
attractive application does not impact on the economics of using this heat for greenhouse growing. 
At present the low temperature residual heat is not seen as useful for applications other than heating 
greenhouses or heating specific animal environments (Lipka and Rajewski, 2020). The general 
increase in demand for low carbon heat could open up new markets for this residual heat which may 
mean this resource changes from freely disposed of to valuable commodity. However, this potential 
demand may be met by an increase in supply due to new NPP and the utilisation of other industrial 
residual heat sources. The future demand for low temperature heat is an unknown at present which 
could make assessing the cost effectiveness of schemes such as heated greenhouses problematic. 
Should the cost of the residual heat increase due to demand, price increases would likely result, 
changing the viability of any project using residual heat. 
However, as the massive increase in gas prices during 2021 and continuing in 2022 show, all energy 
markets can be volatile with current CHP plants facing unanticipated increases in running costs. 
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Progress towards decarbonisation is moving in more of a planned way and so competition for heat 
should be easier to forecast. Lindroos et al put forward that the capital cost of a small modular reactor 
(SMR) capable of combined heat and power is 5% more than one designed for electricity only, though 
this may vary with the design and application (Lindroos et al., 2019). If accurate, this would make 
the addition of heat generation by an SMR financially viable. An investigation into the implications 
of cost for large scale NPP would be beneficial as the SMR technology is as yet still in development 
where large scale plants are already under construction. 
 
2.7.3. Example of the use of residual nuclear heat in greenhouse growing 
The Bruce Energy Centre (BEC) in Canada, formerly the Bruce Agripark Joint Venture, was formed 
in 1979 to use moderator cooling water from Bruce Nuclear Power Development to heat greenhouses 
and to provide low cost process energy to businesses on the BEC site thought a steam distribution 
system (The Bruce Energy Centre, 1982). The company would purchase low-cost steam from the 
Ontario Hydro nuclear facility which it would distribute through steam lines to the companies on the 
BEC site. The residual heat not used by those companies would be used to heat greenhouses. They 
hoped to balance the seasonal nature of the heat needed by the greenhouse with heat required for 
drying crops to make it an all year round even demand, to balance demand and reduce overall costs. 
Although many of the details of the BEC are lost in the past and the company no longer exists, 
greenhouses heated by the nuclear plant were operating at this site in the 1970s. However, due to 
excess electricity supply, the Ontario reactors were temporarily shut down. Without this heat source, 
the greenhouses were forced to close and despite the nuclear plant opening again, the greenhouses 
did not. The important lessons to take from this are firstly that greenhouse heating from an NPP is 
possible and feasible, but secondly there needs to be a consistency of supply for the greenhouse 
business to survive. The NPP still operates today, but the greenhouses have gone and little information 
remains about this scheme. 
There was also a nuclear heated greenhouse at Browns Ferry, Alabama in 1973, with 100 acres of 
land set aside for this type of agriculture (Parker and Anders, 2016). In 2007 the Browns Ferry plant 
became headline news when it had to temporarily shut down due to a heatwave which increased the 
Tennessee River temperature to a level where it could no longer effectively cool the plant. In a world 
where temperatures are increasing through climate change, the removal of residual heat from power 
plants becomes increasingly important to consider and plan for. Learning from lessons from other 
greenhouse schemes like Browns Ferry plans may need to include heat storage system for times when 
the heat is not required by the greenhouse. 
 
2.8. Disscusion 
 
2.8.1. Benefits of increased greenhouse growing using residual heat  
The intensification of agriculture is one of the largest threats to the environment, causing degradation, 
pathogens and loss of biodiversity and ecosystem services (Tilman et al, 2002). Globally agricultural 
food production accounts for 19-29% of global anthropogenic greenhouse gas emissions, equating to 
9,800-16,900 MtCO2-eq (Vermeulen et al., 2012). In the UK in 2006 the consumption of fruit and 
vegetables accounted of 2.5% of the UKs greenhouse gas emissions (Garnett, 2006). However, this 
is rising. As of 2019 the consumption of vegetables and fruit accounting for 4% of the annual 
greenhouse gas emissions (Table 4) and 9% of energy demand of the whole UK food sector 
(Frankowska et al., 2019B). With an increasing trend in consumer demand for more greenhouse gas 
intensive vegetables and fruits as previously discussed (Garnett, 2006).  



 27 

 
Table 4. The estimated greenhouse gas emissions and water usage of fruits and vegetables from LCA 
as of 2019 (Frankowska et al., 2019, Frankowska et al., 2019B) 

 
 
 
 

 
Due to the climate conditions, it is more energy intensive to grow vegetables in greenhouses in the 
UK than it is to import them from abroad (Webb et al, 2013). Due to this and other factors, such as 
water requirements and pest control, field grown produce is general preferred as the eco-friendlier 
option for food production (Munoz et al, 2007). However, crops can be grown more intensively and 
therefore using less land in greenhouses. In the UK there has been a decline in species over 50 years, 
believed to be due to the increased demand on the environment leading to loss of habitats, which in 
turn likely causes a loss of biodiversity (Boatman et al, 2007, Burns et al, 2016). The cost of the loss 
of biodiversity and landscape values due to agriculture was estimated at £150.3 M/yr in 2000 (Coley 
et al, 2011) There are additional environmental impacts associated with field based growing such as 
impacts on groundwater and eutrophication. The excess use of fertilisers in vegetable production can 
cause nitrate leaching which impacts on both environmental and human health (Thompson et al, 
2020). When produce is grown in a managed greenhouse the wider environmental impacts of growing 
crops in fields such as acidification and eutrophication are lessened due to managed environment, 
although the demand for pest control is increased (Webb et al, 2013).  
Analysis of the nutritional value of bell peppers, tomatoes, and cucumbers revealed in general a 
greater concentration of nutrition (micronutrients and ascorbic acid) in greenhouse grown compared 
to field grown, and the micronutrient concentrations can be increased by an improvement in 
nutritional management in greenhouses (Aghili et al, 2012). This is contradictory to the popular belief 
that greenhouse produce has a low nutritional value (Munoz et al, 2007). The managed environment 
of greenhouses can be precisely controlled to provide the best growing conditions for the crop. 
There are potential market opportunities for growing produce in greenhouses in the UK. In 2020 the 
horticultural statistic for the UK shows that the value of UK grown vegetables increased by 10% to 
£1.7 billion whereas production only increased by 3% (2,600,000 T) (DEFRA, 2021), additionally 
imports fell due to an increasing demand for local produce which has amplified over recent years 
(Sims, 2010). The value of fruits grown in the UK has increased by 16% to £1.4 billion when 
compared to previous years despite a fall in volume produced of 4.5% (657,000 T). Additionally, the 
value of UK grown fruit has almost doubled since 2010 (DEFRA, 2021). The UK’s largest value 
fruits are bananas, grapes, and citrus fruits (Figure 8) which are currently not grown in commercial 
greenhouses in the UK. Comparatively the largest value of vegetables is tomatoes, peppers, and 
mushrooms (Figure 8). Air freight represents a risk to profits and consumer prices as delayed/diverted 
flights impacting produce quality. Cargo spaces are often un-refrigeration as they remain cool during 
flight and food may spoil if the plane is delayed (Barrett et al, 1998) 
 

Product CO2 eq (Mt) Water eq (Mt) 
Vegetables 20.3 253 
Fruit 7.9 315 
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Figure 8:  The value (£ million) of the top 10 produce in the UK in 2020 for a. vegetables and b. fruit 
ordered from largest quantity to smallest. data for (DEFRA, 2021) 
 
The most popular vegetables consumed in the UK which are currently greenhouse grown (Table 1) 
are tomatoes, lettuce and sweet peppers ranking 1st, 3rd, and 4th respectively out of all vegetables 
consumed in the UK as of 2020 (Figure 1). However, only 14.7% of tomato’s consumed in the UK 
were domestically grown in 2020 (Figure 4). Currently the heated greenhouses for these tomato crops 
have the greatest GWP (global warming potential) impact from growth. With the impact of the use 
of fossil fuels for heating equating to a GWP of 2.7 kg CO2-eq, 84% higher than those grown in 
unheated greenhouses (Table 3), (Clune et al, 2017, DEFRA, 2021). Other examples include lettuce 
growth which emits 2.45 kg CO2-eq and peppers 1.96 kg CO2-eq, which is 76% and 56% higher 
respectively than their unheated counterparts (GHGWP, Clune et al, 2017, DEFRA, 2021). Current 
practices are environmentally damaging, and should residual nuclear generated heat be used, 
greenhouse production could rise to meet year round demands whilst lowering the CO2-eq.  
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2.8.2. Potential new greenhouse crops for UK residual heat and benefits  
The value of certain food crops, and the recent growth in popularity of certain fruits and vegetables, 
provide commercial as well as environmental opportunities when residual/residual heat from nuclear 
power plants is used to heat the required greenhouses.  
The most popular fruit in the UK are bananas which account for 26% of all fruit consumed in the UK 
(Figure 1) and have seen an increased trend in popularity and import, with a 166.8% increase between 
1988-2020 (DEFRA). Bananas are an important dietary source of nutrition with positive impacts on 
human health, containing several bioactive antioxidants (impeding or preventing free radical 
reactions), phytonutrients and are high in fibre and minerals (Singh et al, 2016). Globally they are the 
fourth largest agricultural segment and the most exported fruit worldwide (Arias et al., 2004). 
Currently not grown in the UK on a commercial scale, they are the UK’s largest imported fruit, with 
1033 thousand tonnes imported into the UK in 2020 (Figure 8) (DEFRA, 2021) and economically 
valued in the UK as approximately £575 million annually (Figure 8). This represents the largest fruit 
sector. Imported from areas such as Ecuador, which is world’s largest exporter of bananas with a 
global market share of 35%, the transportation has a high carbon impact (Iriarte et al, 2014).  The 
greenhouse production of bananas in the UK is not currently carried out on a commercial scale due 
to the high cost of heating. However, it can be achieved in milder climates, where greenhouses are 
used to increase yield and prolong the growing season. This has been done in places such as Morocco, 
Turkey, and South Africa, with the plants having a 0.2 plant m−2 density and maximum height of 5m 
(Demrati et al, 2001, Demrati et al, 2007, Eckstein et al, 2007), and it is possible to grow bananas in 
greenhouses in similar climates to the UK, such as the Netherlands (Segura-Mena et al, 2021).  There 
are benefits to cultivation of bananas in greenhouses compared to outdoors, such as a 28% greater 
yield of fruit due to more favourable microclimate and the larger leaf growth. However, the flower to 
harvest process is extended by 1.3 months (Eckstein et al, 2007). If water irrigation is at 27 °C it is 
possible to double the yield per tree when compared to irrigation using ambient temperture water 
(Adsal et al, 2020). By growing this crop in the UK, removing the need for long distance 
transportation could save 0.12/0.70 kg CO2-eq/kg of premium quality bananas, depending on the 
exporting location, even without considering air transportation (Iriarte et al, 2014). Moreover, by 
growing in greenhouses other environmental impacts can be controlled as discussed previously. As 
residual nuclear heat can be used to provide low carbon heat to sustain the greenhouse climate and 
heated irrigation water, with low carbon electricity available for lighting, this may increase the 
viability of growing this crop in the UK, both economically and environmentally.  
Avocados are increasing in popularity, particularly as a part of vegan and vegetarian diets, which are 
themselves becoming more popular as the more environmentally responsible food choice. Avocados 
however are particularly environmentally damaging and costly to produce.  The import of avocados 
over the period 1988-2020 increased dramatically, by 839%, the largest increase of any fruit 
consumed in the UK (DEFRA, 2021). However, the growth of avocados and their transport are fossil 
fuel heavy, with current field growth practices producing 3.30-3.57 t CO2/ ha (Astier et al, 2013). 
They also require a significant amount of water during their growth which can tax the water supply 
in their countries of origin. The growth in popularity, the many health benefits of their consumption, 
including reducing cholesterol, and the scope to improve the environmental impact of avocados 
makes them of interest in an assessment of potential future crops for greenhouse growth in the UK. 
Another UK crop that could benefit from residual heat heated greenhouse production is asparagus. 
Typically grown in fields, it is harvested April–June. There were 1.2 thousand tonnes of imports and 
5 thousand tonnes of home grown produce in the UK consumed in 2020. Due to the small proportion 
of the UK diet this represents (ranked 21) overall impacts are smaller when compared to the more 
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popular vegetables (Figure 1) (DEFRA, 2021, Frankowska et al., 2019). However, asparagus has the 
highest impact by weight across most of the 19 environmental impact categories considered in LCAs 
(Frankowska et al., 2019).  Environmental impacts arise from factors such as being grown on land 
that is sloping and with erodible soil, causing leaching of fertilisers and erosion, which also impact 
the health and productivity of the crop (Maskova et al, 2021, Niziolomski et al., 2016) along with the 
environmental damage of runoff and loss of soil (Niziolomski et al, 2020). This can be reduced by 
companion planting plants such as rye, and by adding surface mulch and tillage (Maskova et al, 2021, 
Niziolomski et al, 2020). However, if this crop is grown in a greenhouse these impacts are lessened 
and environmental impacts associated with year-round demand could be reduced through the use of 
residual nuclear heat for increased UK production.  The growth of these products through residual 
heat would give a novel selling point and would result in cheaper products increasing accessibility as 
seen in other products (Hawkesworth et al, 2017). 
LCAs generally do not include the environmental impact of the building of infrastructure as this is 
difficult to apportion to each crop. A greenhouse will last a significant number of years. The urgent 
nature of climate change makes the simple division of impact over the years of operation to give a 
value per kg of produce difficult as current environmental impacts may disproportionately affect 
future climate change. Therefore, a new model which can assess the impact of infrastructure 
construction on the current climate change model is required to assess fully the real benefits or 
otherwise of increased greenhouse growing in the UK as compared to importation. 
 
2.9. Conclusion 
As the consumption of fresh fruit and vegetables increases to provide a healthier diet (Clarke and 
Moran, 1995, Oyebode et al, 2014) so do the environmental impacts. A healthier diet at present has 
a higher environmental impact, due to the transportation and refrigeration of products from abroad, 
or through the high usage of fossil fuels in current greenhouse production (Dogbe and Revordo-Giha, 
2021). It is not currently economically or environmentally viable to grow food in the UK via 
traditional greenhouse heating practises during the colder months, or for produce which require higher 
heating demands than current greenhouse crops (Andrews and Pearce, 2011, Webb et al, 2013).  
However, growing produce in greenhouses heated by residual nuclear heat may provide both 
economically and environmentally viable new crops through removing the dependence on fossil fuels 
of current greenhouse growing techniques or transportation of imported goods and be used to reduce 
the environmental impact and cost of current greenhouse crops and imported fruit and vegetables. 
Greenhouses provide the option of year-round quality production at a greater intensity allowing for 
less land-cover change in the UK associated with any increased production. Moreover, the enclosed 
and controlled greenhouse environment can protect the wider environmental from negative effects 
associated with field grown produce. It will also allow less reliance on produce from areas vulnerable 
to climate change and where water is scarce (Hess and Sutcliffe, 2018, Scheelbeek et al, 2020).  
The use of greenhouses could generate an additional source of revenue for NPP and further reduce 
their carbon footprint through increasing efficiency by utilising heat which would otherwise be 
released to the atmosphere. 
In recent years there has been a shift in consumer attitudes towards quality, convenience, and a 
consideration of environmental impact of produce (Berrett et al, 1998, Dolan and Humphreys, 2000, 
Garnett, 2007). Through nuclear residual heat heated greenhouses consumer preferences could be 
met, along with reducing the cost of fresh produce allowing better accessibility to those in the UK 
facing food poverty or on a low income (Hawkesworth et al, 2017). 
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Currently there is room for expansion in the existing tomato, cucumber, lettuce, and pepper 
greenhouse industry in the UK as currently only a fraction of demand is met by UK production. The 
use of residual nuclear heat could reduce costs associated with greenhouse production, making UK 
grown fruit and vegetables better able to compete with imports. Allowing for the limitations of 
infrastructure development and availability of suitable land, the existing greenhouse food production 
industry could grow to meet a greater percentage of the UK’s demand for fresh produce, including 
extending the range of produce to novel fruits and vegetables and extending growing seasons in the 
UK. 
Although in some ways food security could be increased by more UK grown produce, the impact of 
crop failures, pest infestations and unpredictable weather patterns on yield, the amount of food 
required in comparison to the land available to grow it, and the crops that would still be more 
environmentally less damaging even if imported, mean that remaining part of the global trade in fruit 
and vegetables is still important. 
 
2.10. Future Work 
The gaps in current literature and understanding as listed earlier in this report provide avenues for 
better understanding this area and will hopefully provide routes to implement changes to the benefit 
of the UK greenhouse growing industry, consumers, and the planet.  
Though not included in this report, another area where residual nuclear heat could be beneficial in 
food production is in aquaculture and algae growth, and this merits further study. 
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3. A Review of the Communications Scholarship. 
 
3.1. Abstract 
Public attitudes, acceptance, or refusal are crucial in policy development globally since policy directly 
impacts society. Given the project’s aim of exploring the feasibility of using residual hate from 
nuclear power to heat greenhouses to grow food, to help achieve Net Zero, this review summarises 
the key issues in three pertinent areas: nuclear power, climate change, and food safety/scares from 
the communications scholarship. Across each of these three areas, the review investigates (1) public 
attitudes and perceptions, (2) disinformation and misinformation, and (3) media narrative/ discourse 
on how climate change, food risks and nuclear power are framed in the media. 
 
3.2. Key Findings/ Gaps in the Literature  
Overall, given our contextual focus on the United Kingdom and state of the art literature, there are 
several gaps in the communications scholarship on nuclear power, food scares, misinformation, and 
disinformation across the last decade. Given technological advances and the proliferation of social 
media more studies across all three areas could examine critical issues within the digital space where 
there are new intersection, news players and communicative practices that can aid our understanding 
of public attitudes 
Public attitudes:  
Research into public attitudes to nuclear power spanning the past decade shows a generally positive 
public posture towards nuclear power in the UK, although, there are mixed reactions towards the risks 
and hazard factors especially the implications for warfare, environment, and health. In America, 
Europe, and Asia, hesitations about nuclear power are mainly tied to fear, i.e., the risk factors, 
environmental concerns, economic costs, and health panics.  
On public attitudes towards food risks, across the world, scholarship finds that consumer anxieties 
about irradiated food are tied to uncertainties about the safety and wholesomeness of the technology 
and process. Similarly, unnatural food (such as cultured meat and Genetically Modified food) disgusts 
meat consumers in the UK and other European countries.  
Overall, the research on public attitudes towards achieving net-zero carbon emissions reveals a 
positive outlook in the UK, where the public is generally open to switching from natural gas to 
alternative low-carbon heating technologies to mitigate carbon emissions and help reduce the effect 
of climate change. However, there is low public awareness of the urgency to change to alternative 
sources. Public attitudes towards decarbonisation are influenced by their exposure to relevant carbon 
emission information. 
Misinformation & Disinformation: 
There is very little research on misinformation and disinformation on nuclear power, or on its impacts 
on public opinion in the UK, reflecting the very limited research on misinformation and 
disinformation in public discussion of science generally. American and Asian studies in this area, 
while sparse, address false information circulating after nuclear power plant accidents (with false 
claims about high radiation levels, and risks to human health and food), as well as examining who 
spreads this and how to correct it.  
Research on misinformation and disinformation on food risks is minimal, although food conspiracies, 
myths, and deception are not new.  
Research on misinformation and disinformation on climate change does not focus on the UK, but 
rather the USA, and to a lesser extent, developed countries. In the USA it finds ideological 
polarisation and celebrity endorsement to be key processes in spreading false information which is 
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spread across a network of actors including the corporate world, the fossil fuel sector and other 
multinational corporations, public relations firms, foundations, partisan think tanks, advocacy groups, 
climate sceptics and contrarian scientists, and mainstream and social media platforms, where 
polarised arguments explore the reality of climate change, and the legitimacy or rigour of climate 
science, and solutions.  
Media narratives/discourses: 
Globally, on nuclear power, there are conflicting media narratives, images and metaphors across 
diverse media genres (including films, newspapers, magazines, comic strips, novels, exhibitions, and 
social media). Some promote the benefits for nuclear power, agriculture, engineering, health care, 
food and the environment, while anti-nuclear media discourse portrays nuclear power plants as 
archaic, unsafe, run by deceitful establishments, polluting and risky. In the UK, there is also a mix of 
discourses. Studies of the British press find that positive discourses of renaissance (rebirth and 
reinvention in energy production) predominate, but followed by apocalyptic metaphors of 
devastation. 
On food risks, research from the UK and beyond finds that food safety and food scares are highly 
newsworthy topics, generating discourses of sensationalism and uncertainty that damage consumer 
trust levels and increase scepticism. GM food has produced moral panic and risk-type narratives in 
the British press with affective labels such as 'Frankenstein foods' highlighting 'moral threat' and 
'unknown' side effects. 
On climate change, research from the UK and beyond highlights the importance of visual 
representations, their varying patterns across different media genres, their dramatic and affective 
impact (for instance, polar bears on leftover sea-ice), and their narratives of time, truth, and power. 
With increasing attention over time to this issue, press coverage focuses on impacts of climate change 
rather than on what can be done about it. It largely reflects the climate change scientific consensus 
(that anthropogenic climate change is happening) (especially in the UK), but also voices contrarian 
opinions (especially in the USA). 
 
Communicative challenges and opportunities 
The literature shows public attitudes are significant for achieving and exercising policy or technology 
changes, with the following specific challenges arising: 
 
• The availability or lack of public information and knowledge about the nuclear residual heat 
processes, benefits, and technology is a salient dynamic in public acceptance or rejection from a 
communications perspective. 
• Mis/ disinformation and misperception across mainstream media and digital media present 
uncertainties in the public domain and influence public acceptance and/ or rejection of nuclear 
residual heat for food as in the case of irradiated foods.  
• False information across social media platforms can escalate polarisation of opinions 
(cultural/ religious/ political and scientific) in relation to using residual heat due to the platforms’ 
open/decentralized structure, multimodal channels, and the potential for information cascades. 
• The risk of emotive or affective amplification or over-amplification in media (social media 
and traditional media forms).  
• There is a potential for scientific divergence further creating uncertainties on the subject as 
seen in climate change and the use of nuclear energy discourse. 
• Significant media discourse can shape public interpretations. 
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• There are gaps in research looking into the role of media in shaping public attitudes towards 
nuclear residual heat/ irradiated food likewise how social media can inform better understanding in 
the public domain. 
• Possibility of media sensationalism as seen in the literature on climate, nuclear, and irradiated 
food scenarios. 
• Low public awareness of alternative energy sources is a key challenge. 
• Consumer anxieties are tied to uncertainties about the safety and wholesomeness of the 
technology and process. 
 
There are the following communicative opportunities generated by using nuclear residual heat for 
food production: 
 
• Energy supply to operate stably and economically with only a conventional fossil fuel boiler 
system for large horticulture facilities in Korea was identified as a significant challenge. Nuclear 
residual heat is perceived to be more economically viable and sustainable (Yu and Nam 2016) for 
large-scale projects. 
• Food security is another benefit (Parker and Keissling 2016). 
• Research gaps still exist in understanding the nature and extent of information disorder of 
country-specific details in the United Kingdom and Europe, likewise, the attitudes and behavior of 
the public towards nuclear residual heat, irradiation processes, misinformation/ disinformation.  
• There are opportunities for future research to consider if any, how dis/ misinformation works 
to increase or undermine the goal of effective food risk communication on social media and country/ 
international perspectives on the impact of disinformation campaigns on public attitudes. 
• Bridging the communication, information, and awareness gaps of the perceived benefit of 
using nuclear residual heat in food production can inform public acceptance and shape perceptions 
about perceived risk, and decrease potential trust' issues. 
• Evidence shows that the public will trust sources perceived as competent and benevolent, and 
opinions seen as widespread. 
 
3.3. Methodology/approach  
The examination of the communication scholarship followed a two-stage search process. The first 
part included a literature survey using Google Scholar incorporating key terms and custom search 
between 2012 and 2022. For instance, pairing 'nuclear power and the United Kingdom', 'Irradiated 
foods and the United Kingdom' in search for country-specific examinations of the themes. The second 
phase replicates the search in the first part; however, searching the key terms in field-specific journals 
from Energy and Communication journals to Climate, Environmental, Consumer and Politics 
journals. The Google scholar search returned several thousand results. However, in the nuclear power 
+ United Kingdom search, the search returned few results with the concentration of research in Asia 
countries and the Americas. Similar results surfaced in specific journal searches.  
 
3.4. Public attitudes towards the following' risk issues.' 
 
3.4.1. Attitudes towards Nuclear Power 
Concerns over the increasingly growing climate changes and the threat to ecosystems have served as 
a stimulus propelling collective action among citizens and governments in developed and developing 
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countries. In 2016, 196 nations signed the Paris agreement to reduce global warming to 1.5–2 ◦C, 
with decarbonisation becoming crucial in the creative energy policies across the globe (Ho, et al., 
2021: 1). Over the years, renewable energy and nuclear energy have continued to be explored and 
incorporated as alternative energy sources due to their low-carbon energy profile and benefit for 
decreasing greenhouse gas emissions (OECD, 2012). Yet, despite the transitioning process to 
alternative energy sources in various national contexts, public reactions, acceptance, and reaction 
have been mixed. Although generally, there is high public support for renewable energy (McPhee, 
2020), nuclear energy, on the other hand, has been greeted by much less enthusiasm and controversy 
by the general public (Ho, et al., 2021: 2). Scholarly, media and policy interests have highlighted the 
potential of low carbon emissions and alternative energy, particularly addressing public safety 
concerns. Yet, uncertainties are still rife.  
Fear: A 2014 IAEA report found Fear as a principal factor influencing public opposition to nuclear 
energy in specific countries. These include anxieties over the possible danger of nuclear mishaps, 
uncertainties about radioactive residual management, developments and exploitation of nuclear 
weapons, and the substantial cost implications for managing plants (IAEA, 2014). These anxieties 
across both developed and developing worlds touch on issues from the health of ecosystems (Van der 
Pligt, Eiser, and Spears 1986). More so, public fears and corresponding attitudes of acceptance or 
refusal are influenced by factors including heuristics, religiosity, benefit, and knowledge awareness, 
trust in the authorities, emotions, and risks perception (Song and Kim, 2013; Ho, et al., 2021; Huang, 
et al. 2018; Mberia 2017; Roh 2017 Frantál and Malý, 2017). For instance, in terms of risk factors, 
Kim et al., in a study of 42 countries, found a shift in public attitude, in particular decreasing levels 
of acceptance towards the use of nuclear power in Japan, Iraq, Egypt, Kenya, Bangladesh, and China 
following the Fukushima accident. In another study, Huang et al. (2013) also affirm the negative 
consequences of the Fukushima accident on public acceptance in China, thereby highlighting risk 
factors as a significant concern. 
As indicated above, there is much more enthusiasm and acceptance in the West than in Asia. 
Although, risks concerns have also meant a few EU countries, including Germany, Switzerland, Italy, 
and France, are following policy directions to reduce dependence on nuclear power in favour of 
renewable energy sources for the long term since the Fukushima incident. Nonetheless, acceptance is 
still high. Wang and Kim (2018) compared the disparities in attitudes towards nuclear energy in 27 
European countries before the Fukushima mishap. The analysis results showed that the perceived 
benefit of nuclear power explained the variance of the acceptance by individuals, followed by 
perceived risk and trust' issues. For instance, the benefits of energy supplied by nuclear power, 
environmentalism, and beliefs aided the acceptance of nuclear power. A critical component of their 
finding study demonstrates that each publics' acceptance of nuclear energy relied on personal beliefs 
and perceptions, in addition to the specificities of institutional and socio-cultural peculiar to each 
nation. Wang and Kim (2018) highlight the variables linked to public and state acceptance of nuclear 
power in the 27 European countries, including the United Kingdom.  
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The UK, Hungary, and Slovakia recently revealed more favourable moves toward nuclear energy. 
The UK has operated 15 reactors, generating 21% of its electricity. In November 2015, the UK 
government expressed policy priorities for UK energy, including much greater reliance on nuclear 
power (Wang and Kim, 2018: 2). The governments nuclear energy priority is further affirmed in the 
UK Energy White Paper ‘Powering our Net Zero Future’ 2020. 
As in other countries where nuclear power is proposed or in operations, the topic has been contentious 
but with overall stable public attitudes in the United Kingdom. As demonstrated above, in the United 
Kingdom, like in most EU countries, there is a generally positive outlook from the public towards 
nuclear power (Corner et al., 2011; Jones et al., 2016, 2019; Venables 2012; Poortinga, 2013), 
although, there are mixed reactions towards the risks and hazard factors especially the implications 
for warfare, environment, and health. In their study on the social acceptance of Fusion in Europe, 
Jones et al. (2019) compared public perceptions in the United Kingdom and Germany. Their findings 
showed acceptance in the UK, although with variance in public opinions in both countries over time. 
Variance in public opinion over time in relation to depleted uranium (DU) is attributed to adverse 
cognitive and affective assessments. However, the negative effect was partly reversed with the 
provision of information regarding the nature and purpose of DU. 'The study findings have clear 
implications for public engagement and communication efforts relating to current and future nuclear 
… projects' (Ibid: 192).  
In relation to fusion energy, an experimental technology that the United Kingdom is considering for 
generating zero-carbon electricity, the 2020 BEIS Public Attitudes Tracker found that around 34% of 
people supported the idea of the UK government developing fusion technology. Only about 5% of 
the public register opposition to the technology. The report shows that 'those who had greater 
knowledge of fusion energy were more likely to support than oppose it. Of those that know a little 
about fusion, 65% support it. Of those that know a lot about fusion, 83% support it'. The findings 
from the report highlight the importance of information in shaping public attitudes. 
 
3.4.2. Public attitude towards Irradiated foods  
Public Reaction towards Irradiated foods: The Swinging Pendulum:  Conflict between those in 
favour of food irradiation technology is as old as the developments in the industry technology with 

Figure 9 The research model 
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food safety a core concern for consumers and other stakeholders in government, technology and 
manufacturing across the globe. The implications for health, economics, and development-related 
issues (Nayga, 1996; Nayga, et al., 2005; Castell-Perez and Moreira 2021) are some of the 
apprehensions widely registered in literature. The challenge is exacerbated by ambiguities and 
inadequate or misleading information on irradiation technologies' apparent hazards and benefits, 
which creates uncertainty, resistance, and protests among consumers (Castell-Perez and Moreira, 
2021: 122). Overall, public attitude appears mixed with the pendulum mostly titled towards 
apprehensions towards irradiation technologies. Theorisations about perceptions, acceptance, and 
objections to such technologies have developed over the years, highlighting the underlying factors 
driving.  
 
The Fear dynamic: Panic and anxieties over the safety and wholesomeness of food are identified in 
the broad literature as a leading cause of resistance and hesitancy towards irradiated foods (Nayga et 
al., 2005; Watanabe and Kawata, 2017; Withwoth et al., 2017). The notion of 'irradiation' has drawn 
public concerns due to misinterpretation of the term as they perceive it as 'something added to the 
food' (Castell-Perez and Moreira, 2021: 122). In terms of the mechanics of irradiation, and even 
though scientific evidence has provenly refuted popular myths, consumers continue to link the 
irradiation process with radiation and the effects of radiotherapy, which is linked to cancer (Daly, 
1989; Alston et al., 1995). Conceivably, the biggest concern over food irradiation is the association 
with nuclear technology. According to Castell-Perez and Moreira, it is the most contentious subject 
in the debate, especially in relation to the hazards that have informed adverse public reactions towards 
the technologies. Essentially, the public views nuclear irradiated foods as polluted and poisonous for 
human consumption. 
 
Information deficit and lack of trust in the food and technology industry: Sequel to the fear 
factor, public food safety hesitancy is also related to levels of trust. In the present case, the literature 
shows distrust in the food industry among consumers. In the past, Castell-Perez and Moreira (2021) 
observed that deficits in awareness and information about irradiated foods and disagreements about 
the labelling of irradiated foods within the industry influenced consumer hesitancies. Low awareness 
about food irradiation is still prevalent, and the consumer's ignorance of the concept is contentious as 
it can expose them to polarisation and misinformation. Research has shown that the presence of 
adequate information about irradiated foods and processes can inform positive customer choices and 
ease tensions (Lima Filho et al., 2017; Finten et al., 2017; Jaeger et al., 2015; Deliza et al., 2010). 
Opposition to the 'information' redress (Frewer et al., 2003; Eden et al., 2008) argue that cultural 
factors, demography, and level of education can also hinder acceptance.  
Consequently, Komolprasert (2016) stated that a mandate exists for all irradiated packaged foods to 
be labelled, including a logo on packages to better inform the public. The only exceptions included 
food prepared and served in hospitals, older people's homes, and restaurants. However, other 
consumers are concerned about irradiated foods and good practices (Castell-Perez and Moreira 2021: 
124). For instance, some consumers perceived the idea of irradiation as 'an end-of-the-line "clean-
up" for a sub-optimal production process'. In other words, they see the irradiation process as a way 
authorities use technology to restore already damaged and contaminated food for public consumption. 
In addition, the effect of irradiation on nutritional elements in food, although proven to be 
insignificant, has been demonstrated as a concern for consumers (Fernandes et al., 2018). Consumers 
also feel suspicion about the perceived benefits of irradiated foods being exclusive to the industry and 
technology (Daly, 1989; Siegrist, 2003; 2008). 
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Cultural Hesitancy Factors: As noted earlier, cultural factors are another stimuli for irradiated food 
resistance. Food has cultural values, which explains the disparities and uniqueness across different 
societies. For instance, Castell-Perez and Moreira assert that some food objects have more moral 
significance than others, 'lime … for Americans, rice for the Chinese, and bread for the Greeks' (127). 
The idea is that values held in different contexts also translate into the preferences for storage, 
processing, consumption and could impact the consumer's attitude and response to industry and 
technology processes. Preferences have been demonstrated (Bearth and Siegrist, 2019; Wormwood 
et al., 2019; Demartini et al., 2019; Faccio and Fovino, 2019) in various environments, including 
conflict and in humanitarian contexts with hesitancies from displaced and migrant communities to 
host community foods. As a result, Zi et al. (2016) posit that establishments across the globe 
considered irradiation of pre-cooked ethnic foods to build connections to stop malnourishment in 
refugee camps. Castell-Perez and Moreira (2021) add outrage as a factor; however, this can be 
conceptualised as an extension of a combination of some of the factors discussed in this section. 
Consumer reaction toward irradiated foods is similar to the response to unnatural food which have 
generated mixed reactions. Verbeke et al . (2015) in their study of public response to cultured meat 
in the United Kindom, Portugal and Belguim found consumers of meat had an initial responses of 
disgust about the perceived unnaturalness. While few benefits of unnatural foods were acknowlged 
by some participants, the personal risks and potential hostile societal implications created 
uncertainties outweighing the benefits. There were also ‘profounder concerns about ‘controllability, 
regulation and labeling’ (Ibid: 49). For Bawa and Anilakumar (2013) although, technologies for 
genetically transforming foods provide some guarantee, particularly for tackling challenges for this 
era, yet as with new technologies, there are associated risks that are familiar and unfamiliar. 
‘Controversies and public concern surrounding GM foods and crops commonly focus on human and 
environmental safety, labelling and consumer choice, intellectual property rights, ethics, food 
security, poverty reduction and environmental conservation’ (Ibid: 1035). Cui and Shoemaker (2018) 
in their study on public perception of GM food in China revealed around 11.9% of the population had 
a positive view, 41.4% neutral and the majority 46.7% had negative reactions. A striking finding 
showed the role of both traditional mainstream media and the Internet for media consumption and 
scientific exposure to information about food. 
A minority of respondents (11.7%) claimed they understood the basic principles of GM technology, 
while most were either “neutral” or “unfamiliar with GM technology”. Most respondents (69.3%) 
obtained their information on GM food through the Internet and 64.3% of respondents thought that 
media coverage was predominately negative on GM food (Cui and Shoemaker 2018: 1). 
 
3.5. Climate and attitudes towards achieving net Zero carbon emissions/ using residual heat 
Overall, the research on public attitudes towards achieving net-zero carbon emissions reveals a 
positive outlook. According to a 2020 Department for Business, Energy, and Industrial Strategy 
(BEIS) report, the public is generally open to switching from natural gas to alternative low-carbon 
heating technologies to mitigate carbon emissions and help reduce the effect of climate change. Yet, 
there is low public awareness of the urgency to change to alternative sources. Research also links 
public preferences to the availability of information about alternative heating sources. In essence, 
public attitudes towards decarbonisation are influenced by their exposure to relevant carbon emission 
information (Madano, 2018). BEIS Public Attitudes Tracker showed 52% public knowledge of 
renewable heating systems, and around 71% of participants were informed about solar thermal panels 
as alternative renewable energy. 'There was significantly lower awareness for biomass boilers, ground 
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source heat pumps, and air source heat pumps at 38%, 33%, and 27% respectively' (BEIS, 2020: 9). 
An initial gap in research the report highlights is a need for more thorough evidence on up-to-date 
levels of engagement. Equally, gaps still exist about the public's attitudes to a low-carbon heat 
transition'. 
 
3.6. Misinformation and Disinformation 
3.6.1. Nuclear power 
The debate about nuclear power has been contentious across the globe, particularly in developed 
nations, yet the impact of nuclear power mis/ information on public attitudes is still limited. The 
specific searches for literature using keywords 'misinformation and nuclear power the United 
Kingdom' and 'disinformation and nuclear power and United Kingdom' return a low representation in 
literature.  This is not surprising. The 2022 Royal Society report (Arguedas et al. 2022), more broadly, 
says that there’s very limited research on public discussion of science (generally) and echo 
chambers/filter bubbles. Although the search returned several thousand results, research papers that 
directly address the issue in the specific context of the United Kingdom were sparse using 'Google 
Scholar'. A similar result surfaced in issue-specific journals searches. The low turnout, particularly 
over the last ten years, leaves a gap in literature understanding the scale and nature of nuclear power 
mis/ disinformation (if any). The perceived paucity of research in this area might not be unconnected 
to the generally positive nuclear power outlook among UK citizens. 
Meanwhile, however sparse, American and Asian theorisations on nuclear mis/ disinformation exist. 
These studies address information disorder emerging in post-nuclear power plant incidents within 
their environments, which suggests that the incentive for information disorder are the perceived risks 
and hazards associated with nuclear power. For instance, Sawano et al. (2019) address fake news and 
social stigma after the Fukushima Nuclear Power Plant incident in which an increase in malignancy 
had been linked to the incident. 'In October 2018, a printed leaflet regarding an increase of malignancy 
after the FDNPP incident was distributed to citizens in Minamisoma city' (Sawano et al. 2019) located 
close to the incident. The claim reported that thyroid cancer and leukaemia had increased 29 and 11 
times, respectively, following the FDNPP case based on a biased interpretation of health insurance 
claims data in the Minamisoma Municipal General Hospital, an example of misinformation.  
Similarly, Jacob (2018) explained that the aftermath of the Fukushima Nuclear incident saw the rise 
of global propaganda emphasising the failure of nuclear energy. For instance, a radioactive pollution 
map describing Tsunami wave height over the Pacific Ocean circulated widely alongside the thyroid 
cancer scenario espoused upon by (Sawano et al., 2019). In addition, propaganda stating the failure 
of nuclear energy was disseminated through social and conventional print and audio-visual medium' 
(Azim et al. 2019). False claims were also made about the effect of high radiation levels on the 
environment, including surveillance robots melting (Middleton 2017), mutations in plants, and the 
emergence of cancerous fish due to the impact of the Fukushima incident (Evon 201; Fanke 2019).  
 
Platform/ drivers of nuclear mis/ disinformation 
A crucial finding in the examples above has to do with the dialectic relations between old and new 
media. In the two examples, mainstream media and new media were implicated as facilitators of 
spreading misleading content. There are continuities from one media to the other. For instance, in the 
thyroid cancer rumour, the biased report from the city officer which initially spread via print within 
the municipality quickly moved from local to a national dimension and subsequently an international 
audience due to the impact of social networking sites and the Internet, 'particularly on Twitter, a major 
SNS' (Sawano et al. 2019).  
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Besides the identified role of mainstream media and online portals providing an opportunity to spread 
nuclear-related misinformation, there are other critical drivers of nuclear misinformation identified 
in the literature. These include the absence of information, i.e., insufficient accumulation of 
fundamental disease Databases (Owen 2019; Sawano, 2018). In addition, shortfalls in relevant 
nuclear radiation knowledge are linked to the spreading of mis/disinformation. 'Another reason for 
spreading incorrect information may be that knowledge regarding radiation still has not reached the 
general public' (Sawano et al. 2019). 
In addition, the role of influencers (broadly construed) is another factor identified. A reasonable 
amount of radiation-related information was shared by twitter' influencers', notwithstanding the 
veracity of the information conveyed (Tsubokura et al. 2018). For example, in the thyroid cancer 
Fukushima misinformation, the misinformation originated from a local council representative 
(Tsubokura et al. 2018; Azim et al., 2019; Sawano et al., 2018; Owen, 2019) before the viral effect 
of social media set it off. The hypothesis is that the more influencers transmit biased information, the 
more exposed the general public becomes. As Sawano et al. (2019) explained, the characteristics of 
biased information, which is often shocking, make it more believed, notwithstanding the absence of 
scientific evidence. More so, as Marie et al. (2020) explained, individual heuristic cues or intuitive 
processes are a key influence. This way, trust, hierarchical loyalties, partisanship, culture, 
preconceived notions, and bias can stimulate acceptance/ resistance in spreading mis/disinformation.  
Intuitive processes can shape how we derive our positions on complex topics such as nuclear power, 
GMOs, or economic policy. We do not typically form judgments on such issues through arduous 
study but instead through the word of others—whether mass media or informal discussions with 
friends, family, or colleagues. Given that it is impossible to assess the accuracy of all claims we 
encounter personally, and that there are immense benefits in trusting others—thereby taking 
advantage of the "division of cognitive labor"—our minds evolved intuitive mechanisms of trust 
calibration that dispose us to trust sources we see as competent and benevolent, and opinions we see 
as being widespread (Ibid. nd) 
 
Correcting nuclear mis/ disinformation 
According to the literature, to tackle nuclear-related mis/ disinformation, the scientific community 
has quickly debunked myths and conspiracies through scientific research published in journals (Azim 
et al. 2019). Yet, as espoused in Sanowa et al. (2018), the gaps in information and knowledge about 
nuclear power represent a particular challenge. Scientific papers do not necessarily reach the average 
person on the streets. The media's (old/ new) role is also crucial since they provide the vehicle for the 
transfer of misleading information. However, the current nature of relations between media firms 
and the scientific community in tackling nuclear mis/ disinformation is unclear. In addition, the last 
decade has seen little discussion about the role of social media/ dis/ misinformation in the EU and 
the United Kingdom.  
 
3.6.2. Climate change and the need to achieve net-zero carbon emissions. 
Climate change is another highly contested topic with several myths and controversies. The subject 
has been contentious within the scientific community, the public, civil society, states, and 
governments across the globe. In some quarters, claims have wholly tagged 'climate change is a hoax' 
(Sharon 2020: 874) which Darner (2019) described as 'science denial'. Climate debates and protests 
are most prominent in developed countries despite prevalent technological advances and scientific 
consensus on climate change. This scenario highlights the scale of the problem, particularly for public 
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attitudes towards environmental policies (Benegal and Scruggs 2018) to achieve net-zero carbon 
emissions. 
Benegal and Scuggs (2018), in their study of American attitudes about climate change, identified two 
factors, ideological polarisation and celebrity endorsement. Also, they argue that American attitudes 
on climate issues are polarised along party lines. 'Climate change is a prime example of an issue 
where partisan disagreements about fact persist' (Ibid: 2192). For instance, some actors assert that 
conservatives are the source of disinformation campaigns (Boussalis and Coan 2016; Dunlap et al. 
2016). Queries about the legitimacy of the science of climate change as described earlier and its 
causes are rife. The scale of the problem is such that 'The amount of misinformation on climate change 
has increased in proportion to the strength of scientific evidence that human greenhouse gas emissions 
are altering the Earth's climate (Lewandowsky et al. 2017: 356). 
 
Platform/ Protagonist of climate mis/ disinformation  
Examining the Climate Change Counter Movement (CCCM) in the United States, McKie (2021) 
identified the Internet's entire ecosystem as an enabler of climate mis/ disinformation. Mckie refers 
to hyperlink networks as some of the key platforms crucial to spreading climate change mis/ 
disinformation. The CCCM is a confluence of groups and people that function through expanding 
financial resources and narratives of power to influence the public and policy non-response to climate 
change. Hyperlink networks provided an avenue 'where climate delaying and obstruction discourse 
can diffuse across countries' (Ibid: 1). Findings reveal that a combination of the USA and non-USA 
actors are operational through hyperlink networks enabled by the Internet. Their exposition highlights 
the Internet as a source of influence, encouraging partisans to form echo chambers across the globe.  
In terms of protagonists of misleading information, they identified a vast network of actors from those 
with partisan interests to those that intuitively believe in the information available to them. The 
network of actors includes the corporate world, the fossil fuel sector and other multinational 
corporations, PR firms, foundations, conservative, libertarian, and partisan think tanks, advocacy 
groups, climate sceptics and contrarian scientists, and the media. (McKie, 2021; Lewandowsky 2017; 
Brulle and Roberts, 2017; Brulle et al 2019; Brulle and Werthman 2021; Busch and Judick 2021; 
Murali 2021). On media platforms (mainstream and social media), polarised arguments explore the 
reality of climate change, the legitimacy or rigour of climate science, and solutions (Jang and Hart 
2015; O'Neill et al. 2015: Stanford et al. 2021).  
Lewandowsky et al. (2017) explained that climate science denial is no longer in the exclusive preserve 
of conspiracy theorists. Government officials in the United States, including the erstwhile president 
Trump, have expressed contradictions of the science. Such misperceptions affect the broader public 
attitudes and behaviour.  
The Internet provides a push, but traditional mainstream media have also been caught up in some 
partisanship. Social media and the Internet are identified as particularly troublesome because of the 
capacity of the platforms to enable myths about climate to resurface year in year out (Lewandowsky 
et al., 2017: 4). They identified blogs as a popular tool among climate sceptics who appear on such 
online platforms. These sceptics are fellows or former senior fellows of counter-movement think 
tanks in disseminating climate delay on this international public platform. Twitter has also served a 
facilitating role in climate debates between activists, sceptics, and more impartial individuals on the 
platform (Williams et al. 2015; Holmberg and Hellsten 2016; Garcia et al. 2019). 
Despite the developments in the literature on the spread of mis/ disinformation in the last decade, 
research gaps still exist. In particular, understanding the nature and extent of information disorder 
of country-specific details in the United Kingdom and Europe, likewise, the attitudes and behaviour 
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of the public towards climate-related mis/ disinformation, particularly within the British context, need 
in-depth considerations. At present, theorisation mostly fall within American interpretations. 
 
3.6.3. Food safety/food scares 
Attitudes and behaviour of consumers towards societal issues are shaped and formed by the 
information they are exposed to daily. Also, such exposures inform the consumer's choice. Media, 
psychological and sociological theories have proven the ties between knowledge and attitudes. 
Although with several benefits for faster and easier communication, the technological revolution has 
created complexities in attaining accurate information with the increasingly growing misinformation 
and disinformation in the digital arena. 
Although food conspiracies, myths, and deception are not new, the assortment of information 
occasioned by the Internet and social media makes information disorder (misinformation/ 
disinformation) more widespread. Literature in this area is still developing. There is a need for future 
research to consider how dis/ misinformation works to increase or undermine the goal of effective 
food risk communication on social media and country/ international perspectives on the impact of 
disinformation campaigns on public attitudes. 
 
3.7. Media Narratives/Discourses 
3.7.1. Nuclear power 
Since the deployment of nuclear technology in the second world war, debates have continued about 
the implication of nuclear weapons proliferation and exploitation by states and organisations on the 
one hand and the benefits for nuclear power, agriculture, engineering, health care, food and the 
environment on the other hand. These debates have been very contentious across the globe and have 
persisted. 'Naturally, such the radically opposing anticipations created a wide demand for information 
and understanding' van (Lente, 2012: 1). As Lente (2012) explains, the media, including films, 
newspapers, magazines, comic strips, novels, exhibitions, cater to the demand, resulting in a cascade 
of real and imaginary accounts in text and images.  
The spread of nuclear power discourse and narratives in the form above has spread across the globe. 
Such messages share commonalities in both the manner of diffusion and content. For instance, as 
Lente explained, the threat of nuclear war has been captured in media narratives since its inception 
and continues today, likewise the contentious purported benefits of nuclear power. Their analysis of 
American, European, and East Asian newspapers and illustrated magazines found that these print 
mediums often reported the same nuclear events. The same images, narratives, and even metaphors 
have been deployed except for media-poor countries (India, rural areas of Africa and Latin America). 
Indeed, contextual national factors and experience played a role in the availability and interpretation 
of information.  
 
Between Risks and Progressive Frames 
In examining the Vermont Yankee nuclear power plant in the United States, Watt and Maddison 
(2012) examined 8-year media discourse from the Associated Press State and Local Wire service and 
found a predominance of conflicting media narratives. Mainly, anti-nuclear media discourse 
increased, promoting nuclear power plants as archaic, unsafe, and run by deceitful establishments. 
Conversely, while media discourses favoured nuclear power, it had decreased within the timeframe. 
The changes in media sentiments directly impacted public attitudes and, consequently, policy. 
Similarly, the post-Fukushima disaster period saw a global campaign involving both factual and 
fictional media discourse reviving the public's consciousness about the risks associated with nuclear 
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power in America, Japan, and across Europe, Germany, Italy, France, including the United Kingdom 
(Renzi et al., 2017; Hasegawa, 2012; Ikegami, 2012; Rieu, 2013). Drawing on Slovic et al.'s (2000) 
psychometric work, Renzi et al. (2017) theorise that frames such as 'dangerous,' 'danger,' 'death', and 
'pollution' emerged as leading connotations of nuclear technologies. 
In the specific context of the United Kingdom, Renzi et al. (2017) examined metaphorical media 
accounts of nuclear power in UK newspapers. They identified media metaphors in their selected 
media sources that fell into three classifications: 'Rebirth (Renaissance), Devastation (Apocalypse, 
Inferno, Genie, and Bomb) and Sickness (Addiction and Smoking)' (Ibid: 632). From their 
assessment, renaissance surfaced as the most used metaphor (258 occurrences) in media discourse 
about nuclear power. This type of media narrative was symbolic of the positive benefits of nuclear 
power. 'Suggests … nuclear energy will help humanity …will be available for others to enjoy in the 
future, keeping our biological systems diverse and productive and advanced. Nuclear power, seen as 
a form of renaissance, twins rebirth with reinvention in energy production—the second age of nuclear 
renewal' (Ibid: 632). Apocalypse emerged as the second most deployed metaphor with 24 
occurrences, followed by 'bomb' with 21 and other frames that had insignificant counts. The wide 
margin between the three metaphors is indicative of the generally positive reception of the United 
Kingdom towards nuclear power. On the other hand, apocalypse and bomb frames depict the 
negatives, hazards, and risks associated with nuclear power, although with much lower intensity in 
the period under examination. 
In an Italian study of media coverage of nuclear power in Italy from 1992–2012, Neresini and 
Lorenzet (2017) conducted a content analysis of media discourse in newspapers, blogs, and forums. 
They found a significant correlation between the media discourse and the frame of 'risk' with 
consequences for public antagonism towards nuclear power in Italy. Coincidentally nuclear power-
related events have contributed to media discourse reigniting the perceived risks of nuclear power. 
For instance, Neresini and Lorenzet argue that ', another tragedy radically influenced the discussion: 
in March 2011, the accident at the Fukushima plant in Japan brought again to the attention of global 
public opinion the risk of the nuclear option' (Ibid: 174). Incidents of this nature with a shocking 
effect attract significant public interest and impetus for the media agenda.  
As with other countries examined above, in Poland, media discourse and narratives on nuclear power 
influenced how the subject was discoursed more broadly (Wagner et al. 2016: 162). In terms of media 
discourse, they argue that the idea of 'civilisational progress', which has a historical alignment, is 
persisting. Essentially, the argument promoted in this narrative frames nuclear power as a progressive 
idea (technological development and economic growth). Yet, 'risk remains a keyword in energy 
discourse, albeit in a different way than previously. It remains in the field of technology; but no longer 
refers to human health; or even the natural environment; but rather to the risk of blackout' (Ibid: 162). 
Instead, dependence on political support and Germany's power dependence is identified as the most 
considerable risk. Nonetheless, nuclear power for energy is depicted as the means to guarantee 
economic development and net-zero carbon emissions reductions. Interestingly, from their explosion 
of media discourse on nuclear power, media discourse is somewhat intertwined with opinions of 
authorities in government, think tanks, and scientific expertise with varying degrees of influence. 
Social media discourse and narratives on nuclear power are crucial given the current digital area 
affordances in the last decade. According to Li et al. (2016), of all the online tools, Twitter offers an 
exclusive platform to examine natural and honest sentiments of networked communities, including 
on topics of nuclear power. More so, Twitter is popular among net citizens following science news, 
and 'content 'tweeted' by traditional media and to receive user-generated information directly from 
scientists or key stakeholders' (Ibid: 1). Research on nexus between technology, science, and key 
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stakeholders corroborate the assertions on the role of social media and other online platforms as 
windows of opportunity into scientific narratives and discourses (Bik and Goldstein, 2013; 
Osterrieder, 2013; Liang et al. 2014; Cha et al., 2012; Papacharissi and Fatima Oliveira, 2012). In 
their evaluation of Twitter discourse, Li et al. (2017) found 'risks' as an issue prevalent within 
community framing on the platform, tied to geographical proximity to the Japanese Fukushima 
incident. The presumption is that sentiments of risks grew cities closest to the Japanese incident with 
particular concerns about the spread of radiation. Essentially, their findings highlight how groups of 
individuals and stakeholders are deploying social media and corresponding digital tools to set the 
agenda for the environmental and health risks of nuclear power. 
By contrast, Chinese media discourse takes a more pro-nuclear narrative indicating a progressive 
framing. In their study of media coverage and government policy on nuclear power, Wang et al. 
(2014) examined two leading Chinese newspapers between 2004 and 2013. They argue that the two 
newspapers mainly represented pro-nuclear or informational sentiments on the subject. There were 
rarely anti-nuclear opinions expressed or published. The narratives in the media were often fixated 
on the environmental benefits and safety of nuclear power, which ties to the Chinese government 
policy position. Essentially, 'these findings indicate that the mainstream news coverage of nuclear 
power is highly consistent with the Chinese government's pro-nuclear policies, which suggests that 
the government had a significant impact on the content reported by the mainstream media in China' 
(Ibid: 214). Perhaps, this is symbolic of countries with high hegemony over the media. Mainstream 
media discourse provided an avenue for the state to control popular narratives and shape public 
opinion. 
It is noteworthy to state that research on media discourse and narratives about nuclear power is 
developing with gaps to fill, particularly in empirical studies looking at discourse in social media and 
other online media paraphernalia. There is also room for methodological and experimental studies to 
explore machine learning and algorithmic approaches to identifying popular sentiments on digital 
platforms where honest individual and community opinions, attitudes, and behaviors are formed and 
shaped about nuclear power and government policies about the subject in the current digital arena. 
Current studies across multiple countries show similar ideas, messages, and discourses that highlight 
a division between risk issues and progressive themes.  
 
3.7.2. Food safety/food scares 
The media (old and new have served as the theatre of information about goods and services in society, 
offering representations of both benefits and risks. The role of the media is crucial, especially for 
bridging trust gaps between customers and manufacturers in the food industry. It is also important for 
food safety. Consequently, the method in which food safety issues are constructed is crucial for public 
perception and public attitudes towards food, producers, and relevant authorities. As a result, 
Henderson et al. (2014) argue that the media may add to community anxiety about food risk. They 
found that food scare or risk stories are considered newsworthy among food bloggers, editors, and 
journalists. As such, the media take particular interest in reporting on such incidents. For instance, 
the more risk personalised and the more innocent the victims of a food incident, the higher the 
newsworthiness.  
 
Moral panic, sensationalism and emotive narratives 
Howarth (2012) examined moral panic and risk discourses and how they converge in media using 
GM foods which entered the UK market in 1996. Looking at media discourse in 112 editorials and 
news articles, he found that the introduction of GM foods created significant reactions in the media 



 52 

and public domain. Particularly noteworthy is the theorisation of how media discourse and narratives 
around the novel food shaped public perceptions and attitudes at the time. In this case, the media 
engaged both moral panic and risk-type narratives in what Howarth described as a superstorm of 
sustained media coverage that converged in extremely affective and equally reinforcing ways. 'Moral 
threat' and 'unknown' side effects of genetically modified food were aided in media discourse backed 
by political and experts and common sense leading to the legitimatising of affective tags like 
'Frankenstein foods'. On the other hand, the risk and moral discourse increased apprehension, social 
instability, and the prospect for resistance. 
In another study looking at the online version of Daily Mail, participants identified 'uncertainties' in 
media messages leading to dwindling trust levels in relation to food scares and risks. According to 
Ward et al. (2012), the overall perspective among participants showed that information reporting food 
scares and risks was both lacking in evidence and prone to sensationalism leading to scepticism 
among consumers. The note on sensationalism echoes Howarth's argument about emotive narrative 
in reporting food scares and risks. Similarly, Tiozzo et al. (2019) examined media coverage of food 
risks in Italy and made a case for media sensationalism. According to them, 'the media were 
functioning conveying alarmist messages rather than informing and mitigating risks' (Tiozzo et al. 
2019: 2843). In another study, Leroy et al. (2018), in their research on mass media, health and disease, 
found that most media reports (52%) linked meat to disease while around 35% promoted meat as a 
requirement for health. Another 13% tried to offer a balance (positive and negatives). Despite the 
disparities, media reports were backed by some scientific expertise. Consequently, it can be argued 
that media discourse and narratives are symbolic of the scientific divergence existent in the science 
and food industry. 'In the absence of a Grand Narrative,  a variety of discourses by scientific experts, 
industrial spokesmen, celebrities, opinion makers, food writers, health gurus, and ordinary members 
of the public was shown to lead to an overwhelmingly incoherent and contradictory corpus' (Ibid: 
343).   
Feuntes and Feuntes (2015) considered media discourse around a 2009 Swedish food scare involving 
the reporting of maltreatment of pigs. The scandal enjoyed significant media coverage, culminating 
in debates about meat consumption. They argue that media reports create numerous conflicting risks, 
with consumers left to manage and decipher the risk, albeit with some guidance. Narrative frames 
used in media discourse, in this case, include 'injustice', 'nationalism', and 'betrayal'. Their findings 
show how the amalgamation of conflicting risks reports and conflicting recommendations increases 
consumer apprehensions. Their finding echoes Sarathchandra and Eyck 2013 argument that many 
risk accounts lead to diverse representations of food risks. Accordingly, the media reports of the 
scandal thus did not inform consumers of food risk in any straightforward way (Feuntes and Feuntes 
2015: 83). The divergence creates consumer uncertainties.  
For Abbots and Coles (2013), in their examination of the Horsemeat scandal, they argue that the 
discourses that inform and reflect our understandings of foods—as well as the political, the economic, 
the material, social, and the cultural machinations that comprise our compendium of food systems—
are the things that are fraught' (Ibid: 536). In the Horsemeat scandal, moral and risk discourses were 
reflected in media using specific frames bordering on the consumption' dangers —bodily, socially, 
culturally and morally—of eating cheap meat', which they argue were explicitly evoked during the 
incident. The consumer is blamed rather than the producers and relevant authorities. However, 'this 
does not excuse these corporate actors… but rather has resulted in a mainstream media depiction of 
the global "food system" as a beast created to fulfil a consumer-led demand for cheap, processed meat 
products' (Ibid: 543).  
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Despite a growing media discourse, literature on food scares, and risks, there are gaps in research 
examining the impact of media narrative on public attitudes, particularly concerning social media. 
Media convergence and the turn to social media and other online media paraphernalia are altering 
how media actors engage with consumers, likewise the scientific community. Interaction is more 
direct, immediate with multiple entry points. But there are also concerns about the potential for risk 
and food scare information to become more polarised on social media due to the platform's 
democratisation (Natalia and Monica 2013). Henderson et al. (2017) argue that the prevailing Fear 
has to do with the loss of information control and sensationalism despite evidence showing media 
actors deploying social media to detect food stories, sources, and public attitude and writing news 
stories. However, research in this area is still limited.  
In the meantime, food scare and risk media discourse are linked to sensationalism, emotive or 
affective narratives, and media amplification or over-amplification of the issue. In addition, other 
socio-cultural, political, and economic factors are tied to media discourse and narratives that perhaps 
are contextual. 
 
3.7.3. Climate change and the need to achieve net-zero carbon emissions. 
Climate change media discourse has manifested in various media forms, from linguistic articulations 
covering and reporting on the core issues to visualisations that evoke public contextual, cultural and 
political interpretations. O'Neill and Smith (2014) examined climate change discourse and narrative 
visual representations across various media and public engagement. In their review of visual analysis 
and depictions across different western countries, they found the presence of vast visual 
representations in the United States and the United Kingdom, Australia, Canada, and Germany. The 
impact of climate change accounted for most of the graphical representations with little or no address 
for mitigation. For instance, visual coverage of polar or ice imagery was found in the United Kingdom 
media. They also identified personification of climate change in the visual representation in which 
images of key actors in government, civil society, celebrities, and science are widely deployed in 
media depictions. Finally, they identified time, truth, and power as dominant narratives in the visual 
representations.  
The execution of visual representation differs between media types. For instance, broadsheets and 
tabloids have been shown to depict the issues differently. 'In UK newspapers … broadsheet 
newspapers were more likely to depict climate impacts and use graphical representations than tabloid 
newspapers. However, tabloid newspapers were more likely to feature images of people' (Ibid: 77). 
Besides, dramatic footage is famous in media representations to evoke strong sentiments and 
subjective interpretations. For instance, Christensen et al. (2013) show how the coverage of sea-ice 
decline has been depicted through dramatic images of polar bears on leftover sea-ice and footage of 
calving glaciers. This type of representation makes a statement about the impact of climate change 
and have been deployed by scientist and environmental organisations as tools to create awareness.   
Generally, media coverage of climate change reporting agrees there is a consensus about the 
problem's existence despite denialism and scepticism in some quarters. Bruggemann and Engesser 
(2017) explained that climate change consensus is the recognised master frame in the climate debate 
as exemplified by prominent media outlets in different countries. According to them, the broader 
disagreements and contrarian discourse haven't impacted media reporting about the risks of climate 
change and the need to reduce emissions. Contrarian voices are still reflected in media coverage, 
particularly in the United States and the United Kingdom, however, by what they 'active 
contextualisation and evaluation'. This way, the journalists engage more with interpretive journalistic 
values than the traditional concept of 'balance' or objectivity. This allows journalists to contextualise 
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the opinions expressed by different parties in reporting partisan views on climate issues. However, 
ideological bias can significantly shape the news, especially where a commissioning editor, 
columnist, or journalist holds preconceived ties to climate scepticism. In addition, media reporting of 
contrarian views appeals to partisan spectators and increases polarised debate on climate change. 
Research is developing in this area with interests, particularly in new media and social media. Most 
media discourse about climate issues focuses on print media narratives and primarily within western 
theorisation. However, a broader global investigation is starting to emerge (Pearce et al., 2015: 615). 
For example, Schmidt et al. (2013) examined an appraisal of 27 countries. Their study showed that 
climate change coverage increased in all countries between 1996 and 2010. Beyond 2010, more 
comparative and country-focused reports on climate change have continued with political advocacy 
for climate policy taking centre stage compared with scepticism elsewhere like in the US. Generally, 
UK newspapers are portrayed as generally agreeing with the science of climate change, the issues 
and solutions being discussed. By contrast, there are divisions among newspapers, their proprietors, 
and other media actors in the US. Climate change is perhaps one of America's significantly polarised 
subjects cutting across the political and scientific spectrum and broader civil society.  
With continuing mainstream media climate discourse, the digital media environment is expanding 
the space with new players and actors. In addition to media actors, climate scientists are increasingly 
directly engaging various stakeholders, including their contemporaries, activists, and the public, 
through blogs, Twitter, and other social media platforms. Studies in this area are still developing, 
particularly those addressing reductions in carbon emissions and broader climate discourse and how 
media discourse is shaped within online platforms, the interactions emerging, and the public's 
attitudes. 
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Appendix:  
 
 
 

Possible contacts from the communications perspective 

Food Industry representatives  Supermarkets, Horticulturalists/ Aquaculturist/ 
greenhouse systems/ livestock shelters/ food 
processing facilities 

Media Actors Journalists/ Media PR 
Relevant Health Representatives  Nuclear residual services  
Energy Experts  Scientific advisers, researchers, Media Team 

i.e. (Department of Energy and Climate Change 
DECC Media Team) 

Relevant Political representatives Politicians Department of Energy and Climate 
Change DECC Business and Energy Secretary 
/The Rt Hon Greg Hands MP 
Department of Health  

Industry actors Association of Renewable and Clean 
Technology, Energy UK, Renewable UK 

Researchers  The Horticulturalist 
Public  Potential customers/ consumers residents/ 

localities of nuclear power stations 
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4. Survey Results 
Given the absence of research into our specific area, we developed a pilot study to trial a survey to 
identify some of the communicative dimensions. A survey was completed (through Prolific) by 189 
respondents representing a cross section of the UK population. Given our limited budget, it was 
weighted towards younger and older adults on the basis that this would likely capture divergent 
experiences of media consumption and information exposure (for instance most younger people get 
their news and information via social media where false information proliferates). Questions were 
asked about their attitudes towards: Climate change and net zero, nuclear power, irradiated food, and 
using residual heat from nuclear power generation and other sources to heat greenhouses. 
 
4.1. In general, there was a positive attitude to nuclear power and using its residual heat for 
greenhouse heating to grow food. When presented with a number of potential concerns about this 
scenario, more disagreed than agreed with them (see Table 5).  In terms of our sample’s concerns 
about the re-use of nuclear power residual heat to heat greenhouses to grow food, we asked if they 
would be concerned that this could produce irradiated food, that food might be damaged, less 
nutritious, contaminated, or unsafe for human consumption. Although the majority of respondents 
tended to or strongly believed that none of these scenarios were causes for concern, there was a small 
minority who were concerned, and a larger minority who neither agreed or disagreed that they would 
be concerned. This is the segment of people that would be responsive to false information, and 
negative media discourses, with contamination and safety being the fear that could be most exploited 
by disinformation campaigns and sensational or critical media coverage.  
 
Table 5 Concerns about using nuclear power residual heat for greenhouse heating to grow food  
Agree 
younger 

Agree 
older 

Concern Disagree 
younger 

Disagree 
older 

18% 15% It could produce irradiated food 
 

41% 56% 

26% 17% It might damage the food and make it less 
nutritious 

41% 64% 

34% 22% It might contaminate the food and make it 
unsafe for human consumption 

45% 62% 

12% 17% I am against nuclear power in general 52% 60% 
     

 
 
4.2. On the concern that it could produce irradiated food, that only a small minority are concerned 
about this is promising. However, it must be read in the context that, in our survey, most people were 
not aware of irradiated food (80% of younger people and 53% of older people were not aware of it). 
A disinformation campaign could therefore be impactful. Furthermore, half of young people (50%) 
and over a third (39%) of older people were concerned that irradiated food might be unsafe to eat; 
and half of young people (49%) and over two fifths (41%) of older people were concerned that 
irradiated food is less nutritious than non-irradiated food. Should a (false) link between irradiated 
food and our proposed greenhouse heating solution be made, it could trigger widespread concern 
about the safety and wholesomeness of the food grown. 
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4.3. When presented with a number of potential benefits from the scenario of using nuclear power 
residual heat for greenhouse heating to grow food, more agreed than disagreed with them (see Table 
6): (the one exception was older people, the majority of whom disagreed with the benefit that it would 
help reduce carbon emissions from heating greenhouses with fossil fuels). Of all the benefits 
presented, people are most comfortable with the scenario because it is a form of recycling. 
 
4.4. Table 6 Comfortable with using nuclear power residual heat for greenhouse heating to grow 
food  
Agree 
younger 

Agree 
older 

Concern Disagree 
younger 

Disagree 
older 

61% 16% It would help reduce carbon emissions from 
heating greenhouses with fossil fuels 

7% 64% 

69% 76% It would help reduce carbon emissions from 
importing food from abroad 

8% 8% 

62% 53% it would make food cheaper to buy 24% 14% 
74% 76% it is a form of recycling. 4% 6% 
39% 40% I am in favour of nuclear power in general 21% 26% 

 
 
4.5. Most of the respondents believed that humans were responsible for climate change (88% of 
younger people and 89% of older people hold this belief). Over three quarters of younger people 
(76%) and over fourth fifth of older people (83%) were aware of the aim of Net Zero and think that 
it is urgent (86% of younger people and 87% of older people).  
 
 
4.6. The environmental benefits (reduced carbon emissions and recycling) were rated more 
important than economic benefits (lower priced food).  
 
 
4.7. Most responded that they would be willing to eat produce grown in nuclear residual heated 
greenhouses, and greenhouses heated using other residual heat sources. More than 50% were 
positive to nuclear power, (as well as to wastewater, industrial scale bakeries, biomass boilers, and 
gas fired power stations), whilst numbers for oil refineries, steel making factories and chemical 
production plants were between 30 and 50 % (see Table 7). The figure of over 50% for nuclear power 
residual heat suggests that our proposed solution is likely to be acceptable to a small majority, and 
hence is worth exploring. However, with a large minority not positive, the issue is ripe for a conflict 
over values, feelings and facts, and a careful communications plan segmented towards target 
audiences would be needed to accompany any such proposed solution.   
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4.8. Qualitative analysis of 189 free text responses indicated that the majority were either positive 
or neutral in responding to the scenario  of using residual heat from nuclear power (Figure 10). Of 
the eight negative responses (4%), three were opposed to nuclear power, three voiced concerns about 
risk, one had management concerns and one had logistical concerns. 

 

 
Figure 10. Percentage of positive, negative or neutral responses to scenario that residual heat from 
nuclear electricity production could be diverted for useful purposes, for example heating greenhouses 
 
 
4.9. The survey was completed in a small representative sample and so replication in a larger 
sample is needed, where the impact of different attributes (e.g. age, gender, socio-economic, location, 
etc) could be assessed to identify factors which may provide a wider understanding of attitudes of 
different sectors of society in the UK. 
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4.10. Building on the Survey  
Deploying the pilot survey helped to learn how to phrase technically complex, multi-disciplinary and 
potentially value-laden questions in a simple way that is as neutral as possible. It also alerted us to 
the importance of understanding exactly what variable we were hoping to gain insights on (e.g trust; 
risk-based values; false beliefs). It also showed us what further aspects of the research are needed (eg 
qualitative insights into why people hold their views, as well as the broader pattern at a national level). 
Our planned grant proposal will consider these factors carefully to decide what the core focus should 
be, in terms of understanding the inherently complex communicative dimension. 
 
 
 


