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KEY MESSAGES
Fossil fuels are the lifeblood of the food industry. 
They are deeply embedded in every part of the 
food chain – accounting for at least 15% of total 
fossil fuel use globally – and their use in food systems 
is accelerating. As fossil fuel extraction continues 
to expand, and decarbonization strategies focus 
on energy and transport, the oil and gas industry is 
increasingly turning to petrochemicals – particularly 
agrochemicals and plastic food packaging – as its next 
growth frontier. Global governments agreed at COP28 
to “transition away from fossil fuels,” yet action on 
food systems is missing.

Fossil-based fertilizers and plastic food packaging 
have become critical lifelines for oil and gas 
companies, offering a new way to keep fossil fuels 
flowing even as other sectors begin to decarbonize. 
Ultra-processed foods are the ultimate expression of 
fossil-fueled food systems – born from commodity 
crops produced with fossil-based agrochemicals, 
harvested with fossil-fueled machinery, shaped by 
energy-intensive industrial processing, wrapped in 
layers of plastic packaging, and shipped around  
the world.

At the same time, major agribusiness corporations 
are aggressively pushing solutions that 
only deepen dependency on fossil fuels and 
agrochemicals while introducing new environmental 
and public health risks. Meanwhile major food 
corporations are actively working to block or weaken 
environmental and public health policies aimed  
at reducing plastic use and curbing  
ultra-processed foods.

We can’t tackle climate change unless we get fossil 
fuels out of food systems, yet this remains a major 
blind spot in climate and food policy debates.

Key findings from the report include:

• 40% of all global petrochemicals are consumed 
by food systems, mainly in the form of synthetic 
fertilizers and plastic packaging for food  
and beverages.

• One-third of all petrochemicals go toward producing 
synthetic nitrogen fertilizers, making them the single 
biggest fossil fuel consumer in agriculture.

• 99% of synthetic nitrogen fertilizers and pesticides 
are derived from fossil fuels.

• Fossil fuel-dependent food systems are dangerously 
vulnerable to price shocks, with spikes in the price 
of oil and gas triggering surges in fertilizer and food 
prices – putting millions at risk of hunger.

• At least 3.5% of global plastics are used in food 
production, and 10% in food and drink packaging.

• While food transportation relies on fossil fuels, its 
role is relatively small compared to the broader 
fossil fuel footprint of food systems, and it is  
rapidly electrifying.

• Industry-promoted ‘blue’ ammonia fertilizers, 
‘synthetic biology’ approaches, and high-tech, digital 
farming tools are expensive, energy-intensive, and 
risk keeping food systems tethered to fossil fuels 
and farmers dependent on agrochemicals.

• These technologies are controlled by a handful 
of powerful corporations, locking farmers into 
industrial monoculture systems, and deepening 
existing power imbalances in food systems.

Food systems are a critical front in the fight 
against fossil fuels. To break industrial food’s fossil 
fuel addiction, we must phase out agrochemicals, and 
scale up agroecological farming, local food supply 
chains, and healthy food environments. This transition 
is already underway, and if accelerated, it can  
deliver healthier, more just and climate-resilient  
food systems.

What it will take to get fossil fuels out of  
food systems:

• Advance a just energy transition that expands and 
equitably distributes renewable energy;

• Phase out agrochemicals and promote 
agroecological farming; 

• Rebuild local food supply chains;

• Reduce plastic by scaling up reuse systems and 
holding corporations accountable;

• Cut ultra-processed food consumption and expand 
healthy food access;

• Eliminate food waste and scale up clean  
and electric cooking;

• Rein in corporate power and democratize food 
systems governance.
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Introduction: The limits of the 
solutions on the table
For years, the climate impact of our food systems 
has been widely recognized and is now impossible to 
ignore. It is now well established that food systems are 
responsible for roughly one-third of global greenhouse 
gas emissions (GHGs). Agriculture and associated 
land-use changes account for the lion’s share of these 
emissions and a quarter of total global GHG emissions, 
mostly through land conversion to high chemical input 
and resource-intensive commodity crop production 
systems, as well as the destruction of forests for cattle 
pastures. 1,i  The production and use of synthetic 
nitrogen fertilizers alone is responsible for roughly 2% 
of global GHGs.2

While the emissions produced by food systems are 
now being recognized, far less attention is paid to 
the fossil fuels that go into food systems. In its 2023 
Power Shift report, the Global Alliance for the Future of 
Food estimated that food systems account for at least 
15% of total fossil fuel use.3,ii  

This figure already exceeds a number of industrial 
sectors, and is set to grow. For example, the steel 
industry consumes 8% of global energy (mainly coal),4  
while the paper and mining industries consume 6%5  
and 1.7%6  of global energy, respectively.

Fossil fuels are, in fact, deeply embedded in every part 
of the food chain – from agrochemicals and plastic 
packaging to energy-intensive food processing and 
the fuel that powers our stoves. And current national 
and international policies and funding structures serve 
to lock in high fossil fuel use and chemical-intensive 
farming. Direct annual subsidies for coal, oil, and fossil 
(‘natural’) gas have surged to USD 2 trillion,7  while over 
USD 540 billion are allocated each year to agricultural 
subsidies, primarily supporting chemical-intensive 
commodity crop production (see Box 1).8 

i Emissions from agriculture include aquaculture, agriculture, and emissions from inputs such as fertilizers. Land-use change emissions  
 include deforestation, soil, and peatland degradation.

ii Based on data from a number of countries, but estimates do not cover all sources of fossil fuel use in food systems and fail to include  
 major sources such as input manufacturing (fertilizers, pesticides) or machinery production.
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BOX 1
THE COST OF HARMFUL FOSSIL FUEL AND FARMING SUBSIDIES

Fossil fuel prices fail to reflect the enormous environmental and social costs they incur. Indeed, fossil 
fuels are often subsidized and incentivized by governments, rather than being taxed in line with the 
negative costs they generate. Annual subsidies, both direct and indirect, for coal, oil, and fossil gas 
keep increasing and have reached USD 7 trillion – 7.1% of global GDP.9 This amount exceeds annual 
government spending on education and equals about two-thirds of healthcare expenditures. In 2024, 
USD 2 trillion were handed out as direct subsidies, and the remaining USD 5 trillion were calculated 
to be the costs to society, such as air pollution, oil spills, and environmental damages. This number 
would nearly double if climate change-related harms were valued at levels suggested in the most 
recent scientific research.10 All of this persists despite the fact that 197 countries signed on to phase out 
“inefficient” fossil fuel subsidies at the 2021 Climate COP in Glasgow.11  

Meanwhile, nearly 90% of the USD 540 billion spent annually on agricultural subsidies harms both 
people and the planet by supporting chemical-intensive commodity crop production.12  Much of this 
funding comes in the form of price protections and payments tied to specific commodity crops or 
farming inputs, reinforcing unsustainable practices. Fertilizer subsidies, in particular, promote overuse 
and have contributed to up to 17% of all nitrogen pollution in water over the past 30 years.13  

FIGURE 1

FOOD SYSTEMS CONSUME 15% OF GLOBAL FOSSIL FUELS

Source: Global Alliance for the Future of Food. (2023). Power shift: Why we need to wean industrial food systems off fossil fuel.
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Fossil fuels are embedded in almost 
all of the inputs that are going into 
industrial food and farming today.
Jennifer Clapp 
Fuel to Fork podcast

14,15  In response, they are turning to petrochemicals, 
particularly fertilizers and plastics, as a key outlet for 
excess supply.16,17

Fertilizers and plastics, which together account 
for 74% of petrochemical production, are fast 
becoming pillars of fossil fuel companies’ growth 
strategies.18,19  Oil is increasingly funneled into plastic 
production, while fossil gas is channeled into ammonia 
manufacturing for synthetic fertilizers. In food systems 
alone, the footprint is substantial: about 3.5% of 
plastics are used in food production and 10.4% are 
used in food and drink packaging, according to  
the FAO.20

Moreover, one-third of all petrochemicals (34%) are 
used for synthetic nitrogen fertilizer production.21  
Taken together, this means that roughly 40% of global 
petrochemicals are consumed by food systems  
(see Figure 2).  

Most worryingly, our food systems are becoming more 
deeply locked into fossil fuel dependence. The clean 
energy transition is slowing demand for dirty fuels 
globally, but oil and gas production continues to surge, 
leaving fossil fuel companies with a supply glut. 

An estimated 40%* of global petrochemicals are used in food systems – primarily as synthetic fertilizers on farms and as 
plastics in food and beverage packaging. 

Source: Levi, P. G., & Cullen, J. M. (2018). Mapping global flows of chemicals: from fossil fuel feedstocks to chemical products. Environmental 
Science & Technology, 52(4), 1725–1734.

FAO. (2021) Assessment of agricultural plastics and their sustainability – A call for action.

* Plastic use estimates are based on FAO calculations using limited global data and broad regional assumptions. The figures exclude plastics 
used in storage, processing, transport, and distribution, and likely underestimate total plastic use in food and drink packaging. As such, they 
should be considered a conservative estimate of the sector’s plastic footprint.

FIGURE 2

FOOD SYSTEMS EAT UP 40% OF GLOBAL PETROCHEMICALS
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Yet despite their centrality to oil and gas markets, 
petrochemicals remain one of the major “blind spots” 
in global climate and energy debates, receiving far 
less scrutiny due to their complexity and diversity.22  
This lack of attention conceals the reality that 
petrochemicals are on track to become the single 
largest driver of oil demand growth, accounting for 
over a third of growth through 2030, and nearly half 
by 2050, surpassing the transport sector.23  If left 
unchecked, petrochemical expansion – fueled by rising 
plastic and fertilizer production – will lock in decades 
of fossil fuel dependency, undermining efforts to 
decarbonize food systems and the broader economy.

Fossil fuel-dependent food systems are highly 
exposed to economic turbulence. 

Fossil fuel price spikes can cause a cascade of cost 
increases from energy (on-farm and along the food 
chain), to fertilizer, to food (see Figure 3). 

Acute spikes in fertilizer, food, and energy prices 
occurred in the wake of COVID-19 and the Russian 
invasion of Ukraine.  

This price volatility has clearly been exacerbated by 
financial speculation and agribusiness profiteering – in 
a context of unprecedented corporate concentration 
across agri-food chains.24,25,26

FIGURE 3

FOOD, FERTILIZER, AND FOSSIL ENERGY PRICES ARE DEEPLY INTERLINKED

Source: Levi, IMF Primary Commodity Price Index.
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Agrochemicals are fossil fuels in 
another form. And that makes our 
food system vulnerable to fossil 
price shocks – and to authoritarian 
regimes that control supply.
Lisa Tostado 
Fuel to Fork podcast
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The food on our plates, therefore, has a major 
climate footprint and is linked to a broader set of 
environmental and social harms arising from the 
extraction and use of fossil fuels. At the 2023 climate 
summit in Dubai, COP28, governments unanimously 
agreed on “transitioning away from fossil fuels in 
energy systems, in a just, orderly and equitable manner, 
accelerating action in this critical decade.” 27 Food 
systems were left out of this agreement, but are clearly 
a major part of the challenge. 

Further, fossil fuel dependencies are a component 
of a food system that is failing more broadly. It is 
increasingly recognized that today’s industrial food 
systems are deeply unsustainable and inequitable. 
A huge plethora of scientists, civil society groups, 
and international bodies are calling for a paradigm 
shift, and a ‘food system transformation’ – requiring 
comprehensive strategies to tackle the worsening 
challenges of climate change, biodiversity loss, hunger, 
and poverty together.28,29 

Around the world, farmers, communities, food 
businesses, and governments (including local and 
regional authorities) are working to redesign and 
rethink food systems in fundamental ways. These 
include phasing out agrochemicals and transitioning 
to agroecological farming practices, re-localizing food 
supply chains, and deploying integrated policies to 
foster healthy, sustainable diets. Recent supply chain 
shocks and rampant food and fuel price inflation have 
galvanized this movement.  

Considering the ubiquity of fossil fuels along the food 
chain brings into stark relief the systemic nature of the 
changes that are needed.  
Arguably, today’s fossil-intensive industrial 
food systems cannot be tweaked or ‘fixed’:  the 
challenges are so vast and the power imbalances 
so great, that only changes of a more fundamental 
nature – changes that remake food systems and 
redistribute power – will do.

As these transformative approaches gather steam, 
incremental approaches are also advancing with a 
view to substituting out fossil fuels at select points 
in the chain (e.g., by electrifying kitchens and food 
transportation), bringing major opportunities, as well 
as challenges and trade-offs. Alongside these steps, 
a number of more ‘disruptive’ agribusiness-led, high-
tech fixes are being developed, rolled out, and touted 
as solutions to enhance the sustainability of food 
systems – including new forms of synthetic nitrogen 
fertilizers (so-called ‘blue’ and ‘green’ ammonia 
fertilizers) and genetically engineered ‘biologicals’  
and ‘microbials’.

A number of these high-tech approaches are already 
being rapidly rolled out despite a number of risks and 
major question marks about whether they actually 
reduce or reinforce fossil fuel dependencies, and 
what they mean in terms of the broader challenge of 
building more sustainable and equitable food systems.

In 2024, IPES-Food joined forces with the Global 
Alliance for the Future of Food and TABLE to take 
forward the challenge of exposing the fossil fuels 
in our food through the Fuel to Fork podcast series. 
This report distills key insights from the podcast and 
takes them further. Moving through the food chain, 
we identify the various ways in which food system 
activities have become dependent on fossil fuels, and 
what can be done to reduce and ultimately remove 
fossil fuels from food systems.

Plastics and fertilizers together 
account for three-quarters of all 
petrochemicals produced, and 
they're major drivers of fossil fuel 
growth. We cannot take our eye off 
this huge growth area that big oil 
has set its sights on.
Anna Lappé 
Fuel to Fork podcast
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In sections 1-3, we examine the full impacts and risks 
of many of today’s most widely promoted food system 
fixes – incremental and ‘disruptive’/high-tech – and 
whether they are truly capable of cutting fossil fuel 
dependencies across the food supply chain. This is not 
an exhaustive review; rather, looking along the food 
chain, we spotlight a handful of the most prominent 
solutions – i.e., those already gaining political traction 
and/or attracting substantial financial investments – in 
order to illustrate key trajectories.

Subsequently, in Section 4, we outline holistic 
approaches that would cut fossil fuel dependencies 
as part of a more fundamental redesign of food 
and farming systems. We consider what this food 
system transformation looks like in terms of fossil 
fuels and just energy transition, where change is 
already underway, and what barriers and remaining 
challenges stand in the way of the urgently needed 
transformation of food systems.

Through the Fuel to Fork podcast and this companion 
report, we aim to provide a key waypoint on the 
journey to end fossil fuel dependence, offering a 
snapshot of the opportunities and challenges at 
various points in the supply chain, and identifying the 
holistic measures that can and must be taken towards 
fossil fuel-free food systems.
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1
Addressing fossil  
fuels on the farm
Incremental fixes or false solutions?



What is the problem?

Fossil fuels – in the form of fuel for farm machinery 
and as a key ingredient in synthetic fertilizers and 
pesticides – have transformed agriculture over the 
past century, underpinning the large-scale industrial 
monoculture production that now typifies so many 
agricultural landscapes.

Agriculture accounts for roughly 20% of total 
energy use in food systems. Energy inputs required 
for agriculture vary by region, crop, and farming 
system, but those that require high fertilizer use, 
tillage, intensive post-harvest processing, and cold 
storage are the most energy-intensive.30 In European 
agriculture, agrochemicals and diesel fuel are the top 
two uses of fossil fuels, accounting for 50% and 31% of 
total energy inputs, respectively.31 Agrochemical and 
diesel requirements vary by crop. For example, corn 
requires 180% more fertilizers and 7% more pesticides 
than soy, while soy requires 30% more diesel  
than corn.32 

99% of all synthetic fertilizers and pesticides are 
derived from fossil fuels.33,34 Pesticides, including 
herbicides, insecticides, and fungicides, are 
synthesized from petroleum and its by-products, 
which serve as both active and inert ingredients 
in formulations. While active ingredients are 
disclosed, inert components – such as surfactants 
and emulsifiers that enhance pesticide potency – are 
considered proprietary, hidden from public view, and 
do not require toxicity studies.35,36 However, these 
inert ingredients can make up to 50% of pesticide 
products, and the vast majority that have been 
tested are actually more toxic than the declared 
active ingredients.37 Many pesticides are also coated 
in petroleum-derived microplastics for controlled 
release.38 Furthermore, though more nitrogen 
fertilizers are used in agriculture than pesticides, the 
production of pesticides is highly energy-intensive, 
requiring roughly ten times more energy per kilogram 
than nitrogen fertilizers.39 

Pesticide use globally continues to rise, increasing 
by 13% in the last decade and doubling since 1990 
– especially in China, the US, Brazil, Thailand, and 
Argentina.40 China is by far the world’s largest  
producer of pesticides, accounting for one-third 
 of global production.41  

And climate change is expected to intensify use, 
as rising temperatures and shifting pest patterns 
reduce pesticide efficacy, prompting higher usage 
and creating a vicious feedback loop between climate 
impacts and chemical dependency in agriculture.42

The growing use of fossil fuel-based pesticides has 
severe environmental and health consequences. 
Pesticide production, application, and their chemical 
interactions in the environment all contribute 
significantly to greenhouse gas emissions, though no 
studies calculate the GHG emissions of pesticide use 
over the full life cycle of the chemicals, making precise 
estimations difficult.43 

Their ecological toll is profound – pesticides are now 
recognized among the top global drivers of biodiversity 
loss.44 Human health impacts are equally dire: over 
385 million unintentional pesticide poisonings 
occur annually, with 11,000 deaths, affecting nearly 
44% of the global farming population.45,iii Chronic 
exposures are linked to cancer, reproductive harm, 
and neurological disorders.46 These harms fall 
disproportionately on agricultural workers, rural 
communities, and fenceline communities where 
pesticides are produced, compounding existing 
vulnerabilities and injustices.47

iii Boedeker et al.’s widely cited estimate of 385 million annual pesticide poisonings and 11,000 annual deaths was based on a systematic  
 review of global data. The article was later retracted following sustained pesticide industry pressure that cast doubt on the science,   
 despite the use of established methods and peer-reviewed sources.

Punjab, once India’s agricultural 
breadbasket, now faces depleted 
soils, poisoned water, and soaring 
cancer rates due to years of 
chemical fertilizer and pesticide 
use – so much so that the train 
that takes people to the nearest 
hospital is known as the  
‘cancer train.
Navina Khanna 
Fuel to Fork podcast
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Like pesticides, nitrogen fertilizers are derived from 
fossil fuels and are the single biggest consumer of 
fossil fuels in agriculture. Virtually all ammonia – the 
key ingredient for synthetic nitrogen fertilizer – is 
made of fossil fuels, mostly fossil gas and some coal.48 
Synthetic nitrogen fertilizer use has increased by 800% 
since 1961,49 following the post-war ‘Green Revolution’ 
era where states and industry promoted chemical-
intensive farming to increase yields. 

The US, EU, and other high-income countries currently 
use up to 10 times more fertilizer per capita than low-
income countries (see Box 2).50 The FAO projects a 50% 
increase in global nitrogen fertilizer use by 2050,51 with 
the industry focused in particular on ramping up sales 
in the Global South.52

Synthetic fertilizers are responsible for a number 
of environmental damages. Today, the nitrogen 
fertilizer supply chain is responsible for over 2% of 
global GHG emissions.57 The production of synthetic 
fertilizers is responsible for approximately 40% of total 
fertilizer GHG emissions, while around 60% of fertilizer 
emissions stem from its on-field application,58 mainly 
in the form of nitrous oxide – a greenhouse gas 300 
times more potent than CO2 (see Figure 4).59 Nitrous 
oxide emissions are responsible for 10% of net global 
warming since the industrial revolution.60 

In addition to GHGs, nitrogen pollution has many 
other damaging impacts. The planetary boundary 
for nitrogen was breached in 1970 due to synthetic 
nitrogen fertilizer use. Since then, total nitrogen use 
has doubled,61 again driven primarily by synthetic 
fertilizer, with increasingly severe consequences. 

Globally, more than half of the nitrogen fertilizers 
applied to crops are lost to the environment, polluting 
air, water, and soils (see Box 3).62 Three billion people 
are at risk of water shortage from nitrogen pollution.63 

Nitrates in drinking water – originating from fertilizers 
and manure – can cause blue baby syndrome, a 
potentially fatal condition in infants that deprives the 
body of oxygen, and have also been linked to cancer.64 
Nitrogen dioxide emissions from fertilizer production 
and application, along with ammonia emissions from 
fertilizer application, also contribute to air pollution 
and a large number of respiratory illnesses and 
death.65,66,67,68 Nitrogen pollution is also one of the 
biggest drivers of biodiversity loss.69

BOX 2
REGIONAL DISPARITIES IN NITROGEN FERTILIZER USE

It is important to note that nitrogen fertilizer use varies dramatically across the world. While the US and 
parts of the EU are stabilizing at high levels of fertilizer use, some countries like China, India, and Egypt 
already use high amounts of nitrogen fertilizers and continue to use more and more, with increasing 
deleterious effects on human and environmental health.53 Meanwhile, in parts of sub-Saharan Africa – 
including countries like Nigeria and Benin – fertilizer use remains low, and yields are stagnant or erratic.54 
These outcomes are primarily driven by persistent droughts, infrastructure deficiencies, and deeper 
socio-political factors, such as land tenure insecurity, underinvestment in rural areas, weak extension 
services, and conflict.55,56
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BOX 3
HOW SYNTHETIC NITROGEN FERTILIZERS POLLUTE OUR AIR AND WATER  
AND HARM HUMAN HEALTH

Synthetic fertilizers supply nitrogen in forms that plants can easily absorb, mainly as ammonium and 
sometimes nitrate. While crops do take up some of this nitrogen, a lot of it reacts with soil microbes and 
sets off a chain of chemical processes. Ammonium is often converted into nitrate, which plants can use 
– but when there is too much nitrogen in the soil, especially in wet conditions, some of it escapes into 
the air as gases like nitrous oxide, a powerful greenhouse gas, or dinitrogen. Meanwhile, both nitrate 
and ammonium can wash into rivers, lakes, and groundwater after rain, and excess ammonium can 
evaporate into the air as harmful gases like ammonia and nitrogen oxides.

These nitrogen cycles happen naturally, even with organic fertilizers like manure or compost. However, 
as a result of their overuse and readily available, reactive state, synthetic nitrogen fertilizers are prone to 
leaking into water and air. This leads to serious environmental damage, polluting waterways, worsening 
climate change, and harming human health.

The toxic toll of fertilizers begins 
with communities living in the 
shadow of manufacturing plants, 
spreads through rural areas facing 
health crises from overuse, and 
flows into waterways, harming 
aquatic life and fisher livelihoods.
Darrin Qualman 
Fuel to Fork podcast
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FIGURE 4

MOST GREENHOUSE GASES FROM FOSSIL-BASED FERTILIZERS ARE 
EMITTED ON THE FARM

Fossil fuels are also used abundantly to power 
tractors, harvesters, and other on-farm machinery  
and installations. Tilling and plowing have particularly 
high energy demands, accounting for almost half  
(47%) of the energy used in field operations in the 
EU.70,71 However, no-till farming, often touted as a 
form of regenerative agriculture, is dependent on 
pesticides, particularly herbicides, to manage weeds 
and has been found to increase herbicide use on 
conventional farms.72 On-farm vehicles tend to have a 
lifespan of roughly 20-30 years,73 meaning that failure 
to shift rapidly to alternative ways of powering the 
farm could lock in significant fossil fuel usage and 
greenhouse gas emissions. 

Farm machinery lasts decades, so 
we’ve got to stop producing fossil-
fueled equipment now – each new 
machine locks in emissions for up 
to 30 years.
Darrin Qualman 
Fuel to Fork podcast
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While 41% of synthetic fertilizer emissions come from fossil-fuel-based production, cleaning up this process does nothing 
to mitigate the majority of emissions released after fertilizers are applied to fields. These field emissions are mainly in the 
form of nitrous oxide, a greenhouse gas 300x more potent than CO2

Source: Menegat, S., Ledo, A., & Tirado, R. (2022). Greenhouse gas emissions from global production and use of nitrogen synthetic fertilisers in 
agriculture. Scientific Reports, 12(1), 14490.
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Although not explored in depth in this report, several 
post-harvest on-farm processes are also significant 
sources of fossil fuel use. Grain drying, in particular, is 
highly energy-intensive and essential for preventing 
spoilage and maintaining safe storage conditions. 
In the US and other high-income countries, farms 
typically rely on fossil fuels, primarily propane, for 
drying. This process alone accounts for an estimated 
12–25% of total energy consumption in 
grain production.74

Fossil fuels are also prevalent on the farm in the 
shape of plastics, present in almost all forms and 
scales of food production, with total usage rising. 
Agriculture, fisheries, and aquaculture utilize 3.5% of 
global plastics.75 Crop and livestock production are 
the sectors with the highest plastic usage, accounting 
for 10 million tonnes per year combined (2.8% of 
global plastic production), followed by fisheries and 
aquaculture with 2.1 million tonnes.76 Greenhouses, 
mulching, and silage films currently account for half of 
agricultural plastics by volume, and their production is 
forecast to increase by 50% from 6.1 million tonnes in 
2018 to 9.5 million tonnes in 2030.77,iv 

Additional plastic uses on farms include drip 
irrigation systems, plastic seedling trays and pots, and 
plastic-coated seeds and plastic-coated fertilizers, 
with the latter representing a direct introduction 
of microplastics into the environment. In Europe, 
these plastic-coated seeds and agrochemicals are 
responsible for 22,500 tonnes of microplastic pollution 
per year, or 62% of the region’s intentionally-released 
microplastics.78,v Microplastics have been found in 
drinking water and across a wide range of foods, with 
growing evidence linking them to serious risks for both 
human and environmental health.79,80 

The accumulation of micro- and nano-plastics in soils, 
and chemical leaching from plastic additives, drives 
wide-ranging impacts on soil, microbial, plant, and 
animal health, as well as on water infiltration and 
retention, and soil erosion and fertility.81 Chemical 
additives identified in soils are known to generate a 
range of toxic effects, including endocrine disruption.82 
Alarming new research suggests that microplastics 
can disrupt photosynthesis, potentially hindering 
plant growth and productivity.83 All told, studies 
suggest there are more microplastics contained in our 
agricultural soils than microplastic pollution in  
the ocean.84,85

Plastic pollution poses challenges throughout the 
entire food supply chain. Section 2 will explore these 
issues in greater depth, including emerging strategies 
to reduce or replace fossil-based plastics.

iv Plastic greenhouse covers and tunnel films create controlled environments to protect plants and extend growing seasons. Plastic   
 films are used in mulching to retain soil moisture, suppress weeds, and regulate temperature. Plastics are used in silage wraps and bags  
 to maintain airtight conditions for animal feed storage.

v Microplastics are extremely small pieces of plastic that are either deliberately added to products to perform a specific function (i.e.,   
 intentionally-released) or a byproduct of the breakdown of larger pieces of plastic.

Microplastics are found in seafood, 
in the soil we grow our food in, in 
the placenta, passed on to babies, 
in our bodies, in animals, even in 
the atmosphere.
Emma Priestland 
Fuel to Fork podcast
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‘GREEN’ AND ‘BLUE’ NITROGEN FERTILIZERS
What are ‘green’ and ‘blue’ nitrogen fertilizers?
Although fertilizer is rarely central in public discussions 
about food systems, synthetic nitrogen fertilizer is the 
single biggest source of fossil fuels in food systems. It 
is therefore imperative to consider what can be done 
to address fertilizer – and to scrutinize the so-called 
solutions being proposed by agribusinesses  
in this regard. 

‘Green’ and ‘blue’ ammonia fertilizers – dubbed ‘low 
carbon fertilizers’ by fertilizer companies – are being 
proposed by agribusinesses, and some governments 
and international agencies, as ways to clean up the 
nitrogen fertilizer production process.vi

 

Conventional nitrogen fertilizer is derived from 
ammonia that is synthesized by combining nitrogen gas 
from the air with hydrogen from fossil fuels, typically 
fossil gas and sometimes coal. The IEA estimates that 
99% of global hydrogen production in 2023 was fossil 
fuel-based (see Figure 5).86 ‘Blue’ nitrogen fertilizers 
are made like conventional synthetic fertilizers but 
aim to capture and store carbon dioxide from the 
production process (‘carbon capture and storage’ or 
‘CCS’). In contrast, ‘green' nitrogen fertilizers are made 
by deriving hydrogen from water instead of fossil 
feedstocks,vii through an energy-intensive electrolysis 
process that can theoretically be powered by 
renewables  (e.g., wind, solar).viii

vi Countries with significant regulatory support for so-called low-carbon ammonia projects include the US, Australia, Brazil, Canada, Chile,  
 and the EU. The UN Industrial Development Organisation launched the Global Programme for Hydrogen in Industry in 2021, supporting  
 low-income countries in decarbonizing the chemical and fertilizer industries through ‘green’ ammonia.  

vii Another potential source of hydrogen is geologic hydrogen, or natural hydrogen, this is hydrogen gas generated and stored naturally  
 in the Earth's subsurface. Despite growing interest, the commercial viability of geologic hydrogen remains uncertain, with only one   
 proven reserve and limited data and untested potential from other sites of geologic hydrogen. See Patonia, A., Lambert, M., Lin, N.,   
 & Shuster, M. (2024). Natural (geologic) hydrogen and its potential role in a net-zero carbon future: Is all that glitters gold? Oxford Institute  
 for Energy Studies.

vii Interestingly, some of the first synthesis of nitrogen, in the late 19th and early 20th centuries, was performed using electricity from   
 waterfalls. Listen to Episode 2 of the Fuel to Fork podcast for more historical background on nitrogen synthesis.

FIGURE 5

FERTILIZER PRODUCTION RELIES OVERWHELMINGLY ON FOSSIL FUELS

<1%
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26%
From coal

72%
From fossil gas

<1%
Of ammonia is ‘blue,’
(produced from fossil gas 

with carbon capture  
and storage) 99%

of ammonia is  
produced from

Fossil Fuels

Ammonia is the key ingredient in synthetic nitrogen fertilizers, and currently, 99% is produced from fossil fuels; less than 
1% is considered ‘green.’

Sources: Ammonia Energy Association. (February 2025). Low-Emission Ammonia Data (LEAD): Plants Executive Summary.  
Agora Industry. (2024). Global Green Fertiliser Tracker.
International Energy Agency. (2021). Ammonia Technology Roadmap.
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How viable are these solutions, and how transformative could they be?

There are significant emerging concerns about the 
inability of ‘green’ and ‘blue’ ammonia fertilizers to 
cut fossil fuel dependencies, reduce emissions, and 
address the broader issues with nitrogen fertilizer 
production and over-use. These approaches also entail 
serious additional environmental and social harms.

‘Blue’ nitrogen fertilizers, made with the same fossil 
fuel feedstock as synthetic fertilizers, clearly risk 
locking in the existing fossil economy and related 
extractive processes. Despite decades of research and 
subsidies, there is no evidence that commercial-scale 
CCS projects function anywhere near the industry 
claims of 90 to 95% carbon capture rates.87 For 
example, Enid, a fertilizer plant running the second 
oldest CCS project in the world (since 1982), only 
captures 28% of CO2.

88 

Companies' reported carbon capture rates often 
overlook the full life-cycle emissions of ‘blue’ hydrogen, 
including emissions from the energy-intensive capture 
process and leakage during transportation and 
attempted storage.89 Some of the carbon captured 
by the fertilizer industry is reused as a feedstock for 
fertilizers, but 73% of captured carbon is used for 
enhanced oil recovery by the fossil fuel industry, a 
process that uses CO2 to extract even more oil, thereby 
increasing fossil energy production and, ultimately, 
GHG emissions.90 

‘Green’ ammonia fertilizers are still in their infancy, 
representing only a tiny fraction of current fertilizer 
sales worldwide. It is important to note that only four 
production sites globally currently perform electrolysis 
of water with renewable energy, accounting for just 
0.3% of global ammonia used in nitrogen fertilizer.91 
And the future build-out of ammonia continues to 
rely on fossil fuels. For example, of all the planned 
ammonia projects in the US, 95% are based on fossil 
fuels, not electrolysis.92 Further, this process entails 
very high costs at present, making it uncompetitive 
with fossil-based fertilizer. A fully green hydrogen/
ammonia production process is therefore hard to 
imagine in the short-to-medium term, and would 
require a major diversion of renewable  
power capacity.

Scaling up the production of ‘blue’ and ‘green’ 
fertilizers also requires large amounts of land, water, 
and energy, exceeding the total footprint of business-
as-usual fertilizer production. One study found that 
converting from conventional to ‘blue’ ammonia 
fertilizers would increase energy use by 58%, double 
land use, and triple water use, while converting to 
‘green’ ammonia fertilizers would require 24 times 
more electricity (or 5% of global electricity), 30 times 
more land, and 50 times more water.93

Further, equity issues are arising as ‘green’ hydrogen 
production expands, with major projects being 
developed in water-scarce areas in the Global South,ix 
sometimes at the expense of traditional rangelands 
that are mislabelled as “wastelands.”94 Further, these 
projects are overwhelmingly for export, with the EU 
looking to double ‘green’ hydrogen imports by 2030 to 
support its green energy transition.95

It is also worth recalling that emissions resulting from 
the application of nitrogen fertilizers (mainly in the 
form of nitrous oxide) account for 60% of fertilizer-
based emissions and contribute to climate change.96 
Even if fossil fuel usage can be reduced through ‘green’ 
fertilizer production processes, failure to meaningfully 
curb nitrogen fertilizer use will mean ongoing severe 
health and environmental impacts. 

 

Any food system rooted in 
extraction from nature rather than 
reciprocity with nature destroys the 
very home it depends on – nature is 
not a resource, it's a relationship.
Molly Anderson 
Fuel to Fork podcast

ix More than a third of the biggest green hydrogen projects are planned in countries facing high or extremely high water stress. See   
 Corporate Europe Observatory. (2023, October 10). The dirty truth about the EU’s hydrogen push.
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GENETIC ENGINEERING AND SYNTHETIC BIOLOGY
What are next-generation genetic engineering and synthetic biology 
approaches in agriculture?

Again, largely under the radar, huge amounts of 
agricultural research dollars are being channeled into 
next-generation genetic engineering and synthetic 
biology approaches – with big claims about how these 
technologies can provide a ‘climate-smart’ pathway 
out of agrochemical and fossil fuel dependence and 
towards a sustainable bio-based food system  
and ‘bioeconomy’.97,x 

While often framed as a clean break from the past, it's 
worth noting that first-generation genetic engineering, 
such as herbicide-tolerant and insect-resistant crops, 
was also promoted as a solution to pesticide use. Yet, 
after nearly 30 years, the continued need to stack 
genes conferring resistance to multiple pesticides has 
only intensified the pesticide treadmill – ultimately to 
the benefit of the agrochemical industry.98 Despite the 
relative lack of scrutiny, new genetic approaches carry 
their own major social and environmental risks.

Genetic engineering refers to artificially altering 
the genetic material of organisms (e.g., DNA, RNA). 
Today's frontier developments allow for targeted gene 
editing and insertion and are described as biological 
engineering or ‘synthetic biology’ to distinguish from 
older techniques that often relied on the random 
insertion of genes. 

Key approaches, with products already on 
or close to market, include the following:

• Genetic Pesticides (RNAi sprays and crops):  
The technology is called RNA interference (RNAi). 
Instead of spraying petrochemical-derived 
pesticides, short strands of double-stranded 
synthetic RNA are deployed to genetically disrupt 
insects and kill them.99 In some cases, crops are 
bioengineered to produce their own RNAi strands.100 

• Engineered ‘biologicals’ and ‘microbials’: 
Agribusinesses are promoting the use of 
engineered biological molecules (‘biologicals’) and 
proteins (fermented in vats) as well as altered 
microbes (‘microbials’) as another way of replacing 
agrochemicals.101 Examples include engineering 
plants to produce insect pheromones,102 modifying 
insecticidal bacteria to increase their effectiveness, 
or adding engineered soil bacteria to improve crop 
nutrient uptake.103 

• Other approaches include directly engineering 
insects to spread sterility or other traits, in some 
cases applied to a whole insect population – known 
as ‘gene drives.’104

• Engineered nitrogen fixation: This approach 
artificially increases the amount of nitrogen fixed 
by plants through synthetic biology, thereby 
reducing fertilizer requirements. This is done either 
by engineering plants to take up and fix more 
nitrogen,105 by introducing gene-edited microbes 
that attach to plant roots and fix nitrogen,106 or 
potentially by introducing an engineered structure 
into crops that allows them to produce their  
own nitrogen.107

Instead of relying on conventional chemical action, 
synthetic biology transmits biological information 
that influences plant or insect development and 
gene expression. Moreover, microbes, gene drives, 
and genetically modified plants can self-replicate, 
meaning they have the ability to spread their biological 
‘messages’ independently over time.

x The term ‘bioeconomy’ refers to economic activities based on biological and purportedly environmentally friendly solutions.
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How viable are these solutions, and how transformative could they be?

In theory, genetic approaches provide an avenue 
towards reducing fossil fuel-intensive agrochemicals. 
Framed as ‘nature-based’ or ‘nature-identical’ 
solutions, genetically engineered microbes, 
biomolecules, and organisms are also promoted 
as safer alternatives that could mitigate some of 
the biodiversity and health risks associated with 
conventional agrochemicals. However, in practice, 
synthetic biology carries serious risks to health, 
ecosystems, and social equity – risks that call into 
question the viability of the approach altogether.

Firstly, much of the petrochemical use in pesticides is 
hidden, and complete phase-out is not guaranteed. 
Petrochemicals in pesticides are in hidden surfactants, 
emulsifiers, and additives, which are used to increase 
the potency and uptake of these external inputs.108 
These elements also feature in RNAi sprays.109

Secondly, the potential health effects of RNAi 
technology are unknown. Yet, farmers, farmworkers, 
and nearby communities may be exposed through 
airborne drift, while consumers could ingest 
synthetic RNAi residues in food. Preliminary research 
suggests that naturally occurring interfering RNAs in 
mammalian diets play a role in regulating metabolism, 
raising concerns that synthetic RNAi, whether inhaled 
or ingested, could unintentionally disrupt  
key physiological processes in mammals, 
including humans.110

Further, the field of synthetic biology remains 
controversial. Release to the wild of living engineered 
organisms risks extensive and irreversible disruption 
to food webs and ecosystems. Since genetic 
engineering and synthetic biology alter the basis 
of how living systems function, reproduce, and 
communicate, the long-term impacts on ecosystems 
are uncertain. For example, genetic pesticides such 
as RNAi may disrupt non-target beneficial insects and 
pollinators (e.g., honey bees). They also risk making 
unwanted and off-target genetic changes that are 
passed onto other species and future generations. 
RNAi is also expected to contribute to the familiar 
treadmill of escalating inputs, as weeds and insects 
develop resistance – potentially even requiring the 
genetic engineering of weeds to ‘resensitize’ them  
to herbicides.111,112 

There are also power and equity issues, as these 
technologies are controlled by just a handful of large 
transnational corporations. Like many ‘substitution’ 
pathways, swapping out fossil-based agrochemicals 
for genetic pesticides and ‘biologicals’ sustains the logic 
of current systems – and the power imbalances that 
accompany them. Genetic and syn-bio approaches 
fit seamlessly into a paradigm of capital-intensive, 
input-intensive, large-scale monoculture production, 
i.e., approaches that oversimplify agroecosystems 
and drive farms towards overproduction, ultimately 
depleting nutrients and narrowing agricultural genetic 
diversity. By adapting weed species to proprietary 
(genetic) pesticides, some of the approaches described 
above could be used to lock in agricultural landscapes 
that benefit large and powerful corporate interests, 
further concentrating economic and decision-making 
power in food systems.

Quite a lot of money is invested 
to tweak current ecologically 
damaging agricultural practices, 
but we never step back to ask 
whether we need these practices 
in the first place.
Raj Patel 
Fuel to Fork podcast
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Indeed, a small handful of biotechnology firms (and 
increasingly, data firms) exercise control over the 
DNA sequences and intellectual property in question, 
granting those firms outsize power over the future 
of food and agriculture.113 With 142 patent families 
acquired between 2013 and 2023, Bayer holds the 
most RNAi-based crop protection patents, followed by 
Corteva with 19.114 These patents add to their existing 
dominance in agricultural inputs, where together they 
hold 40% of the seed market and more than 25% of 
the agrochemical market.115

The rapid development and release of genetically 
engineered organisms is outpacing regulatory 
oversight, unfolding at a time when public regulatory 
capacity is being actively dismantled. Corporations like 
Bayer and Corteva are aggressively patenting genetic 
traits – whether naturally occurring or engineered 
– while simultaneously lobbying to exempt these 
organisms from safety checks and labeling.116 This 
raises serious concerns about transparency, biosafety, 
and corporate control. Moreover, these technologies 
carry potential for militarization, including use in 
bioweapons systems.117

In the US, agribusiness spends  
more on lobbying than the oil 
and gas industry or the defense 
industry. Their hands are  
wrapped tightly around the  
neck of government.
Raj Patel 
Fuel to Fork podcast
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DIGITAL FARMING PLATFORMS AND  
PRECISION AGRICULTURE
What are digital farming platforms and precision agriculture?

The push for digital agriculture is now everywhere 
in food system discussions, and is increasingly 
presented as a pathway towards more efficient and 
more sustainable food systems, and notably, reduced 
agrochemical usage – claims that merit  
serious scrutiny.

Through ‘digital farming’ platforms like Bayer’s ‘Climate 
Fieldview™’ and John Deere’s ‘Operations Center™’, 
agribusinesses are teaming up with tech firms to build 
digital decision-making tools into farm machinery and 
landscapes. This includes major agrochemical firms, 
which are integrating digital agriculture offerings into 
their business model. These platforms gather data 
(often without charging money) and analyze data 
sets (machine-readable forms of information) about 
the farm, including information about weather, soil 
fertility, weeds, insects, disease, nutrients, moisture, 
and yield.xi Artificial Intelligence (AI) tools, located in 
distant ‘cloud’ data centers, process these reams of 
farm-level data to create digital models of specific 
farms (called ‘digital twins’) and generate  
farm-specific prescriptions.

Through these approaches,  
proponents argue that fossil fuel use  
can be more efficient, and productivity 
and sustainability increased, in a  
number of ways:

• Shifting from the current over-application of 
agrochemicals to targeted (and supposedly more 
limited) ‘precision’ applications118 guided by granular 
farm-specific data. This technology can further be 
augmented by using plastic-coated fertilizers and 
pesticides that slowly release chemicals or nutrients 
into soils, reducing losses to air or water. 

• Replacing agrochemicals with mechanical and non-
chemical forms of weed control, e.g., employing 
lasers, or fleets of small robots to zap and  
remove weeds.119

• Reducing fuel consumption of agricultural 
machinery in field work through the combination of 
‘autosteer’ technologies (e.g., self-driving tractors) 
and more targeted application of inputs.120

How viable are these solutions, and how transformative could they be?

Cutting back on fossil fuel-intensive agricultural 
inputs is essential and is used as a key justification for 
bringing data-driven efficiencies to industrial farming. 
However, when examining real-world data rather than 
modeling scenarios, the results are far from clear.

For example, a USDA field study found that 
autosteered tractors, commonly used in precision 
agriculture, can actually increase fuel use.121 However, 
this finding calls for nuance as precision farming 
may lead to higher fossil fuel consumption than 
conventional agriculture, while simultaneously 
reducing other environmental impacts.122 In other 
cases, the data has not been made readily available.  

For example, key data underpinning a 2021 study by 
the Association of Equipment Manufacturers and the 
pesticide lobby group Croplife, which advanced bold 
claims about the efficiencies and energy savings of 
digital/precision agriculture, is unavailable.xii 

xi For an overview of digital farming and precision agriculture, see for example, U.S. Government Accountability Office. (2024).  
 Precision Agriculture: benefits and challenges for technology adoption and use.

xii According to the study, precision agriculture had improved “fertilizer placement efficiency” by an estimated 7%, decreased herbicide   
 use by 9% and decreased on-farm fossil fuel use for machinery by 6%. See Association of Equipment Manufacturers (AEM). (2021).  
 The environmental benefits of precision agriculture in the United States.
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Further, the algorithms that set precision fertilizer 
applications may be focused more on increasing 
production per hectare than on reducing total 
fertilizer use. As one industry source explains, “[w]e 
reduce the total amount very little, but we have found by 
redistributing it within the field the value per unit of input 
goes up and the ROI (return on investment) on fertilizer 
dollars comes in.”123

Tractor electrification to phase out fossil fuels on 
farms faces many challenges, including limited 
range, high upfront costs, and inadequate charging 
infrastructure. Farmers also worry about battery 
performance and maintenance.124 In low-income 
countries, steep purchase prices and low awareness 
of vehicle emissions limit interest and uptake.125 Some 
manufacturers are developing tractors with improved 
battery technologies, but these remain in prototype 
stages and target large-scale, industrial farming 
operations.126 While interest is growing, especially in 
high-income countries where some farmers are willing 
to pay more for cleaner machinery,127 widespread 
adoption remains a long way off. 

Plastic-coated fertilizers and pesticides, whose 
use is on the rise, not only reinforce agrochemical 
dependence but also represent an overlooked yet 
major source of microplastic pollution, with their 
plastic encapsulation potentially intensifying the 
already serious environmental and health risks of 
agrochemical use.128

Precision agriculture technologies are often out of 
reach for resource-poor farmers, who often lack 
access to digital services, digital literacy, or the 
financial means to adopt them.129 But even wealthier 
farmers in high-income countries face significant 
hurdles – tools can be costly, difficult to operate, or 
incompatible with existing equipment and practices.130  
 

In many cases, the promised benefits of precision 
farming remain limited by real-world challenges in 
both affordability and usability.

Most significantly, data processing and AI tools for 
digital platforms have major energy requirements of 
their own. Data consists of electronic signals, and the 
storage, processing, and transmission of these signals 
requires electrical energy, often generated by coal or 
fossil gas. Data processing, housed in large energy-
intensive warehouses called ‘hyperscale data centers’, 
is expanding rapidly. These consume energy to run 
computation and storage, to cool down the servers 
(through air conditioning and refrigeration), and in the 
production of the hardware itself.131

The energy requirements of data processing have 
recently skyrocketed, particularly as a result of AI, 
which requires much heavier computation. Food 
and farming data is particularly ‘big’ as it entails 
prescriptions on a farm scale. Even before the recent 
boom in generative AI, global data center electricity 
consumption had been growing at 12% annually 
since 2017 – over four times faster than the growth 
rate of overall electricity consumption – reaching 
1.5% of global electricity demand by 2024.132 With the 
accelerating rise of AI, data center electricity use is 
projected to more than double by 2030.133  

AI doesn’t just advise farmers – it 
locks them into using specific seeds, 
fertilizers, and herbicides.
Jennifer Clapp 
Fuel to Fork podcast

Adopting the variable rate fertilizer 
technology sounds really nice, but 
we’re in our third year of pulling our 
hair out at the functionality of the 
technology and getting it to work 
with our farming equipment. It 
doesn't work right.
Joanna Larson 
Fuel to Fork podcast
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Renewable energy production is struggling to keep up 
with expanding data-center demand. In the US, fossil 
gas is projected to supply some 60% of new capacity,134 
while coal-fired power stations, which had been 
scheduled to retire, are being kept online to power 
data centers.135 In early 2025, the incoming Trump 
administration declared an energy emergency in the 
US in order to generate more energy to power AI data 
centers.136 In Ireland, some 80 data centers already 
consume a fifth of that country’s electricity, expected 
to rise to a third within the next few years.137 Huge 
additional volumes of fossil energy are required for 
data transmission, especially to rural and remote farm 
locations using wifi, 5G, and edge computing networks, 
with concurrent GHG emissions impacts (see Box 4). 

Data centers – the backbone of 
digital farming – are massive 
energy hogs, requiring constant 
water for cooling and power  
to operate.
Pat Mooney 
Fuel to Fork podcast
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xiii Digital components are made out of different types of metals such as aluminum, copper, tin, tantalum, lithium, gallium, germanium,   
 palladium, cobalt and tungsten. These are not inputs that were previously significant in farming systems. Hundreds of tonnes of ore   
 typically need to be dug up and processed to get a single ton of relatively common metals such as copper or aluminum. See Mills, M.P.  
 (2020). Mines, Minerals, and "Green" Energy: A Reality Check. Manhattan Institute.

xiv This concern is particularly acute where farmers are being placed in long-term contractual agreements with digital farming companies,  
 requiring they follow AI-derived ‘prescriptions’ in return for carbon farming payments. Such agreements may lock farmers into contracts  
 with agribusiness for up to a decade, while surrendering extensive farm data to corporate entities. See ETC Group. (2024). Trojan horses  
 on the farm: Six critical questions – challenging the digitalization of the agrifood chain.

Digital farming shifts power away 
from farmers and into the hands 
of agribusinesses and tech firms, 
which increasingly control the 
tools, inputs, and ownership  
of farm data.
Pat Mooney 
Fuel to Fork podcast

BOX 4
DATA CENTERS AND THE BALLOONING ENERGY  
AND CARBON FOOTPRINT OF BIG TECH

Amazon, Microsoft, and Google are the three industry leaders in AI adoption and data center expansion. 
Driven by the ‘generative AI’ boom, and despite their ‘net-zero’ initiatives, Amazon, Microsoft, and Google 
have seen their emissions soar.138,139,140 For example, Microsoft’s emissions increased by 29% since 
2020, primarily from the construction of data centers.141 Indeed, capital investment in 2023 by Amazon, 
Microsoft, and Google for AI adoption and data center expansion was greater than that of the US oil and 
gas sector.142 By 2030, US data center emissions could nearly double as rising energy demands continue 
to rely on gas-fired power generation.143 Securing enough clean energy will be challenging due to the 
rapid and significant growth in their power consumption.

Data centers also use tremendous quantities of 
water to cool down servers,144 while semiconductor 
production requires significant amounts of energy, 
water, chemicals, and minerals – both contribute 
to substantial environmental and human rights 
impacts.145,xiii The production of components for 
on-farm digital equipment may also result in higher 
e-waste in rural settings. 

Besides the material and energy costs of digital 
farming, food movements are raising serious social, 
economic, and justice concerns about these innovation 
pathways, as will be comprehensively explored in  
IPES-Food’s next major report. Data-driven farm 
platforms and AI-driven automation risks further 
concentrating economic power in the hands of a 
small number of tech and agribusiness firms, moving 
decision-making away from smallholder farmers and 
farmworkers and undermining their agency, in ways 
that could ultimately threaten their livelihoods.xiv

Companies are also using digital agriculture 
agreements as a basis to restrict farmers’ ‘right to 
repair,’ or to manage their own equipment.146 At the 
same time, these companies gain a strategic advantage 
by collecting vast amounts of farm data – often for free 
– which they use to develop products, shape prices, 
and lock farmers into dependent relationships, further 
entrenching their market dominance and deepening 
inequalities in the food system.147 
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2
Addressing fossil  
fuels in the middle  
of the chain
Incremental fixes or false solutions?



What is the problem?

The biggest share of fossil fuel usage in food systems, 
42%, occurs in the middle of the food chain, i.e., in the 
energy-intensive processes through which foods are 
transformed, manufactured, packaged, and shipped 
to retailers and end consumers.148 To ensure the 
efficient and safe handling of food, processing and 
transportation rely on energy-intensive equipment, 
refrigeration, and vehicles that all still largely run on 
fossil fuels. Energy use in the middle of the chain is 
rising globally, due to the growing consumption of 
ultra-processed foods and longer supply chains, which 
increase processing and packaging as well as  
food miles.

Food processing often requires heat (e.g., for 
sterilization, pasteurization, baking, and drying), 
which is energy-intensive to generate and accounts 
for 60-70% of the total energy needs of food 
manufacturers.149 Although electricity can equally 
be deployed to power these processes, fossil gas is 
traditionally used.150 Food processing often involves 
breaking down whole foods, such as corn, wheat, and 
soy, through physical and/or chemical methods into 
components like sugars, oils, fats, proteins, starches, 
and fibre. Wet milling is commonly performed to grind 
down corn and is particularly energy intensive.151 

Ultra-processed foods (UPFs) are industrially 
manufactured food products made up of formulations 
of ingredients that are in turn a result of a series of 
industrial processes.152 UPFs are particularly energy-
intensive, using 2 to 10 times more energy in their 
production than whole foods.153 These products 
– heavily subsidised,154 fiercely promoted,155 highly 
profitable,156 and designed to induce over-eating157 
– already make up a significant portion (up to 60%) 
of the total calories consumed in many wealthy 
countries.158 Urbanization and rising incomes in 
low-income countries have led to increased food 
consumption and greater dietary diversity, including 
more dairy, fish, meat, legumes, fresh fruits and 
vegetables, as well as a rapidly growing intake of 
processed foods in a number of regions.159

High fructose corn syrup is a common ingredient 
in ultra-processed foods. While conventional corn 
production already uses ample fossil fuels (thanks 
to synthetic fertilizers and pesticides), the rest of 
the process is even more energy-intensive, with wet 
milling and refining – powered primarily by fossil fuels 
– accounting for some 80% of the total energy required 
to produce high fructose corn syrup.160 Some newer 
forms of food processing are particularly energy-
intensive. For example, cultivated meat (culturing 
animal cells in a factory using biotechnology) is more 
than twice as energy-intensive to produce  
as chicken.161 

Beyond their fossil fuel footprint, UPFs are detrimental 
to human and environmental health. Evidence from 
numerous global studies consistently links ultra-
processed food consumption to a wide array of 
adverse health outcomes, including premature death, 
cancer, and various cardiovascular, gastrointestinal, 
and metabolic diseases.162,163 Further, the production 
of ultra-processed foods relies on large-scale 
monoculture farming, the use of significant energy 
during production, long-distance transportation, 
and excessive packaging. As such, ultra-processed 
foods can significantly contribute to land-use change, 
greenhouse gas emissions, high water use, as well as 
high energy use.164 

The food system isn’t just a supply 
chain. It’s a system that makes 
fossil-fueled farming, plastic 
packaging, and ultra-processing 
feel perfectly normal. Fossil fuels 
are there every step of the way, 
making normal some of  
the weirdest things about the  
way we eat.
Raj Patel 
Fuel to Fork podcast
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Plastic food packaging is a huge source of fossil 
fuel usage in the middle of the chain, with plastics 
widespread across the food system, including on 
the farm (see Section 1).165 Globally, food and drink 
packaging accounts for at least 10% of all plastic 
production.166 Ultra-processed foods, in particular, 
are heavily wrapped in plastic, compounding the 
problem.167 Asia leads the plastic packaging market 
with over 43% of global revenue in 2023 and is 
projected to grow fastest through 2030, particularly 
in China, India, Vietnam, South Korea, and Thailand.168 
China dominates as the top producer and consumer  
of plastic packaging.169

Petrochemicals – especially plastics – account 
for around 14% of total oil demand, and plastic 
production is expected to more than double by 
2050.170,171 Petrochemicals are on track to become the 
single largest driver of oil demand growth, accounting 
for over a third of growth through 2030, and nearly 
half by 2050 (see Figure 6).172

The real food desert is the one in 
our guts. Ultra-processed foods and 
the narrowness of the food system 
have wiped out the microbial 
diversity in our guts. The long-term 
nutritional and mental health 
impacts are only just  
being explored.
Pat Mooney 
Fuel to Fork podcast

FIGURE 6

PETROCHEMICALS SET TO DRIVE OIL DEMAND
Cumulative oil demand growth projections from 2024-2030 (million barrels per day)

Source: IEA (2024). Oil 2024
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While oil demand for energy is projected to decline with the clean energy transition, petrochemical production is set to 
rise. The fossil fuel industry is increasingly relying on plastics and other petrochemicals to absorb excess oil supply and 
drive future global demand.
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Recycling has been widely promoted by the plastics 
industry as the primary solution to plastic waste, but 
this narrative has diverted attention from upstream 
solutions such as reducing production and redesigning 
packaging.173 In reality, plastics were never designed to 
be recovered,174 less than 10% of plastics are recycled 
globally,175 and food packaging is among the most 
difficult to recover due to contamination and complex 
material mixes. 

Plastic’s reputation as a recyclable material has been 
carefully cultivated by industry groups, misleading 
consumers and policymakers alike.xv This illusion 
has not only shifted the cost and responsibility of 
plastic waste management onto consumers, local 
governments, and informal waste workers, but 
has also allowed the plastics industry to continue 
expanding production and protecting its  
profit margins.

The rise in plastic usage – particularly single-use 
plastics, whose production surged amid public health 
concerns during the COVID-19 pandemic – has led 
to a sharp increase in plastic pollution.176 Food and 
beverage companies play a disproportionately large 
role in driving this trend.177 Coca-Cola, PepsiCo, and 
Nestlé have consistently been the top three plastic 
polluters since global brand auditing campaigns began 
in 2018.178 In the most recent audit, 83% of all collected 
and counted plastic waste was food packaging, 
primarily bottles, food wrappers, and containers.

The impacts of plastic packaging reach far beyond 
fossil fuels, posing risks to both human and ecosystem 
health, particularly in terms of the harmful chemicals 
they are made of and the explosion in microplastic 
pollution. Microplastics have been found in human 
organs and tissue, including blood, lungs, brain, 
placenta, and breast milk, with research indicating 
they are toxic and linked to a range of serious  
health conditions.179 

All plastics, including those used for food packaging, 
contain thousands of chemicals, at least 4,219 of 
which are known or suspected to pose risks to human 
health.180 For example, humans are exposed to BPA 
(Bisphenol A) and phthalates in plastic food packaging, 
which are linked to serious health risks, including 
cancer, reproductive problems, and hormone 
disruption.181 However, many plastic chemicals remain 
entirely untested, and those labeled as safe often lack 
evaluation against the most current, hazard-based 
safety standards.182

Plastic production is plastic 
pollution – and the biggest drivers 
are food and beverage companies. 
They have enormous power to 
change the system, but they aren’t 
making any substantial changes to 
their business models.
Emma Priestland 
Fuel to Fork podcast

For every dollar spent on food in 
the US, more than two dollars go to 
cleaning up its consequences – from 
healthcare and worker exploitation 
to environmental destruction and 
climate change. These hidden costs 
are concealed deliberately and 
effectively by the food industry.
Raj Patel 
Fuel to Fork podcast

xv See, for example, The Recycling Partnership campaign funded by the PepsiCo Foundation which frames plastic waste reduction as the  
 responsibility of municipalities and consumers.
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Finally, in the middle of the chain, food transportation 
also has a fossil fuel footprint. While food 
transportation relies on fossil fuels, its role is relatively 
small compared to the broader fossil fuel footprint 
of food systems. Food miles often get more attention 
because they are more visible to consumers, who tend 
to think about fossil fuel use in their own travel.

The combustion of fossil fuels in trucks, trains, ships, 
and airplanes accounts for some 2 billion barrels of oil 
per year, and 4.8% of food-related GHG emissions.183,xvi 
Despite accounting for just 31% of global food miles, 
road freight emits 81% of food system transportation 
emissions.184 Rail freight, a little more than half of 
which is electrified,185 follows with 15% of emissions.186 

In contrast, shipping accounts for nearly 60% of 
total food miles and yet is the most carbon-efficient 
mode per ton-mile, contributing only 3.6% of total 
transport emissions.187,188 Aviation is the most carbon-
intensive mode per ton-mile, but remains a niche 
contributor (less than 0.5%), used mainly for high-
value, perishable items like fresh fruits and seafood, 
which require rapid delivery over long distances.189 As 
urbanization intensifies, global trade flows – including 
food shipments – continue to rise, especially in rapidly 
developing regions of Asia, Latin America, and Africa.190 

Once again, the impacts extend beyond climate 
change. Fossil fuel-powered transportation emits 
pollutants like particulate matter, nitrogen oxides, 
and sulfur oxides that harm human health and 
ecosystems. Every year, particulate pollution 
contributes to an estimated 2-6 million premature 
deaths worldwide.191  

Major transport corridors – often in or near densely 
populated areas – bring elevated health risks, 
particularly for children, the elderly, and people with 
chronic cardiovascular or respiratory conditions. 
Heavy fuel oils used in shipping emit substantial sulfur 
oxides, fueling acid rain and ocean acidification.192 
Long-distance transportation must also contend with 
rising geopolitical instability and bottlenecks in highly 
concentrated global shipping routes, representing 
risks to food security.xvii 

xvi Transportation accounts for 4.8% of food systems emission, or ~864Mt CO2 eq, according to Crippa et al. This is comparable to the   
 potential emissions of 2 billion barrels of oil, according to the EPA. Calculated using the EPA’s greenhouse gas equivalencies calculator.

xvii Major ‘chokepoints,’ where a significant share of global trade passes, include the Panama Canal and the Strait of Malacca, which are   
 significant for linking western and Asian markets, the Turkish Straits (particularly for wheat), and others in the US, Brazil, and the Black  
 Sea. Chokepoint risks are rising due to three main hazards: weather and climate-related disruptions, security threats from conflict and  
 crime, and institutional actions like export controls or closures by authorities. See Bailey, R., & Wellesley, L. (2023, May 18). Chokepoints  
 and vulnerabilities in global food trade (Updated report). Chatham House.

Fossil fuels are – disturbingly – the 
lifeblood of the food industry. From 
how food is grown, processed, and 
packaged to how it's refrigerated 
and delivered, nearly every step is 
fossil fuel-based.
Errol Schweizer 
Fuel to Fork podcast
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MOVING TO ‘CLEAN’ FOOD PROCESSING
What does 'cleaner' food processing look like, and what steps are food 
companies taking?

Significant steps to improve energy efficiency and 
switch to renewable power in food processing appear 
to be financially viable and technically feasible, and 
shifts are already underway in the sector. Since 
most food processing requires heat at medium or 
low temperatures, and cooling and refrigeration are 
already provided by electricity, research has shown 
that renewable energy sources can readily replace 
fossil energy in this sector.193,194 

Renewable energy is already being utilized by many 
manufacturers, with ongoing projects demonstrating 
the feasibility of solar thermal energy.195 Solar thermal 
energy captures sunlight to generate heat, which can 
then be directly applied for heating water, air, or for 
industrial processes like drying, heating, and cooling.

A key challenge – and arguably one of the simplest – is 
to improve the efficiency and reduce the total energy 
requirements of existing food processing systems. 
This includes avoiding idle equipment, optimizing 
production scheduling, and improving  
equipment maintenance. 

For example, an average industrial cookie-baking oven 
is only 35% energy efficient, meaning most energy is 
lost into the air.196 Improving the insulation and heat 
recovery of ovens can dramatically reduce  
energy consumption.197 

Switching all current electricity use to renewable 
sources is another crucial challenge in phasing fossil 
fuels out of food processing, including through on-site 
renewable generation, e.g., through geothermal or 
solar panel installations.

Decarbonization can also be achieved through the 
adoption of new, energy-efficient equipment. Heat 
pumps, which run on electricity, are an emerging 
technology that can readily replace fossil gas-burning 
equipment in the food and beverage industry. They 
provide both heating and cooling, are highly efficient, 
and help recover excess heat.198 Investments in new 
equipment can be expensive, but through energy 
savings, they have been shown to pay for themselves 
fairly quickly.199

How viable are these solutions, and how transformative could they be?

A wholesale shift towards greener processing could 
be highly significant. Many manufacturers are 
now investing in energy optimisation strategies, 
and a number of the largest food and beverage 
manufacturers have already set and met goals 
to source electricity from renewables, usually by 
negotiating power purchase agreements.200,201,202  

If implemented across the sector, these steps could 
drive down the fossil fuel and climate footprint of  
food processing. 

However, while generally feasible, some technical 
challenges remain in terms of scaling the best 
practices, as well as a lack of political will. Firstly, 
energy efficiency measures for the food and 
beverage industry are not well known, understood, or 
prioritized, and most companies, wary of risk, stick to 
the status quo to avoid jeopardizing food quality.203 

Secondly, it remains challenging to electrify and 
improve equipment that runs on fossil gas, still the 
dominant fuel source in food processing, largely due 
to favourable policy incentives that keep fossil energy 
relatively cheap.204  

Electrification – for example, to replace gas boilers 
with electric boilers or heat pumps – requires a large 
initial investment in infrastructure upgrades and 
can significantly raise operating costs, sometimes 
even doubling them.205 Small and medium food and 
beverage manufacturers, in particular, cannot afford 
to invest in energy efficiency or renewable energy 
integration, and lack appropriate  
financing mechanisms.206

Thirdly, shifting food processing to clean electricity 
entails significant additional demand for renewable 
energy, and with it, difficult trade-offs associated 
with the energy transition (more on this in Section 4). 
Although some of these pressures could be alleviated 
by renewable power generation on-site, progress to 
date has been painfully slow, and policy incentives 
remain weak.
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Some firms have made significant investments in 
renewable energy generation. For example, a PepsiCo 
facility in Ireland is generating over 20% of its electricity 
through rooftop solar.207 However, these investments 
in renewable energy generation can be expensive – 2.4 
million EUR in the case of PepsiCo – and often require 
new plants to be constructed in favorable areas. While 
notable, renewable energy investments alone by ultra-
processed food manufacturers do nothing to address 
the broader health and environmental impacts of their 
business models.

Getting fossil fuels out of food and beverage 
manufacturing remains a distant prospect for many 
companies. The most significant levers of change 
remain untouched, and many companies are failing 
to meet or backtracking on their already modest 
sustainability targets.208,209 Arguably, curbing the 
production of UPFs, particularly among the world’s 
largest UPF producers, is the greatest opportunity in 
terms of reducing total energy requirements, reducing 
plastic packaging, and driving major health gains. 

However, food companies are reluctant to address 
UPFs and, in some cases, are actively undermining 
political action (see Box 5). 

Bear in mind that the fossil fuel 
industry and the food industry to 
some extent work hand in glove.
Raj Patel 
Fuel to Fork podcast

BOX 5
HOW THE FOOD INDUSTRY UNDERMINES PUBLIC HEALTH POLICIES

Major food corporations frequently use aggressive tactics to weaken or block public health and 
environmental policies, mirroring the strategies long employed by fossil fuel companies to delay 
climate action.210 As concerns over health and environmental harms have grown, many countries have 
introduced measures to reduce ultra-processed food consumption and ban single-use plastics. In 
response, leading food and beverage companies have worked to undermine these efforts – funding 
research to cast doubt on policy effectiveness, lobbying heavily against regulations, promoting voluntary 
self-regulation as a substitute, and even targeting advocacy groups through threats  
and surveillance.211,212 

The world’s largest food and beverage manufacturers, led by Nestlé, Coca-Cola, Unilever, PepsiCo, and 
Danone, have built an extensive global network of interest groups spanning multiple jurisdictions and 
governance arenas, creating a powerful system that makes it significantly harder for governments to 
implement strong public health and sustainability measures.213 
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REPLACING FOSSIL FUEL-BASED PLASTICS  
WITH BIOPLASTICS
What are bioplastics?

Plastics are rife along the food chain, especially in food 
packaging, and represent a huge source of revenue, 
present and future, for fossil fuel and petrochemical 
firms. While a number of approaches exist to reduce 
plastic packaging, bioplastics have been the main 
focus of attempts to replace conventional plastics in 
mainstream food retail supply chains.

Bioplastics is a broad term covering plastics that 
are bio-based, biodegradable, and/or compostable. 
Bio-based plastics incorporate some portion of 
organic materials into their feedstock, yet they are not 
necessarily biodegradable and often contain fossil-
based additives.214 Bio-based plastics are typically 
made from crops like sugarcane, corn, and potatoes. 
So-called ‘next generation’ bio-based plastics are made 
out of feedstocks such as food waste, algae,  
and mushrooms. 

Biodegradable plastics can be bio-based or entirely 
made out of fossil fuels. Bio-based biodegradable 
plastics are widely used in takeout containers, cutlery, 
and bags, while fossil-fuel-based biodegradable 
plastics are used for mulch films in agriculture, 
compostable refuse bags, and cutlery.

Biodegradable plastics can break down into natural 
components – such as carbon dioxide, water, mineral 
salts, and new microbial biomass – but there is no 
commonly agreed standard for breakdown, with 
degradation periods ranging from weeks 
to centuries.215  

In contrast, compostable plastics must meet more 
stringent standards to ensure full decomposition 
within a set period under specific conditions. For 
example, certain US standards require a complete 
breakdown within 12 weeks in commercial composting 
facilities,216 while Europe’s standard mandates 
total disintegration in three months and complete 
decomposition in six months.217

Where are plastics in the food 
system? I think the more important 
question is, where aren't plastics in 
the food system?
Emma Priestland 
Fuel to Fork podcast
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How viable are these solutions, and how transformative could they be?

Firstly, it is worth noting that bio-based plastics do not 
have identical properties to fossil-based plastic (e.g., in 
terms of durability and temperature resistance), and 
cannot readily replace plastic in its various applications 
in the food chain because of issues of food safety and 
shelf-life. Conventional plastics also tend to be much 
cheaper to produce and procure than the alternatives, 
although public policy incentives have an impact on 
the relative costs and remain skewed in favour of the 
fossil economy.

The economic viability of bio-based plastics depends 
largely on oil, energy, and feedstock prices, which 
shape the cost competitiveness of these materials. 
Limited consumer awareness further hinders their 
adoption.218 These factors may explain why there has 
been so little movement towards bio-based plastics, 
with more than 99% of all plastic still made from fossil 
fuels.219  Further, new evidence calls into question 
whether bioplastics are any safer for human health 
than conventional plastics. Even products made 
largely from biological sources can include fossil-based 
chemical additives.220  Bioplastics have been found to 
contain thousands of chemicals, some toxic, making 
them similarly hazardous to conventional plastics.221 
These include per- and polyfluoroalkyl substances, 
known as PFAS, which have been used for decades to 
make food packaging resistant to grease and water. 
PFAS do not break down easily, which is why they are 
known as ‘forever chemicals.’ PFAS can migrate into 
food and build up in the human body, raising serious 
health concerns including cancer, immune system 
damage, and developmental problems.222

Further, the biodegradability of bioplastics – a key 
part of what makes them environmentally preferable 
to conventional plastics – is not always guaranteed. 
Biodegradation requires an aerobic environment – 
bioplastics will not biodegrade in anaerobic landfills 
– and industrial composting facilities require very high 
heat to compost bioplastics. Adequate composting 
infrastructures are often lacking, and the diversity of 
bioplastic materials presents significant barriers to 
effective recycling.223 Even when composted, compost 
derived from biodegradable food packaging has been 
found to contain PFAS levels up to 20 times higher 
than compost made from manure or separated  
food waste.224 

Beyond this, the scale-up of bio-based plastics raises 
challenges in terms of the diversion of land and 
resources away from food production, similar to 
the challenges facing biofuels. Replacing all plastic 
packaging with bio-based plastics would require over 
half of today’s global maize production, a land area 
larger than France, and 60% more freshwater than the 
EU uses in a year.225,226 

There are therefore major risks of pitting bioplastics 
production against food production, and – through the 
resulting competition for land – spreading agriculture 
into important natural areas and driving deforestation. 
Further, sugarcane, corn, and potato-based plastics 
typically rely on large-scale monocultures grown with 
agrochemicals, undermining the benefits of moving 
away from conventional plastics and adding to soil and 
water contamination from agricultural run-off.

‘Next generation’ bio-based plastics (made from food 
waste, algae, and mushrooms) are touted as a way 
around these issues. However, there are also trade-
offs. For example, food waste diverted to bio-based 
plastics would no longer be available for on-farm uses 
such as feeding animals or providing nutrients to 
soils. Algae scale-up is also problematic. Micro algae 
require significant land and/or large amounts of water, 
energy, and continuous fertilizer input.227 Macro algae 
are connected with widespread disruption of coastal 
ecosystems, and biomass processing that may entail 
significant CO2 release.228

With all of these concerns, it is clear that oversight 
is needed. However, conflicts of interest are rife. 
Bioplastic certification programs are typically led by 
trade alliances and other representatives of bioplastics 
companies, often the same companies that produce 
conventional plastic. For instance, the board of the 
leading US compostable packaging certifier (BPI) 
includes executives from BASF,229 one of four firms 
(along with Syngenta, Bayer, and Corteva) who control 
the majority of the seed and pesticide markets.xviii 
Meanwhile, the trade association European Bioplastics 
counts petrochemical corporations worth billions 
among its members.xix

 

xviii These companies are heavily invested in keeping fossil fuels flowing into petrochemicals. In 2022, BASF was ranked as the third most  
 influential company blocking climate action globally by InfluenceMap, just behind Chevron and ExxonMobil. See InfluenceMap (2022).  
 Corporate Climate Policy Footprint.

xix Members include BASF, TotalEnergies, Asahi Kasei Corporation, LG Chem, and Mitsubishi Chemical. See European Bioplastics. (n.d.).   
 Members list. Accessed March 3, 2025.
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DECARBONIZING TRANSPORT IN GLOBAL  
FOOD SUPPLY CHAINS
What does decarbonizing global food transport entail?

Decarbonizing transport is a major and urgent global 
challenge. Transportation accounts for one-fifth of 
global CO2 emissions – a number that continues to 
rise. The primary focus of efforts to decarbonize 
transportation is on developing and rolling out low- 
or zero-emission vehicles, and in parallel, shifting to 
relatively lower-emission modes of transport wherever 
possible (e.g., substituting some air and road freight 
with rail or maritime shipping to achieve higher 
efficiency per ton-mile).

Given the prevalence of road freight in food 
transportation, and its high per-unit emissions, 
electrifying trucking is a central goal.230,231 Governments 
have set ambitious targets under the Paris Agreement 
and beyond, aiming for significant electrification of 
new truck sales by 2030 and full electrification of 
heavy-duty fleets by 2040 in major economies.232

Electrifying rail freight and powering rail networks 
from renewable energy sources can also dramatically 
cut fossil fuel usage and GHG emissions in agri-food 
and other sectors. Biofuels offer another potential 
alternative to gasoline, but some could be even worse 
for the climate than gasoline (see below).233

Hydrogen- and ammonia-based fuels, including 
‘blue’ ammonia, are also entering the mix, but they 
could be just as bad or worse than conventional 
shipping fuels.234 While potentially relevant in hard-
to-abate sectors where electricity cannot efficiently or 
affordably substitute fossil fuels,235 these applications 
are still in early R&D phases,236 and major question 
marks remain (see below).

How viable are these solutions, and how transformative could they be?

Sustainable transportation technologies are advancing 
rapidly. Declining battery costs, increasing battery 
energy density, and improved charging infrastructure 
and vehicle range are already making electric trucks 
more viable, especially for last-mile and short-haul 
delivery. Regulatory frameworks and incentives, e.g., 
EU policies mandating a 90% reduction in emissions 
by 2040, or California’s zero-emission targets by 2035, 
could further accelerate this transition.237

In regions with robust rail infrastructure, a modal shift 
from road to rail could substantially reduce emissions. 
Further electrification of rail freight also appears to be 
a viable prospect.  However, leveraging the potential of 
rail freight requires investments in rail infrastructure 
(particularly terminals to increase truck-rail transfers), 
as well as overhauling and aligning policy and 
regulations.238,239 Examples of policies that encourage 
a combination of road and rail transport include tax 
exemptions for vehicles used in rail-road transport 
and lowering the minimum required distance for the 
rail portion of a journey. 

 

 

Fossil fuels are a one-time use.  
You take them out of the ground, 
you burn them, and you have to 
take more. With battery materials, 
you use them, and they can be 
recycled. So over time, we have to 
take less and less out of  
the ground.
Rachel Muncrief 
Fuel to Fork podcast
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However, other aspects of change appear further off, 
with fossil fuel dependencies harder to cut. Heavy-
duty electric trucks are more expensive, and trucking 
over long distances is more difficult to electrify due 
to the weight and energy density requirements of 
batteries.240 While battery technologies have improved 
considerably, long-haul operations face range 
limitations and slower charging times. 

Most importantly, the electrification of road and 
rail transport, and the powering of those grids with 
renewable energy, comes with important challenges 
and trade-offs. The production of batteries (e.g., 
for electric vehicles) requires lithium, cobalt, and 
other ‘transition minerals,’ also referred to as ‘critical 
minerals.’ Extraction of these minerals can entail 
mining in ecologically sensitive areas, contested land 
rights, and labor issues.241,242 The broader challenges of 
ensuring a just energy transition will be explored  
in Section 4.

Aviation remains more challenging to decarbonize, 
still, but represents less than 0.5% of global food 
transport emissions.243 Sustainable Aviation Fuels 
(SAFs), produced from natural feedstocks like used 
cooking oil and animal fats, currently represent the 
only viable low-carbon fuel option for aviation. Efforts 
to replace conventional aviation fuel with SAFs face 
significant challenges, including limited commercial 
viability, exaggerated claims, and the immense scale of 
global fuel demand.244 

Sustainable Aviation Fuels account for only 0.3% 
of global jet fuel production, and despite billions 
invested, production remains largely unproven at 
scale.245 Many SAFs are derived from controversial 
sources, including slaughterhouse byproducts and 
industrial monocultures of soy, corn, and palm oil, 
potentially entrenching harmful industrial production 
systems. Aircraft that run on hydrogen are still in 
development, and strict industry regulations will likely 
keep them in the demonstration phase for a long time 
before commercial adoption.246

A first portion of shipping emissions appears more 
straightforward to cut: a 10% reduction in operational 
speed can slash maritime emissions by around 20%, 
while also significantly curbing GHG emissions and 
harmful pollutants like nitrogen oxides and particulate 
matter.247 Many studies show that the benefits of 
slowing down ships outweigh the costs, but measures 
may need to be taken to guarantee food quality over 
longer journeys.248 

Cargill has trialled sail technologies on cargo ships, 
which reduce emissions and fuel consumption by an 
average of 14%.249 These savings have the potential 
to increase with further development, but adoption 
rates across the shipping sector remain low.250  With 
fluctuating fuel prices and freight rates incentivizing 
change, there has also been significant progress on 
ship fuel efficiency, outstripping the requirements 
of frameworks like the International Maritime 
Organization’s Energy Efficiency Design Index.251

However, no straightforward alternative to heavy fuel 
oil is evident yet. Liquefied natural gas (LNG) is the 
most commonly proposed alternative, but the climate, 
human, and environmental health impacts associated 
with the extraction, transport, liquefaction, and 
regasification of LNG are the same as or worse than 
burning fossil gas itself (see Box 6).

There are also major limitations and harmful impacts 
to introducing ammonia-based shipping fuels. Using 
ammonia for shipping would demand equal or even 
double the amount of nitrogen currently used for 
agriculture,252 and competition for the resource 
is significant.253

Ammonia is highly toxic to aquatic life and, if 
spilled, can trigger harmful algal blooms through 
eutrophication, depleting oxygen, and killing marine 
life.254 When used as marine fuel, it also poses risks 
of air pollution by releasing nitrogen oxides, nitrous 
oxide, and unburned ammonia, with limited data and 
technologies available to control these emissions.255 

Further, its status as a ‘clean fuel’ remains largely 
aspirational. With 99% of ammonia production still 
fossil-based, ammonia-based shipping fuels could 
potentially lock in fossil fuel dependence  
(see also Section 1). 
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Finally, the potential of biofuels as a sustainable 
transport fuel, in food systems, or other sectors, 
remains extremely limited and subject to complex 
food-fuel trade-offs. A review of the Renewable Fuel 
Standard in the US (which accounts for nearly half 
of global biofuel production) found that the carbon 
intensity of corn ethanol production was likely 24% 
higher than gasoline and had driven a 3-8% increase in 
annual nationwide fertilizer use.256 

While second-generation biofuels (e.g., made 
from agricultural and forestry waste) avoid land 
competition, they are not currently cost-efficient 
vis-à-vis conventional biofuels and fossil-based 
transportation fuels, requiring more costly and 
complex conversion processes into fuel. In 2021, only 
1% of the total bioethanol production in the EU was 
second generation.257

BOX 6
LIQUEFIED NATURAL GAS (LNG), A ‘SOLUTION’ THAT COMPOUNDS  
MULTIPLE PROBLEMS

• The GHG emissions associated with the extraction, transport, liquefaction, and regasification of LNG 
can nearly match those generated by burning fossil gas itself, effectively doubling the climate impact 
of each unit of energy transported in the form of LNG.258 And the GHG emissions of LNG are 33% 
worse than burning coal due to persistent methane leakage when burned on ships.259 

• In comparison, the life cycle GHG emissions of solar power are less than 7% of those from LNG, while 
wind power generates less than 2% of LNG emissions.

• The estimated human and environmental cost of climate-related damage from US LNG exports was 
$8.1 billion in 2019. By 2030, when US LNG exports are expected to triple, these ‘true costs’ could rise 
to $30.5 billion.260

• LNG extraction and expansion have significant impacts on coastal communities and marine 
ecosystems. In the United States, communities of color disproportionately suffer from poor air quality 
near LNG facilities. Meanwhile, expanding LNG facilities in Mexico, the Philippines, Mozambique, and 
Brazil pose threats to local and global marine ecosystems, as well as to Indigenous and  
local communities.261

• The LNG build-out is also linked to the ammonia hype, and with fossil gas as the feedstock,  
only serves to further entrench fossil fuel dependence (see Section 1).
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3
Addressing fossil  
fuels in kitchens  
and cold chains
Incremental fixes or false solutions?



What is the problem?

Over a third of the world’s population – ranging from 
2.3 to 2.8 billion people in 2020 – relies on highly 
polluting solid fuels like wood, charcoal, and dung for 
cooking.262,263 Reliance on these fuels is particularly 
acute in Sub-Saharan Africa, where more than 80% 
of the population still cooks with polluting fuels, 
a situation that will persist through 2030 without 
significant intervention.264

The burning and gathering of wood and charcoal for 
cooking and heating is responsible for around 2% of 
annual anthropogenic GHG emissions, primarily in the 
form of carbon dioxide and black carbon.265,266 These 
fuels produce harmful pollutants such as particulate 
matter, carbon monoxide, and various volatile organic 
compounds. Chronic exposure to these pollutants 
is linked to severe respiratory and cardiovascular 
diseases, contributing to 3.2 million premature deaths 
each year.267 Cooking that relies on biomass and 
fossil fuels is also a significant but under-recognised 
contributor to urban heat stress, particularly in low-
income countries.268

Women and children bear the brunt of the impacts 
from harmful cooking fuels. High temperatures in 
cooking spaces raise the risk of heat-related illnesses, 
especially for women, who cook three times more than 
men.269 60% of global deaths attributable to indoor 
air pollution occur among women and children.270 
Further, the strenuous work of gathering charcoal, 
dung, and firewood is often performed by women and 
children. The World Bank estimates the negative  
toll of polluting cooking fuels on health, the  
environment, and gender equality at an astounding  
USD 2.4 trillion annually.271 

While shifting from solid fuels to fossil-based gaseous 
fuels, e.g., liquefied petroleum gas, represents an 
improvement in terms of moving to cleaner fuels, 
and liquefied petroleum gas can be scaled rapidly 
with minimal infrastructural investment, burning gas 
indoors still emits pollutants harmful to the climate 
and human health, including particulate matter and 
nitrogen oxides that can exacerbate respiratory 
illnesses, particularly in children.272,273,274 In the US and 
Europe, where electric cooking (45%) is now more 
common than gas cooking (39%), some  
governments are enacting policies to phase out  
gas-based cooking.275 

Refrigeration is another aspect of the food chain 
with a substantial energy footprint. Although only 
40% of foods require refrigeration, refrigerators and 
freezers consume roughly 15% of global electricity,276 
accounting for some 40% of energy consumption by 
the retail and supermarket sector.277 Open refrigerated 
displays, common in retail stores, can consume up to 
five times more energy than closed units.278 

Food security is not only what goes 
into the pot but also what goes 
underneath that pot.
Christa Roth 
Fuel to Fork podcast

Liquefied petroleum gas is a fossil 
fuel. Its whole supply chain has a 
huge climate footprint. While it 
may be cleaner to burn than solid 
fuels, you still have pollution.
Christa Roth 
Fuel to Fork podcast
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Failure to ensure an effective cold chain has climate 
impacts of its own. Globally, 620 million metric 
tons of food are lost per year due to insufficient 
refrigeration,279 meaning that all of the energy, inputs, 
and resources invested through the lifecycle of that 
food are wasted. This trend is particularly pronounced 
in low-income countries, where only about 20% of 
perishable food is refrigerated.280 Furthermore, it has 
been estimated that inefficient cold chains around 
the world generate more than triple the annual GHG 
emissions of Canada;281 and halving food loss and 
waste across the entire supply chain could mitigate up 
to 8% of annual GHG emissions.282,xx

 
 

Cold chain and food storage failures also have 
huge socio-economic impacts. In many low-income 
countries, inadequate refrigeration is a major cause 
of food loss – accounting for 37% in Sub-Saharan 
Africa, primarily within the critical ‘first mile’ between 
harvesting and processing.283 As a result, farmers face 
significant spoilage and may be forced to sell quickly 
at unfavorable prices. Post-harvest losses have been 
estimated to cost smallholder farmers in the Global 
South as much as 15% of their income,284 undermining 
local and national food security. In the Global North, a 
significant proportion of food waste – and associated 
climate costs – occurs downstream, driven by a 
combination of retailer practices and  
consumer behavior. 

xx The percentages listed are in relation to 2019 annual greenhouse gas emissions, which reached 57.4 gigatons of CO2 equivalent   
 emissions. This figure is based on the EDGAR data set, which is the most comprehensive data set on global greenhouse emissions up to  
 2019. See PBL Netherlands Environmental Assessment Agency. (2020). Trends in global CO2 and total greenhouse gas emissions:  
 2020 Report.

SHIFTING TO EFFICIENT COLD CHAINS, CLEANER 
COOKING FUELS, AND ELECTRIFIED KITCHENS
What are the main pathways to cleaner kitchens, cold chains,  
and refrigeration?

The definition of a more sustainable kitchen is 
dynamic and context-dependent. Where refrigeration 
is concerned, the focus of discussion is on closing the 
gap between low- and high-income countries, and 
upgrading cold chains to best-practice standards. In 
developed contexts, where refrigeration is already 
widespread, the focus is on converting electrical grids 
to renewable energy, improving efficiency, and curbing 
retail-level food waste. Efficiency gains can be made 
through energy-efficient practices and technologies.

The challenges are equally varied in terms of cooking. 
Gas-based cooking is cleaner than burning biomass 
and kerosene. In regions still largely reliant on solid 
fuels, shifting to fossil gas cooking can slash indoor air 
pollution, enable more efficient combustion, and lower 
GHG emissions, as well as curbing the environmental 
degradation and gender inequity associated with 
charcoal and firewood gathering.285

Elsewhere, the focus may be on moving from gas 
to electric cooking, particularly induction stoves, 
ultimately powered by renewable energy. Electric 
stoves would eliminate harmful air pollution 
associated with gas stoves.286  

Induction stoves are three times more efficient than 
gas stoves and 10% more efficient than traditional 
electric ranges.287 Indeed, approximately 40% of 
countries’ climate plans include references to 
cooking.288 Solar-powered cookers provide a key 
avenue to potentially accelerate the transition to clean 
cooking, especially in low-income countries. 

An induction stove is 90% efficient. 
As opposed to gas, where for every 
dollar you spend on energy, at best 
35 cents is used.
Chef Chris Galarza 
Fuel to Fork podcast
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We need to look critically at 
refrigeration and scale back 
unnecessary uses. For example, 
we need to stop selling so many 
carbonated beverages in coolers.
Errol Schweizer 
Fuel to Fork podcast

How viable are these solutions, and how transformative could they be?

Improvements in the cold chain appear to be viable 
and to potentially have a high impact. Improving 
access to refrigeration in low-income countries could 
prevent up to 25% of food losses due to inadequate 
cold storage infrastructure.289 Closing the gap between 
high-income and low-income countries could halve 
combined emissions from refrigeration and food 
loss (even accounting for the increased energy 
consumption of an expanded cold chain).290 Further 
fossil fuel reductions would be unlocked as electrical 
grids transition to renewable energy. 

There are also low-hanging fruits in the retail sector, 
though corporations are highly reluctant to shift 
existing business models. Simple measures – such 
as adding doors to refrigerated display cabinets, 
conducting better maintenance, and investing in 
high-efficiency refrigeration technologies – could halve 
grocery store energy use.291 At the same time, food 
waste policies that encourage clearer date labeling and 
consumer education can potentially help to minimize 
waste and deliver significant environmental and 
economic benefits. 

However, energy efficiency and the decarbonization of 
energy sources remain low priorities for most retailers, 
as energy accounts for only a small portion of overall 
production costs in the sector.292  

As a result, companies often pursue only minimal 
improvements, with little incentive to fundamentally 
shift their business models. For instance, Kroger – one 
of the largest grocery retailers in the United States – 
has well-documented needs for increased staffing, 
infrastructure repairs, and store modernization. 
Yet rather than investing in these areas or in clean 
energy initiatives, the company chose to prioritize 
shareholder returns, executing a USD 7.5 billion stock 
buyback in 2024.293
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Where cooking is concerned, solution pathways are 
more varied, more complex, and potentially even more 
transformative. A global shift from polluting fuels to 
cleaner alternatives such as liquefied petroleum gas 
(LPG) and electric cooking could cut cooking-related 
GHG emissions by up to 40% compared to 2018 
levels – if universal adoption is achieved by 2040.294 
Encouragingly, the number of people using polluting 
fuels is projected to fall from 2.3 billion to 1.9 billion 
by 2030.295 While LPG and electric cooking may initially 
offer similar emissions outcomes where grids rely 
on fossil fuels, the growing share of renewables 
means electric cooking could deliver deeper, long-
term reductions and ultimately approach a near-zero 
carbon footprint. 

In low-income settings, solar and solar-electric 
(hybrid) cookers offer opportunities to cut reliance 
on harmful solid fuels or other fossil-based cooking 
systems. About four million solar cookers had been 
distributed globally by 2021.296 New hybrid solar-
electric cookstoves are also nearing commercial 
viability. Solar-electric cookers have been successfully 
piloted by UNHCR in a range of locations, including 
displacement settings.297 In 2023, India launched a new 
solar-electric cookstove technology, aiming to reach  
30 million households within the first few years of  
the program.298 

Although there are persistent barriers to the uptake of 
electric cooking in low-income settings (including high 
up-front costs), initial evidence suggests that hybrid 
solar-electric cookers could be well-adapted to these 
contexts, as well as helping to overcome some of the 
challenges associated with solar cookers, including 
slow cooking times and intermittency of power.299 

Further, governments can set stricter air emissions 
standards, incentivize electrification, or mandate 
building codes that encourage all-electric appliances in 
new construction. For example, both Washington State 
and New York State require new buildings to meet 
high standards of energy use efficiency, with New 
York banning fossil gas for both heating and cooking, 
incentivizing enhanced market offerings of cleaner 
cooking solutions.300,301,302 

However, such measures often face fierce resistance 
from the fossil fuel industry. In Berkeley, the first US 
city to ban gas hookups for new buildings, industry 
pushback led to the policy being overturned.303 Across 
the US, gas industry front groups are infiltrating 
neighborhood organizations, deploying social media 
influencers, and bombarding communities with 
messaging to sow controversy over local bans on  
fossil gas.304

Meanwhile, current levels of global financial and policy 
support for clean cooking are falling far short of what 
is needed to meet Sustainable Development Goal 
7 – ensure access to affordable, reliable, sustainable, 
and modern energy for all. Advocates calculate that 
at least USD 5 billion in financing must be invested in 
the clean cooking sector by 2025, USD 10 billion by 
2027, and USD 20 billion by 2030.305 In 2020, improved 
cookstoves received USD 51 million in financing while 
electric cooking accounted for less than USD 5 million 
of tracked investments.306 Without expanded and 
equitable financing, technology dissemination will 
remain slow and uneven, and the potential health, 
social, and environmental gains will remain unrealized.

The term ‘natural gas’ was a 
corporate construction. The 
industry created a norm around 
cooking in our homes with a toxic 
gas and marketed it as  
totally safe.
Anna Lappé 
Fuel to Fork podcast
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4
Conclusion
What will it take to get fossil fuels out of food systems?



THE DANGERS OF ‘TECHNO-FIXES’ AND WHY ONLY 
TRANSFORMATIVE CHANGE WILL DO
Some of today’s most widely-promoted ‘fixes’ risk 
locking-in fossil fuel dependence in food systems 
for decades to come – and these approaches 
are being rolled out at pace. In particular, the 
digitalization of agriculture is driving rapid expansion 
of energy-intensive data centers, while assuming 
perpetual usage of fossil-based chemical fertilizers and 
pesticides, albeit in more precise applications. Further, 
digital farming platforms are plugging data into 
new generations of fossil fuel-powered machinery, 
including tractors with a 20-30-year lifespan. Much of 
this so-called 'disruptive' innovation is being driven 
by chemical-intensive commodity crop systems that 
remain propped up by substantial  
government subsidies.307

Despite mounting concerns and underwhelming 
performance, government support for carbon capture 
and storage (CCS) tied to ‘blue’ hydrogen and ammonia 
production is growing. These facilities demand 
extensive new infrastructure, cementing long-term 
fossil fuel dependency.

Meanwhile, many of the substitution strategies being 
promoted – like ‘green’ ammonia or bioplastics – fail 
to address the root problems. Green ammonia does 
nothing to reduce the nitrogen pollution harming 
air, soil, and water. Bioplastics, often marketed as 
sustainable, may not biodegrade effectively and 
frequently contain thousands of synthetic chemicals 
that raise similar health and environmental concerns 
as conventional plastics. Both solutions also carry 
heavy land and natural resource footprints, worsening 
competition for land and undermining other 
sustainability goals.

The prevalence of these ‘fixes’ reflects a skewed 
and increasingly privatized innovation paradigm. 
With public investment in agricultural research 
and development (R&D) declining, the field is now 
largely driven by private sector interests, particularly 
agribusiness and tech companies. Their R&D priorities 
are guided by profitability, not the public good. As a 
result, innovation is focused on sustaining demand for 
proprietary inputs like agrochemicals and genetically 
engineered seeds, rather than shifting away  
from them.

This emphasis comes at the expense of approaches 
aimed at redesigning systems more fundamentally, 
through a mix of technological, social, and 
organizational innovation. Deregulation of both 
products and processes further removes public 
oversight from these technologies, leaving little 
space for democratic input or accountability. The 
public interest – equity, sustainability, and long-term 
resilience – is effectively absent from the dominant 
innovation agenda (as will be explored in IPES-Food’s 
upcoming report on innovation pathways).

Dominant high-tech ‘solutions’ are also 
consolidating power in new and troubling ways. 
Digital agriculture platforms are giving unprecedented 
control to major tech firms and agribusinesses, 
while new genetic engineering and synthetic biology 
technologies pose similar risks. This concentration of 
power is not incidental – it is actively reinforced by the 
rising political influence of these industries. As food 
systems increasingly cater to corporate priorities, 
the convergence of agribusiness, big tech, and fossil 
fuel interests poses a serious threat to democratic 
governance and public accountability.

 

 

The unequal power structures in 
food systems make it so that we're 
on this incredibly tilted plane where 
the multi-billion dollar players in 
the system keep urging us toward 
their high-cost pseudo-solutions.
Darrin Qualman 
Fuel to Fork podcast
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Today, agribusiness spends more on lobbying the US 
Congress than the fossil fuel sector.308 At global climate 
and plastics negotiations, corporate lobbyists routinely 
outnumber country delegations, using obstruction, 
misinformation, and intimidation to derail progress 
(see Box 7). They dominate decision-making spaces 
while sidelining frontline communities and public 
interest voices.

Major food corporations employ the same tactics as 
oil and gas companies to weaken or block regulations, 
from public health measures to environmental 
protections.309 Without reclaiming public control 
over food and energy policy, and reorienting 
innovation toward equity and sustainability, 
corporate-led ‘fixes’ will only entrench the very 
crises they claim to address.

Corporate capture of UN treaty 
negotiations is a severe problem. 
From plastics to climate, we’re 
seeing the same playbook – 
industry lobbyists embedded in 
country delegations, shaping 
policies to serve corporate 
interests, not the public good.
Emma Priestland 
Fuel to Fork podcast

BOX 7
HOW INDUSTRY LOBBYISTS DERAIL GLOBAL CLIMATE AND PLASTICS AGREEMENTS

The Global Plastics Treaty is a UN-led initiative aiming to create a legally binding agreement to 
tackle plastic pollution across its entire life cycle – from production to disposal. But after two years of 
negotiations, talks collapsed in December 2024. A key sticking point was the refusal of oil-rich nations, 
led by Saudi Arabia, to accept any deal that placed limits on plastic production.310 Industry influence 
was overwhelming: over 220 fossil fuel and chemical lobbyists attended the final round of negotiations, 
representing the largest single delegation.311 Companies like Dow and ExxonMobil had some of the most 
lobbyists present.

Fossil fuel influence is also rampant at the annual climate negotiations, the UN Climate COPs. At COP29 
in 2024, more than 1,700 fossil fuel lobbyists were granted access, outnumbering nearly every national 
delegation.312 This follows a record-breaking 2,456 fossil fuel lobbyists attending COP28, which was 
hosted by the head of the UAE’s national oil company.313 Industry-affiliated lobbyists at COP28 were 
nearly four times the number present at COP27 in Sharm el-Sheikh.

Industrial agribusiness lobbyists are also increasingly active at climate negotiations. At COP29, 204 
agribusiness lobbyists attended,314 and 340 attended COP28.315 Notably, nearly 40% of lobbyists at 
COP29 held country delegation badges, giving them privileged access to negotiations, up from just 5%  
at COP27.

While the COP28 agreement included a call for a “transition away from fossil fuels in energy systems,” 
marking a shift from earlier texts that avoided naming specific sectors or actions, it still failed to address 
fossil fuel use in food systems.316
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Therefore, a holistic transformation of food 
systems is essential – one that not only shifts 
practices but also challenges the entrenched 
power structures shaping them. Central to this is 
dismantling the agrochemical–petrochemical complex, 
which continues to drive ecological harm, fossil fuel 
dependence, and corporate consolidation. There 
are major opportunities to drastically cut fossil fuels, 
agrochemicals, and plastics in food systems, and 
move toward healthier, more sustainable alternatives. 
Before outlining this holistic vision, the next section 
examines a critical prerequisite for any meaningful 
shift away from fossil fuels: a just energy transition.

The question I'm always keen on 
is not what can we substitute for 
fossil fuels, but what structural 
change would be required to make 
fossil fuels irrelevant?
Raj Patel 
Fuel to Fork podcast

The majority of coal and natural  
gas burning goes towards 
generating electricity. That is 
something that we can substitute. 
But how we mobilize the capital to 
ensure the transition happens in a 
swift and just way is political.
Gabe Eckhouse 
Fuel to Fork podcast

A FOSSIL FUEL-FREE FOOD SYSTEM DEPENDS  
ON A JUST ENERGY TRANSITION
Plans to phase out fossil fuels in any sector of society 
rely on mass electrification and extensive production 
of renewable energy. Cleaner food processing, 
sustainable transportation, and other proposed 
solutions all require abundant, renewable-powered 
electricity. This approach underscores a central 
challenge: how to generate sufficient clean energy and 
ensure it is distributed equitably. In short, achieving a 
fossil fuel-free food system hinges on a just  
energy transition.

A successful clean energy transition will require 
renewables-based electricity to become the 
backbone of the energy system, supported by 
major improvements in energy efficiency and 
energy storage. Reducing overall energy demand 
through efficiency not only eases pressure on 
renewable infrastructure but also enhances resilience 
and accelerates the transition. Ensuring reliability 
from intermittent sources like wind and solar requires 
increased battery storage, demand response, and 
grid flexibility.317 However, battery technology must 
rapidly advance and expand, including innovations 
in chemical makeup and improved recycling.318 As 
highlighted by the recent blackouts in Spain and 
Portugal, it is also crucial to upgrade electricity grids to 
cater for increased renewable power, as current grids 
are insufficient.319,320
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Renewable energy has become increasingly 
competitive. In 2023, 96% of new solar and onshore 
wind capacity cost less than new coal and fossil gas 
plants, and three-quarters of new solar and wind 
projects delivered cheaper electricity than existing 
fossil fuel facilities.321 By 2024, clean power surpassed 
40% of global electricity generation, driven by record 
growth in renewables, particularly solar.322

However, global energy demand continues to 
outpace the expansion of clean energy, climate 
change poses increased challenges, and emissions 
continue to rise.323 Heatwaves in 2024 drove a surge 
in cooling demand, pushing electricity demand up by 
4% – far above the 2.6% rise in 2023.324 This led to an 
increase in fossil power generation and record power 
sector emissions. Without major gains in energy 
efficiency, the clean energy transition will remain 
a race with an ever-distancing finish line.

Further, renewable energy production, storage, 
and transmission rely on ‘transition minerals’ 
like lithium, cobalt, and rare earth elements, whose 
extraction poses environmental risks, human rights 
violations, threatens biodiversity, and can lead to 
conflicts over land and resource rights.325,326 For 
example, the civil conflicts that have ravaged the 
Democratic Republic of the Congo are closely tied to 
the country’s wealth of ‘transition minerals.’  

Along with fossil fuel extraction, securing access to 
‘transition minerals’ is now shaping global geopolitics 
and creating harmful new dependencies, as 
exemplified again in Ukraine.xxi 

Moreover, the growing energy demand, driven by 
sectors such as data centers and artificial intelligence, 
raises significant questions about who benefits from 
this energy and how equity can be ensured in the 
global transition to renewable energy.

These challenges are further exacerbated by highly 
inequitable North-South relations. Under the Paris 
Agreement, high-income countries have pledged 
to lead the phase out of fossil fuels, yet they are 
granting record numbers of oil and gas licenses, and 
are consistently falling short on climate targets and 
finance for climate adaptation and energy transitions 
in low-income countries (see Box 8).327 As a result, G20 
nations account for nearly 90% of global renewable 
power capacity to date,328 while low-income countries 
still face prohibitive costs. UNCTAD estimates that a 
clean energy transition for 48 developing economies 
would require USD 5.8 trillion annually, approximately 
20% of their collective GDP.329 

Over half of the minerals needed 
for the energy transition are 
located on or near lands of 
Indigenous and peasant peoples. 
The green energy transition must 
be decolonized. We don't want to 
exchange one form of exploitation 
for another.
Nnimmo Bassey 
Fuel to Fork podcast

Until we stop fossil fuel extraction, 
we are going to be stuck. 
Renewables are just augmenting 
fossil fuels for now, not replacing 
them significantly.
Molly Anderson 
Fuel to Fork podcast

xxi At the time of writing, US security guarantees to Ukraine remain contingent on access to Ukrainian oil, gas, coal, and minerals (including  
 rare earths), demonstrating the geopolitical importance attached to fossil fuels and critical minerals, and suggesting that the interests  
 of major powers will override other concerns in terms of the future exploitation of these resources. See Democracy Now! (2025, May 1).  
 Is Trump’s “minerals deal” a fossil fuel shakedown? Antonia Juhasz on new U.S.-Ukraine agreement.
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At the same time, the costs of critical mineral 
extraction are disproportionately borne by low-
income countries, often by Indigenous Peoples 
who do not benefit from the renewable energy these 
minerals help produce. Over the coming decades, 
the risks of extractivism escalating at unprecedented 
scales – where raw materials flow from South to  
North and dirty technologies from North to South  
– are significant.

In food systems, like in many other sectors, it is 
therefore critical to ensure that efforts to phase 
out fossil fuels are part of a just energy transition. 
This requires careful strategies to phase out fossil 
fuel extraction and accelerate electrification, energy 
efficiency, and battery storage, while managing 
associated risks and ensuring an equitable energy 
transition with clearly differentiated responsibility 
among world regions (see Box 9).

The future of the planet is 
inseparable from the future of the 
working class – and if we ignore 
that, we end up with climate 
solutions that just punish the 
working class.
Raj Patel 
Fuel to Fork podcast

xxii The United States is the only country to have officially withdrawn from the Paris Climate Agreement. It officially withdrew in 2020 but   
 rejoined in 2021, and recently announced its withdrawal in January 2025 which will take effect in January 2026.

BOX 8
HOW THE MOST POWERFUL COUNTRIES ARE FAILING ON FOSSIL FUEL PHASE-OUT

Diversified, wealthier economies, including the UK, the US, Canada, Norway, and Australia, are in the 
strongest position to transition away from fossil fuels. However, instead of leading the shift to renewable 
energy, they continue to expand fossil fuel extraction, issuing a record 825 new oil and gas licenses in 
2023.330 These five countries account for over two-thirds of all new global oil and gas licenses since 2020. 
The US alone is fast-tracking 688 new fossil fuel projects in 2025, including pipelines and power plants, 
and bypassing environmental reviews and public input.331

Meanwhile, emerging economies like India and China are rapidly expanding fossil fuel production. 
Across the G20, fossil fuel subsidies hit a record USD 1 trillion in 2022 – over four times the 2021 level 
– driven largely by consumer pressure to offset high fossil fuel prices.332 India aims to scale up solar 
and wind capacity, but progress remains slow, and it has made no commitment to phase out coal. 
Coal production and imports hit a record high in early 2024, fueled by rising electricity demand during 
extreme heatwaves.333 Coal remains central to India’s energy mix, with ongoing subsidies, tax incentives, 
and plans to expand domestic mining. While renewables do receive support, subsidies for fossil fuels are 
eight times greater.334 China, meanwhile, has surpassed its 2030 wind and solar deployment target six 
years early, yet coal remains China’s dominant energy and emissions source.335 Despite an 83% drop in 
new coal permits in early 2024, construction remains high due to many approvals from 2022–2023.336

While the Paris Agreement calls for an immediate halt to new fossil fuel developments and a sharp 
decline in production, governments have continued to accelerate fossil fuel expansion, undermining 
their climate commitments.337,xxii Governments collectively still plan to produce more than double the 
amount of fossil fuels in 2030 than would be compatible with limiting global warming to 1.5 °C. 338 
Redirecting the annual USD 570 billion projected for new oil and gas projects by 2030 to wind and solar 
energy could fully bridge the investment gap needed to meet climate targets for these renewables.339 
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BOX 9
GLOBAL FRAMEWORKS FOR A JUST ENERGY TRANSITION

The governments of Tuvalu and Vanuatu proposed a groundbreaking collective action framework at the 
2022 COP27 climate summit: the Fossil Fuel Non-Proliferation Treaty. This proposed international 
agreement calls for a coordinated global effort to halt the expansion of fossil fuel production, equitably 
phase out existing extraction, and scale up investments in renewable energy and a just transition. 
The treaty directly confronts the political reality that no country wants to cut production alone while 
others profit. It has garnered growing support, including endorsements from 135 cities and subnational 
governments, over 3,390 organizations and institutions, and hundreds of elected officials. 

Nearly 350 civil society groups have endorsed the 2024 Civil Society Equity Review report, Fair Shares, 
Finance, Transformation, which assesses national climate pledges for 2035 and sets fair share 
benchmarks for emissions cuts and fossil fuel phaseout. It proposes a just transition framework that 
protects workers, communities, and those most affected by climate impacts. The report argues that the 
financial resources for a fair global transition exist, outlines multiple avenues for raising climate finance, 
and details both short- and long-term reforms to end fossil fuel dependence and address deepening 
global inequality.

In 2024, to address the challenges around equity, transparency, investment, sustainability, and human 
rights concerning ‘transition minerals,’ the UN established a Panel on Critical Energy Transition 
Minerals. The panel's findings emphasized the need to promote a fair transition to renewable 
energy while leveraging ‘transition minerals’ for sustainable development. It called for ensuring that 
countries and communities rich in these minerals benefit economically, particularly through local value 
creation, while safeguarding environmental and social interests. Additionally, the panel recommended 
strengthening international collaboration by aligning and harmonizing existing norms, standards, and 
initiatives, and identifying areas for increased multilateral action.

HOLISTIC APPROACHES TO GET FOSSIL FUELS OUT OF 
OUR FOOD SYSTEMS
This section maps out the systemic shifts needed to 
move beyond fossil fuel-dependent food systems. 
It outlines a bold, holistic vision for transforming 
how food is produced, distributed, and consumed 
– one that significantly reduces fossil fuel use in the 
medium term, and ultimately aims to eliminate it 
altogether. These changes are by nature fundamental 
and systemic, requiring huge changes in practices, 
economic structures, and political incentives. We 
highlight the transformative approaches already 
gaining traction, examine the barriers to their broader 
adoption, and identify the levers needed to accelerate 
their implementation.

To break with fossil fuels is to crack 
open our imagination radically.
Raj Patel 
Fuel to Fork podcast
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Transforming agricultural practices to phase out fossil fuels

On the production side, holistic redesign approaches 
have considerable momentum and an increasing 
body of evidence behind them. It has been estimated 
that changes to production practices that prevent 
and reverse land-use change and land degradation 
could mitigate about 18% of annual GHG emissions, 
while building soil fertility, protecting ecosystems, and 
strengthening resilience to climate shocks.340 

In particular, agroecological approaches that recycle 
organic materials as nutrient inputs can significantly 
reduce the reliance on agrochemicals – potentially 
enabling a complete phase-out when coupled with 
dietary shifts – without switching to ‘blue’ and ‘green’ 
nitrogen fertilizers (and the harms they entail), or to 
potentially risky forms of ecosystem engineering and 
genetic pesticides.xxiii

Studies show that nitrogen use could be drastically 
reduced today without affecting yields, as globally, 
more than half of the nitrogen fertilizers applied to 
crops are lost to the environment. Immediate, steep 
cuts in nitrogen fertilizer use are possible by 
improving efficiency through minimizing waste, 
recycling nutrients, using cover crops and crop 
rotations, and cutting back application in  
high-use areas.341

But efficiency gains are not enough. Using nitrogen 
fertilizers more efficiently does not address the 
underlying degradation of soils or break farmers’ 
dependence on fossil-based inputs. Through 
diversified agroecological systems, agrochemicals can 
ultimately be phased out and fertility rebuilt through 
ecological processes. 

Agroecological practices for improved fertility 
include cover cropping, enhanced crop rotations, 
the use of microbial inoculants,xxiv growing 
nitrogen-fixing legumes, crop diversification, 
agroforestry, and integrating crops and livestock 
(see Figure 7). 

Studies analyzing extensive trial data from both 
low-input systems in Africa and high-input systems 
in Europe have confirmed a positive link between 
crop diversity and productivity.342,343 The findings 
demonstrate that crop yields increase as crop diversity 
rises, and when legumes are included, they reduce the 
need for synthetic nitrogen fertilizers. This conclusion 
is further supported by a global meta-analysis of over 
400 trials, which found that incorporating legumes 
into crop rotations, across various legume species and 
staple crops, boosts the yield of main crops.344

xxiii Agroecology is the application of the science of ecology to the study, design, and management of sustainable food systems, the   
 integration of the diverse knowledge systems generated by food system practitioners, and the involvement of the social movements   
 that are promoting the transition to fair, just, and sovereign food systems. In other words, agroecology is understood as a    
 science, practice, and as a social movement. See High Level Panel of Experts on Food Security and Nutrition. (2019). Agroecological   
 and other innovative approaches for sustainable agriculture and food systems that enhance food security and nutrition. FAO.

xxiv Biofertilizers, biostimulants, and biopesticides are terms used to describe biologically derived products (from bacteria, fungi, or plant  
 extracts) intended to support plant health and reduce reliance on synthetic agrochemicals. However, formal definitions remain   
 inconsistent, and there is growing concern over the rapid commercialization and corporate capture of these technologies. This trend  
 risks reinforcing farmer dependence on costly external inputs, despite the fact that many farmers, especially in the Global    
 South, already possess the knowledge and means to produce effective bio-based inputs locally. See AFSA, (2023, April 23). Are   
 biofertilizers a part of the solution to Africa’s concerns with soil health and the environment? and War on Want. (2021, February 12).   
 Building alternatives to toxic pesticides: peasant agroecology in Kenya.

Agroecology isn’t just about 
switching to natural inputs. It’s 
about reestablishing biological 
relationships and ecological 
functions, feeding the soil, and 
recycling nutrients.
Georgina Catacora-Vargas 
Fuel to Fork podcast
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FIGURE 7

AGROECOLOGICAL PRACTICES THAT ENHANCE SOIL FERTILITY AND ELIMINATE THE NEED FOR SYNTHETIC 
FERTILIZERS AND PESTICIDES
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The work that sustains life – 
farming, care, cooking – is deeply 
undervalued. We need to redignify 
peasant agriculture and all forms  
of care work.
Georgina Catacora-Vargas 
Fuel to Fork podcast

Meanwhile, many agroecological practices can also 
help farmers eliminate chemical pesticides and 
improve yields.345,346 Integrated pest management 
(IPM) – relying on natural pest control methods and 
using chemical pesticides only as a last resort – can 
also significantly cut pesticide use and, in some cases, 
boost yields by supporting pollinator populations.347,348 

However, despite its original intent, IPM is often 
practiced with continued heavy pesticide use, partly 
due to unclear definitions and the agrochemical 
industry’s influence.349 In contrast, early studies of 
pesticide- and fertilizer-free systems like Community-
Managed Natural Farming practices in Andhra Pradesh 
show that yields can match or even exceed those of 
conventional farming (see Box 10).350  

Agroecological practices not only break the cycle of 
dependence on synthetic inputs, but also strengthen 
food security and nutrition across individual, 
household, and regional levels – particularly when 
multiple elements of agroecology are integrated.351 A 
study conducted in Ecuador, for example, found that 
agroecological farmers spend less on food than their 
non-agroecological neighbours while maintaining 
more nutritious diets rooted in traditional foodways.352 

These co-benefits extend beyond farming methods 
and are closely tied to the social networks and 
localized markets fostered by agroecology, which 
support solidarity-based economies and health-
promoting environments. As low-input systems, 
agroecological models also increase farmers’ 
autonomy over their means of production, enabling 
more dignified and resilient livelihoods.353 

However, a complete, global phase out of 
agrochemicals cannot be accomplished without 
a shift in diets. Research shows it would be possible 
to feed 10 billion people without synthetic nitrogen 
fertilizer and without additional land use, if global diets 
shifted, specifically, a shift to more diverse, lower-meat 
diets in high-meat-consuming regions.354 

Healthy diets tend to be low-emission diets,355 and 
beyond emissions and public health benefits, shifting 
to diets rich in fruits and vegetables, whole grains, 
nuts, and legumes, and with dramatically lower meat 
consumption in high-income countries would also 
reduce biodiversity loss.356 

When integrated into crop rotations, legumes 
can provide much of the nitrogen needed for 
plant growth, while also enhancing soil structure, 
suppressing pests and weeds, and contributing to 
healthy diets. Importantly, without such dietary 
changes, eliminating synthetic nitrogen fertilizers 
would almost certainly trigger food shortages or 
widespread deforestation.357 
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BOX 10
AGROECOLOGY IN ACTION ACROSS THE WORLD

In Cuba, the collapse of the Soviet Union and the US trade embargo set in motion the Campesino-
to-Campesino Agroecology Movement (MACAC), described by some as an agroecology revolution.358 
Supported from the outset by the Cuban Association of Small Farmers (ANAP), farmers in MACAC 
exchanged knowledge through a farmer-to-farmer model that became the cornerstone of the 
transition.359 On farms, synthetic inputs were replaced with biofertilizers and biopesticides, later evolving 
into holistic practices such as crop diversification and agroforestry.360 The movement also gained backing 
from the government, NGOs, and scientists.361,362 More than half of Cuban peasant farmers (200,000 
families) now participate in MACAC, over 3,000 cooperatives are part of ANAP, and small-scale farmers’ 
productivity has doubled over 20 years, while increasingly feeding local communities (up to 80% in  
some regions).363,364,365

In India, the Andhra Pradesh Community-Managed Natural Farming (APCNF) program, launched in 
2016, is the world’s largest agroecological initiative. It is piloted by Ryuthy Sadhikara Samstha (RySS), a 
non-profit organization established under the Andhra Pradesh Department of Agriculture. Aiming to 
transition 6 million farmers across 6 million hectares, APCNF is based on zero-budget natural farming, 
which rejects synthetic inputs.366 Natural farming includes practices such as crop diversification, 
biological pest control, soil conservation, and the use of indigenous seeds and natural inputs.367 Today, 
nearly 1 million farmers on over 1 million acres are enrolled in the program, resulting in economic and 
environmental co-benefits.368 RySS also collaborates with governments, research institutes, and other 
organizations to scale up natural farming in India and beyond.369

The Drôme valley in southeastern France, home to 56,000 residents across 2,200 km2, has become a 
leading site of agroecological transition. In the 1960s-70s, organic pioneers – local farmers and urban 
newcomers – sparked this transition through peer-to-peer knowledge exchange networks, supported 
by extension agents promoting organic inputs.370 By the end of the 1990s, organic supply chains, long-
term agroecological programs, and short distribution networks were established.371 In 2009, local 
authorities gave new momentum to the movement with the Biovallée project, shaped by participatory 
governance from local actors. Its goals include reaching 50% organic farmland, cutting synthetic inputs 
in conventional farming by 50%, and sourcing 80% organic and/or local food in public catering by 
2040.372 The project also promotes energy transition, biodiversity, soil and water protection, and green 
employment. These efforts have resulted in organic farmland growing from 19% in 2008 to 38% in 2023 
(over three times the national average).373,374

Whether digital precision technologies are needed 
to complement these agroecological approaches, 
and to what extent they are appropriate for small-
scale farms, remains highly contested. Some hybrid 
approaches are emerging whereby technological 
tools are integrated into farmer-led processes. For 
example, through initiatives such as the ‘Laboratorio 
de Tecnologías Abiertas’ in Argentina, where small 
farmers are working together in cooperatives, 
alliances, and networks to bring together, store, 
control, and make collective use of their  
farm-level data.375

Crucially, agroecology is not only about sustainable 
farming practices – it is also about transforming power 
in food systems. That means shifting control over land, 
seeds, technology, and knowledge into the hands of 
small-scale farmers, and ensuring that food system 
decisions are made collectively, democratically, and in 
the public interest.376
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Agroecological systems tend to be more labour- and 
knowledge-intensive, relying less on fossil-fuel-
powered machinery such as tractors. While this raises 
questions about economic viability, it is important to 
note that farming, regardless of method, is often not 
economically viable in many parts of the world, in large 
part because it is heavily subsidized by governments, 
but at uneven rates. Vast subsidies in high-income 
countries make food production hard to compete with 
in low-income countries. However, subsidies tend to 
favour chemical-intensive, industrial agriculture, while 
agroecological approaches typically receive little or 
no comparable support.377 This policy imbalance has 
contributed to underinvestment in more  
sustainable models. 

Nevertheless, agroecological systems, while more 
labour-intensive, tend to be more profitable.378 Given 
the potential of agroecology to generate more – and 
more meaningful – employment in rural areas,379 
many now argue that creating quality rural jobs 
should be a central aim of agricultural policy. There 
is also considerable scope for farms to reduce 
their on-farm energy needs and even generate 
energy through elements of system redesign. 

Farms are integrating renewable energy generation 
into production systems in various forms and at a 
range of scales. It is worth noting that it is still much 
more common for large swathes of farmland to be 
converted from agriculture to solar energy production; 
1,372  km2 in 2018, or 27% of global photovoltaic 
installations, a shift entailing environmental and food 
security trade-offs.380

Governments played a huge role  
in facilitating the development  
and spread of industrial 
agriculture, they can play a huge 
role in facilitating the development  
and spread of non-fossil fuel  
dependent agriculture.
Jennifer Clapp 
Fuel to Fork podcast
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Amid these concerns, there is increasing experimentation with agrivoltaic systems, i.e., elevated solar panels 
that are combined with grazing animals or crop production. Similarly, wind turbines are often installed on 
cropland with minimal damage to crops, preserving farmland for agricultural use.381 Nonetheless, renewable 
energy produced on the farm is not necessarily used on-farm, and these systems face challenges and sometimes 
prohibitive costs (see Box 11). 

BOX 11
THE PROMISES AND CHALLENGES OF ON-FARM ENERGY GENERATION

On-farm energy generation can reduce operating costs and (if produced in surplus) can be sold to 
the energy grid, providing an additional income stream that isn't connected to fluctuating commodity 
markets. Renewable energy generation has been integrated onto farms across Asia, Europe, and 
North America, but farmers in low-income countries face significant financial and technical barriers to 
adoption.382 Land competition between energy and food production is another significant challenge and 
necessitates strong political commitment and carefully planned incentive structures.

Agrivoltaic systems use elevated solar panels on farms, greenhouses, or on land, either above crops or 
integrated into livestock pasture. Elevated solar panels provide shade for grazing animals, reducing heat 
stress, as well as improving pasture quality.383 Agrivoltaics are not compatible with all crops but many 
studies have shown that yields remain the same or improve as solar panels  protect crops from frost (by 
acting as a thermal blanket and trapping heat at night) as well as high temperatures and water stress (by 
providing shade during the day and reducing water evaporation).384,385,386 While some governments are 
now supporting these integrated food-energy approaches, such as development policies in China,387 the 
US,388 and Europe, including EUR 1.7 billion (USD 1.82 billion) of incentives in Italy, financial and policy 
supports remain low.389

Installing wind turbines on farms allows farmers to generate renewable energy with minimal crop 
damage.390 However, larger agricultural farms benefit more than smaller enterprises.391 And wind 
turbines come with challenges, including noise pollution and visual impact, which may require 
community consultations before installation. While the cost of wind turbines is gradually decreasing, the 
initial investment remains high and explains why installations exist mainly in higher-income countries.

Biogas, produced from agricultural waste or manure through anaerobic digestion, can generate heat 
or electricity, providing an alternative to fossil fuels for powering farm processes. It is often promoted 
as a solution to reduce GHG emissions and mitigate nutrient runoff from livestock waste. However, 
the benefits of anaerobic digestion are sometimes exaggerated. While it can offer some GHG emission 
reductions, these are limited in scope, and burning biogas produces the same air pollutants as burning 
fossil gas.392 Additionally, substantial subsidies are required to make anaerobic digestion competitive 
with more cost-effective renewable options like solar and wind energy, and these subsidies often accrue 
to the largest farms.393,394 Anaerobic digesters on industrial feedlots have been highly criticized for 
greenwashing the environmental harm caused by large-scale industrial farming practices and leaking 
methane, undermining purported GHG reductions.395,396 However, smaller biogas digesters can be used 
sustainability on small and medium-sized farms, even in low-income settings, but scaling their use 
depends on improved access and farmer training.397
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Actions in the middle of the chain to curb fossil fuel use

There is significant potential to slash fossil fuels in 
the middle of the food chain by restructuring and 
relocalizing food supply chains. This means shifting 
away from global, corporate-led commodity chains 
toward territorial, agroecological food networks 
that emphasize local and regional production, 
distribution, and consumption.

As highlighted in IPES-Food’s 2024 report, Food From 
Somewhere, local and territorial markets offer 
critical outlets for diverse smallholder production, 
particularly for foods that are produced to high 
environmental standards, e.g., organic food produced 
without agrochemicals. These localized systems can 
enhance transparency, market stability, and resilience 
while reducing dependency on long, energy-intensive 
transport routes.

However, unlocking these benefits requires 
investment in regional infrastructure, including 
processing, cold storage, logistics hubs, and 
wholesale facilities. These are essential for 
supporting territorial markets, especially those 
focused on fresh foods, prepared foods, and minimally 
processed pantry staples.

The decentralization of cold chains is particularly 
critical: decentralized, renewable-powered (or even 
unpowered) storage solutions such as cool chambers, 
cheese caves, and natural drying methods are already 
in use and could be strengthened to prevent spoilage 
in areas with unreliable power grids, such as Sub-
Saharan Africa (see Box 12).

BOX 12
DECENTRALIZED COMMUNAL COLD STORAGE FACILITIES AROUND THE WORLD

A range of companies in Sub-Saharan Africa provide solar-powered communal cold storage facilities. 
In Nigeria, ColdHubs operates 54 communal solar-powered cold storage rooms that have preserved 
more than 42,000 tons of food from spoilage for 5,250 farmers, retailers, and wholesalers in 2022. The 
company estimates it increased customers’ incomes by an average of 50%.398 In Kenya, Solar Freeze 
provides mobile cold storage units to over 3,000 smallholders, reducing losses by 50%.399 In Ghana, 
AkoFresh aims to halve post-harvest crop losses across 10 smallholder communities.400

Natural insulation can also provide large-scale, effective cold storage. In the US, the USDA stores 
1.5 billion pounds of cheese, 355 million pounds of butter, and 211 million pounds of pecans in 
underground caves near Springfield, Missouri, kept at about 15 °C year-round without external 
energy.401 On a smaller scale, communities in Ladakh, India, use naturally insulated underground  
pits at 0–8 °C to keep produce like potatoes and carrots fresh for up to six months without electricity.402
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Reducing postharvest losses is especially urgent in 
the Global South, where the majority of food waste 
occurs not at the consumer level, but during and 
after harvest. A growing body of evidence highlights 
a wide array of practices that can help reduce these 
losses, ranging from improved harvesting tools and 
ventilated or hermetic storage containers to timely 
harvesting, drying, and sorting to remove spoiled 
crops.403 However, studies also reveal a critical gap: 
most interventions focus narrowly on technologies or 
handling practices, while far less attention is given to 
training, infrastructure, market access, finance, and 
policy support.

Modelling indicates that establishing more localized 
and less industrialized food supply chains may 
prevent larger amounts of food loss compared to 
optimizing cold chains.404 This effect holds true across 
both industrialized and non-industrialized settings, 
though it is stronger in the latter. Local, short supply 
chains can also cut down on packaging and facilitate 
packaging recovery and reuse, reducing plastics in the 
supply chain.405

On the transportation side, combining short-haul 
electric freight or non-motorized transportation 
with localized distribution systems can be 
mutually reinforcing and drive social, economic, and 
environmental benefits.406 Shifting short-distance 
freight from diesel to electric trucks is already 
technically viable. 

Municipalities of all sizes are emerging as pioneers 
in building local, sustainable food systems and are 
well-placed to adopt radical strategies for reducing the 
fossil fuel footprint of their food supplies (see Box 13). 
Building on existing experimentation and visioning 
based around 'city-region food systems' and 
'local food sheds', there is high potential to develop 
integrated models whereby municipalities source food 
sustainability from their hinterlands using fleets of 
electric vehicles.407

On the consumer side, local and informal food 
markets – especially street vendors and city markets 
– are vital for advancing sustainable development 
and improving food access. But these spaces are also 
shaped by persistent economic and social inequalities 
that determine who can participate, who can buy, and 
who benefits.

While market upgrading can bring needed investment, 
it often risks exclusion, particularly when it involves 
relocation or the imposition of formal standards.408 
Informal vendors, who face precarious conditions and 
limited returns, are especially vulnerable to closures 
justified by health and safety regulations designed 
for corporate value chains.409 These measures are 
sometimes applied selectively, driven more by real 
estate speculation than public health. Deliberate 
efforts grounded in equity and food justice are needed 
to ensure markets truly improve access to diverse, 
safe, fresh, and affordable foods for all communities.xxv

To scale such systems, both demand-side and 
supply-side policy levers are essential. On the 
demand side, governments can establish minimum 
sustainability criteria for public procurement, 
requiring schools, hospitals, and other institutions to 
source food from local, environmentally responsible 
producers. These criteria could begin with limits 
on chemical inputs and progressively incentivize a 
shift toward organic, agroecological, or regenerative 
farming practices that avoid chemical  
inputs altogether.

On the supply side, this transition will require 
supporting Indigenous farmers and foodways, 
safeguarding farmland from development, offering 
technical and financial support to help farmers 
adopt sustainable methods, and providing market 
guarantees to de-risk agroecological production and 
ensure stable, viable livelihoods.

Local, nimble, and short supply 
chains are more resilient. Rather 
than offering whatever you want 
whenever you want, the priority is 
making sure that everyone is  
well fed.
Raj Patel 
Fuel to Fork podcast

xxi For detailed policy guidance and global examples of equitable transformations of urban food markets see ICLEI - Local Governments for  
 Sustainability (2025). The CityFood Market Handbook for Healthy and Resilient Cities.
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Transportation policy can further support this shift. For example, countries can adopt tax exemptions for rail-
road freight vehicles and lower the minimum required rail distance to incentivize multimodal, low-emission 
logistics. These kinds of policies are vital to rethinking supply chains in a way that genuinely reduces fossil energy 
use across both storage and distribution.

While processing and packaging needs could 
potentially be slashed in a food system re-centered 
on agroecology, territorial markets, and sustainable 
diets, there has been relatively little attention to 
or investment in alternatives to plastic food 
packaging. Although plastic packaging can sometimes 
extend shelf life, many practices – especially in 
industrialized, long food supply chains – prioritize 
branding, cosmetic standards, and economic efficiency 
over food preservation, often exacerbating both food 
and packaging waste.410

At the household level, plastic-wrapped products 
do not significantly reduce food waste.411 Instead, 
consumer knowledge and thoughtful purchasing 
habits are more effective. Similarly, in food service, 
particularly fast food and delivery, high levels of 
packaging waste accompany food waste. However, 
short food supply chains and reusable packaging 
offer more viable and sustainable alternatives.

BOX 13
HOW MUNICIPALITIES, BIG AND SMALL, ARE BUILDING SUSTAINABLE FOOD 
SYSTEMS THROUGH INTEGRATED FOOD POLICIES

São Paulo, Brazil’s Connect the Dots programme, protects forests, reservoirs, and farmland in the city’s 
rural outskirts from urban sprawl. It supports farmers with technical assistance to improve yields, 
transition to sustainable practices, and access urban markets for organic produce. The city also runs 
one of the world’s largest school meal programmes, serving over 2 million healthy meals daily, with a 
purchasing programme that focuses on sourcing from local, sustainable, family farms. Furthermore, 
LUPPA, the Urban Laboratory on Public Food Policies, assists and connects Brazilian cities doing work on 
sustainable urban food policies to help scale out and replicate successful strategies. Urban food policies 
in Brazil are further supported by the newly established National Strategy for Food and Nutritional 
Security in Cities, which aims to increase the production, availability, access to, and consumption of 
healthy food, with a strong focus on supporting vulnerable and marginalized communities.

In Mouans-Sartoux, France, the municipality protected 112 hectares of farmland from urban 
development and invested in organic agriculture to support its goal of serving 100% organic and local 
food in school canteens. To overcome urbanization pressures, the city enacted policies linking farmland 
protection with public procurement. It established a publicly owned organic farm to supply schools, 
supported by collaboration between local government, farmers, schools, and parents. Children are 
engaged through farm visits and food waste initiatives. A survey later showed that 87% of families 
improved their eating habits toward organic and local food as a result.

Quezon City in the Philippines is advancing a holistic approach to sustainable urban food systems 
through integrated policies that span production, supply chains, and consumption. Flagship urban 
farming initiatives have converted a total of 381,650 m2 of idle land for urban agriculture and established 
over 160 urban farms. These are reinforced by the Healthy Public Food Procurement Policy, which sets 
nutrition standards and promotes sourcing from local farms. Complementary policies, such as the 
ban on single-use plastics and the City’s participation in the Sustainable Diner Project, support waste 
reduction and environmentally responsible consumption. Together, these efforts tackle hunger, improve 
nutrition, reduce food waste and plastic pollution, and build a resilient, community-rooted food system.
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Many experts argue that eliminating unnecessary 
packaging (e.g., on fresh produce) and shifting to 
sustainable materials like paper or cardboard should 
be prioritized.412 Practices like multipacks, single-use 
wrappers, and standardized packaging can drive waste 
at every stage of the chain, from producers to retailers. 
Recognizing the problem, dozens of countries have 
already established single-use plastic bans. In 2018, 
Vanuatu became one of the first countries to ban 
single-use plastics, with impressive results. Banned 
items used to make up 35% of their waste and now 
make up only 2%.413 

However, plastic bans alone are not enough to 
stem the tide of plastic waste. Without additional 
measures or a broader phase-out strategy, simply 
banning certain items has minimal impact on the 
throwaway culture that underpins overproduction, 
overconsumption, and waste.414

There have also been calls to adopt ‘essential use’ 
criteria, to guide decisions on plastic packaging, 
helping to distinguish between truly necessary uses 
(e.g., for health or safety) and those that can be 
eliminated or substituted.415 Further, many advocates 
recommend ‘extended producer responsibility’ 
regulations, whereby companies are responsible for 
plastic packaging through the life cycle.416 These could 
be paired with enhanced local infrastructure for the 
recovery and reuse of packaging and accompanying 
policy frameworks. 

Reusable packaging has declined to historic lows, even 
in the drink sector where it once thrived.  

Yet studies show reuse systems can cut environmental 
impact and save costs.417 While reuse and refill models 
are starting to grow again in retail, they remain 
hindered by a lack of incentives, legal frameworks, and 
clear standards.

Finally, some are calling for more research and 
experimentation to find plastic packaging 
alternatives. This includes packaging based on 
locally available materials or using green chemistry 
approaches outside of patented proprietary systems 
to develop bio-based materials that minimize or 
eliminate the use and generation of  
hazardous substances.418

We have a finite climate budget 
– we can only burn so many fossil 
fuels. So, we need to ask: what’s 
the smartest use of plastic? Maybe 
it makes more sense in healthcare 
instead of wrapping junk food.
Emma Priestland 
Fuel to Fork podcast

Demand-side changes to slash fossil fuel use

Relocalizing food supply chains and accelerating 
the shift to agroecology depend on changing diets 
and creating healthier food environments. These 
demand-side changes must be supported by efforts 
to reduce food waste, particularly in the Global 
North, where the majority of waste occurs at the 
retail and consumer levels, and by placing greater 
responsibility on retailers and manufacturers  
to improve energy efficiency and supply  
chain practices.

Transitioning to sustainable, healthy diets – 
particularly by reducing meat consumption in high-
intake regions – alongside major reductions in food 
waste, are essential pillars of any comprehensive food 
system transformation.  
 

One European study found that adopting these 
strategies alongside improved farm management 
could reduce nitrogen fertilizer use by 40% and 
nitrogen losses by 50%, while also delivering 
substantial environmental and public  
health benefits.419

The climate benefits of reducing consumption 
of factory-farmed meat and dairy are now well-
established: studies have shown that transitioning to 
sustainable, healthy diets and halving global industrial 
meat production and consumption could mitigate 
up to 8% of annual global GHG emissions, while 
improving health and reducing pressures on land  
and ecosystems.420,421 
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While reducing overall meat and dairy consumption is 
key, it's important to recognize some nuances. Factory-
farmed beef may emit less methane than pasture-fed 
beef per kilogram of meat (primarily due to faster 
growth rates and shorter lifespans), but factory farms 
typically rely on chemical-intensive feedstocks that 
are associated with higher emissions of CO2 and 
nitrous oxide, as well as having high fossil energy 
requirements.422,423,424 In contrast, agroecological or 
pasture-raised systems, though higher in methane 
emissions, are associated with lower CO2 and nitrous 
oxide emissions, can reduce fossil fuel use, and 
support broader environmental and animal  
welfare goals.

Dietary shifts can help drive broader transformations 
in food production and supply chains by reducing 
fossil fuel dependence and delivering co-benefits for 
health and the environment. Cutting back on ultra-
processed foods (UPFs) can significantly reduce fossil 
fuel usage, GHG emissions, and plastic packaging.

The most harmful UPFs, such as sugar-sweetened 
beverages, industrially processed meats, sugary 
cereals, snack foods, and candy, offer little or no 
nutritional value and rely heavily on monocultures 
and intensive livestock systems. Moving toward diets 
based on local, seasonal, minimally processed foods 
not only aligns with healthy eating guidelines but 
also supports diversified agroecological farming and 
regionalized food markets.

With 42% of the global population unable to afford a 
healthy diet,425 shorter food supply chains, leveraging 
public procurement, taxing UPFs, and reforming 
agricultural subsidies could drive down the relative 
cost of healthy food. 

Cooking at home is associated with lower consumption 
of UPFs and higher consumption of unprocessed or 
minimally processed foods, but time is often cited as 
a barrier to cooking and eating healthy.426 Cooking at 
home is also highly gendered nearly everywhere in 
the world, with women cooking at home three times 
more than men.427 Local food supply chains can play a 
vital role by preparing ingredients for healthy meals, 
helping to reduce the domestic labour (typically 
shouldered by women) that may increase with 
reduced reliance on ultra-processed foods.

Holistic visions for changing the incentives and 
behaviours around diets are often articulated 
within strategies for building healthier ‘food 
environments’ – now a focal point of major policy 
frameworks, including the EU Farm to Fork strategy.xxvi 

Chile provides a compelling case. The introduction of 
policies in 2016 – including restrictions on advertising 
unhealthy foods, mandatory front-of-package 
warnings, and a ban on junk food in schools – led to 
a nearly 25% reduction in sugar-sweetened beverage 
consumption within 18 months (see Box 14).428 
Adopting similar labeling policies in other countries, 
particularly where UPFs have not yet saturated the 
market, could significantly shape food environments. 
In the US, studies of hundreds of thousands of 
packaged food items available in major grocery stores 
find that 70% of items sold are ultra-processed foods 
and would require a warning label under  
Chilean standards.429,430 

Home cooking remains deeply 
gendered labour, and we can’t 
ignore that processed foods have, 
in many cases, lightened that 
burden – mostly for women. So, 
while there’s plenty to critique, we 
also need to recognize that there 
are some nuances here that don’t 
fit neatly into a ‘good’ versus  
‘bad’ dualism.
Errol Schweizer 
Fuel to Fork podcast

xxvi Unfortunately, progress has stalled on many of the initiatives set out in the Farm to Fork Strategy. Nevertheless, many European countries  
 are advancing integrated food policies to build healthy food environments, see for example case studies from the report by Agora   
 Agriculture and IDDRI (2025). Towards national food policies that support healthy and sustainable consumption. Country case studies and  
 the role of EU food policy.
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A landmark lawsuit in the US could mark a pivotal shift in holding the ultra-processed food industry accountable 
for its role in public health harms. Brought by an 18-year-old plaintiff against 11 major corporations – including 
Coca-Cola, Nestlé, PepsiCo, and General Mills – the case alleges these companies intentionally engineered 
addictive products and targeted children, supported by internal documents and extensive research.431 This 
unprecedented legal action not only opens the debate on the industry's civil liability but also exposes major 
regulatory failures, potentially paving the way for broader reforms and a wave of future lawsuits.

Lastly, across food, plastics, and climate policy, 
corporate interests wield outsized influence, shaping 
decisions that prioritize profit over people and planet. 
Robust safeguards are urgently needed to eliminate 
corporate capture, while inclusive, participatory 
governance must be institutionalized to realign 
decision-making with the public good. Without this 
step, progress on food systems transformation as 
outlined in this section will be severely undermined. 
Further analysis and recommendations can be found 
in our report, Who’s Tipping the Scales.

BOX 14
LATIN AMERICA LEADS THE WAY IN REGULATING UPFS

Latin America is pioneering the regulation of ultra-processed foods (UPFs) through labeling, taxation, 
and marketing restrictions. Chile, Peru, Uruguay, Mexico, Argentina, Colombia, and Venezuela currently 
require front-of-package warning labels on foods and beverages high in sugar, salt, fats, and/or 
calories.432 Ecuador, Bolivia, and Brazil also mandate labeling for unhealthy foods.433 Furthermore, Brazil, 
Chile, Ecuador, Mexico, Peru, and Uruguay promote minimally processed foods and avoidance of ultra-
processed products in their dietary guidelines.434,435,436 

Several countries have introduced taxes as well. Ecuador, Chile, and Peru apply ad valorem taxes on 
soft drinks (10%, 18%, and 25% respectively), and Colombia taxes both UPFs and soft drinks at 25%.437,438 
Mexico imposes a one peso per liter tax on sugar-sweetened beverages and an 8% tax on nonessential, 
high-calorie packaged foods.439

Further, Mexico bans UPF advertisements on television during children's hours, while Chile goes 
further, banning all UPF marketing to children across all media, and restricting UPF ads on television 
and in cinemas from 6 a.m. to 10 p.m.440 Both countries also ban child-appealing images for UPFs’ 
marketing.441,442 Additionally, Mexico, Chile, Uruguay, and Argentina prohibit the sales of products with 
warning labels in schools.443,444,445

Early evidence suggests these policies are effective. In Chile, studies estimate that labeling and 
advertising regulations have reduced consumers' purchasing by 37% in sugar, 22% in sodium, 16% in 
saturated fats, and 23% in calories.446 In Mexico, research indicates that about 40% of adults and youth 
reported buying fewer UPFs after warning labels were introduced.447

The first thing we need to do is break 
up the big food processors and 
retailers. None of the changes we're 
discussing will matter unless we do 
that – they absorb all the oxygen, all 
the energy, all the capital.
Errol Schweizer 
Fuel to Fork podcast
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Food systems are deeply entangled with fossil 
fuels, but as this report has shown, transforming 
them to break that dependence is both necessary 
and achievable. As the climate crisis accelerates, 
causing mounting harm to people, ecosystems, and 
economies, and jeopardizing food access, addressing 
this dependence is more urgent than ever. Yet this 
critical link remains largely absent from mainstream 
climate discussions. 

But to truly reduce dependence, the path forward 
requires confronting false solutions. Technologies 
like ‘blue’ and ‘green’ ammonia, digital agriculture, 
and synthetic biology are often presented as climate 
solutions but instead entrench dependence on 
fossil fuels, agrochemicals, and industrial models of 
production. Backed by powerful coalitions of fossil 
fuel, agribusiness, and tech firms, these approaches 
represent a new form of delay and denialism that 
obstructs real change and undermines public control.

Meanwhile, global climate agreements face growing 
political resistance, particularly from far-right 
movements, while fossil fuel extraction continues 
largely unchecked. At the same time, food and 
fuel price inflation and public concern over plastic 
pollution, supply chain fragility, and unhealthy diets 
have pushed food system transformation into  
the spotlight.  
 

It is precisely amid these geopolitical and socio-
economic pressures that efforts to reduce fossil fuel 
dependence and rebuild resilient, sustainable food 
systems are more urgent and more  
unifying than ever. But this transformation is not 
just about food and farming – it is about reclaiming 
democracy. Fossil fuel dependency reflects deeper 
failures of accountability and equity. Where 
democratic control and collective action thrive, fossil 
fuels lose their grip.

Immediate and medium-term actions – such as 
phasing out agrochemicals, leveraging public 
procurement, and reducing ultra-processed foods – 
can significantly curb fossil fuel use. In the long term, 
deeper shifts will be needed to dismantle fossil-fueled 
industrial food systems: confronting corporate power, 
redistributing control, and building democratic  
food governance. 

This transformation must also move in step with a 
just energy transition. Reducing energy demand is 
essential, but achieving sustainable food systems will 
also depend on expanding electrification and ensuring 
equitable access to renewable energy. As detailed 
in Sections 2 and 3, intersections between these 
transitions – such as electrifying transport, processing, 
and farm operations, and investing in energy efficiency 
and on-site renewables – can support a resilient, fossil 
fuel-free future.
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Below, we outline eight key recommendations to put us on this path. These actions are interconnected and, 
when pursued together, can deliver real and lasting change. While the recommendations are primarily directed 
at governments, we also highlight the critical role of collective, community-led action in driving change from the 
ground up. The path ahead is ambitious, but these recommendations chart a pathway toward food  
systems that are more resilient, more equitable, and free from the instability and destruction wrought by  
fossil fuel dependence.

Recommendation 1: Advance a just energy transition

• Halt fossil fuel subsidies, stop all new fossil 
fuel development, and phase out existing 
infrastructure, recognizing that cheap fossil fuels 
are the foundation of the industrial food system and 
the leading driver of climate change.

• Redirect public finance toward a just energy 
transition, one that ensures renewable energy 
is not only expanded but equitably distributed, 
affordable, and efficiently used, prioritizing 
access for communities and sectors most in need, 
especially in the Global South. This entails protecting 
workers, communities, and those most affected by 
climate impacts.

• Invest in battery technology and improved 
recycling and upgrade electricity grids to cater for 
increased renewable power.

• Establish clear, binding energy efficiency 
targets for all sectors, with a focus on reducing 
consumption and optimizing use. This would also 
entail scaling up public and low-cost financing 
mechanisms to enable small and medium-sized 
enterprises to adopt energy-efficient technologies 
and invest in self-generating a portion of their 
energy through renewables.

• Advance maritime transport energy efficiency 
by reducing operational speeds and investing in the 
development of sustainable technologies such as 
sail-powered cargo ships.

• Implement polluter-pays policies, such as carbon 
taxes, to generate further revenue for a just  
energy transition.

• Support transnational alliances, among local 
movements and across the Global South, that are 
advocating for just energy transformations.

• Curb corporate influence over climate policy 
to break industry co-optation of governance 
spaces and ensure democratic, people-centered 
governance (see Recommendation 8).
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Recommendation 2: Phase out agrochemicals

• Eliminate subsidies for synthetic fertilizers 
and pesticides, which have driven overuse and 
entrenched dependency, while supporting farmers 
and farm workers in a just transition away from 
agrochemical reliance.

• Reform and reallocate agricultural subsidies 
to support agroecological practices (see 
Recommendation 3).

• Institute ambitious national agrochemical 
phase-out plans that include clear reduction 
targets, ambitious timelines, and specific measures. 
Managed phase-out plans would include measures 
to reduce industrial meat production and 
consumption in high-intake regions. 

• Eliminate public funding for techno-fixes, 
such as ‘blue’ and ‘green’ ammonia, precision 
agriculture, and synthetic biology, that entrench 
extractive, industrial systems and lead to harmful 
environmental and social impacts.

• Implement polluter-pays policies, such as a 
pesticide tax, to generate further revenue for an 
agrochemical phase out.

• Curb corporate influence over agricultural policy 
to break industry co-optation of governance 
spaces and ensure democratic, people-centered 
governance (see Recommendation 8).

Recommendation 3: Promote agroecological farming

• Reform agricultural subsidies to support 
agroecological practices such as crop diversification, 
cover cropping, ecological pest management, 
microbial biostimulants, agroforestry,  
nitrogen-fixing legumes, and integrated  
crop-livestock systems.

• Redirect research and development to scale 
agroecological innovation, including repurposing 
existing research institutions and public  
advisory services toward ecological and  
farmer-led approaches.

• Support knowledge sharing and co-creation 
through the ongoing documentation and best 
practice sharing among farmers, social movements, 
and researchers.

• Align agricultural and food policy priorities 
through coordinated, integrated food policies 
that strengthen local supply chains (see 
Recommendation 4), support healthy diets (see 
Recommendation 6), reduce food loss and waste 
(see Recommendation 7), and build democratic food 
governance (see Recommendation 8).
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Recommendation 4: Rebuild and strengthen local food supply chains

• Fund scale-appropriate infrastructure across 
rural, urban, and peri-urban areas, including 
decentralized storage, processing facilities, cold-
chain systems, clean water access, sanitation, and 
renewable energy.

• Develop and upgrade local market 
infrastructure, such as wholesale and wet markets, 
retail outlets, warehouses, transport and logistics 
networks, regional food hubs, and  
institutional kitchens.

• Align public procurement policies with 
sustainability and proximity goals by sourcing 
from local and agroecological producers (see also 
Recommendation 6).

• Establish publicly owned and managed supply 
chains to guarantee markets for sustainable 
producers and to make healthy, local food the most 
accessible and affordable choice.

• Reduce fossil fuel use in food transport by 
shifting short-haul freight to electric trucks or 
non-motorized transport and expanding rail-road 
intermodal transport with supportive taxes 
 and policies. 

• Leverage shorter supply chains to reduce food 
waste, eliminate unnecessary plastic packaging, 
and expand reuse and recycling systems (see also 
Recommendation 5).

• Guarantee equitable access to clean energy 
and food system infrastructure, especially in 
underserved regions, as a central pillar of a just 
energy transition.

Recommendation 5: Significantly reduce plastic production and 
accelerate investment in alternatives and reuse systems

• Eliminate unnecessary packaging by applying 
‘essential use’ frameworks to phase out non-critical 
plastic (e.g., on fresh produce), and ban wasteful 
forms like single-use wrappers, multipacks, and 
standardized marketing-driven designs.

• Set mandatory plastic production reduction 
targets, including through international 
agreements like the UN Global Plastics Treaty.

• Rebuild and strengthen short supply chains 
and territorial markets that lessen the need for 
preservation and packaging, and support  
reuse-oriented, low-waste solutions  
(see Recommendation 4). 
 
 

• Enact extended producer responsibility laws that 
hold companies accountable for plastic waste across 
its entire life cycle, backed by strong enforcement 
and well-funded local systems for collection, reuse, 
and recycling.

• Establish waste prevention and reuse targets 
and rebuild infrastructure and incentives for 
reusable packaging across retail, delivery, and 
beverage sectors.

• Invest in public-interest research and innovation 
to develop alternatives to plastic in food 
packaging and agriculture, prioritizing locally 
available, sustainable, and open-source  
materials developed independently of 
petrochemical interests.
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Recommendation 6: Cut ultra-processed food consumption and build 
healthy food environments

• Launch widespread public education campaigns 
to promote sustainable, nutritious diets, paired  
with subsidies and targeted support for  
low-income communities.

• Curb the availability and appeal of ultra-
processed foods by introducing front-of-package 
warning labels, restricting advertising (especially to 
children), taxing UPFs, and banning them in schools 
and public canteens.

• Redirect agricultural subsidies to support the 
production and accessibility of fresh, local foods 
(see Recommendation 3).

• Leverage public procurement to expand access 
to local, nutritious foods in public institutions, 
supported by integrated food policies that set 
minimum sustainability standards, provide farmer 
training and financial support, and protect  
farmland to ensure long-term viability  
(see Recommendation 4).

• Curb the outsized market and political power of 
major food and beverage corporations, whose 
lobbying efforts continue to block essential public 
health policies (see Recommendation 8).

Recommendation 7: Eliminate food waste and scale up clean cookstoves

• Dramatically reduce postharvest food losses, 
particularly in the Global South, by investing in local, 
short supply chains (see Recommendation 4). This 
includes upgrading infrastructure and providing 
training and finance to improve crop harvesting, 
processing, and storage.

• Support consumer and retail campaigns, 
particularly in the Global North, to cut food waste. 
This includes introducing food waste bans and fines 
to hold businesses accountable and scaling up food 
rescue and redistribution programs. Consumer-
facing campaigns should equip people with 
knowledge and tools to reduce food waste through 
better purchasing, storage, and preparation habits.

• Guarantee equitable access to clean energy 
and accelerate the transition to electric stoves, 
particularly induction stoves in high-income 
countries, through updated building codes and 
incentive programs. And finance the electric and 
hybrid solar-electric cookstove transition in low-and 
middle-income countries.
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Recommendation 8:  
Rein in corporate power  
and democratize food  
systems governance

• Establish clear and enforceable rules on conflicts 
of interest, lobbying, and ‘revolving doors’ 
in governance and scientific research bodies, 
particularly excluding fossil fuel, petrochemical, 
and agribusiness lobbyists from global climate and 
plastics negotiations.

• Strengthen antitrust laws and implement policies 
to reduce excessive corporate market power across 
the food and energy sectors.

• Close tax loopholes and enact fair, progressive tax 
policies to curb corporate tax avoidance and ensure 
adequate public financing for just food and  
energy transitions.

• Institutionalize inclusive, participatory 
governance by prioritizing the meaningful 
involvement of social movements, people’s 
organizations, and civil society in decision-making at 
all levels.

The post-fossil fuel economy isn’t 
one of privation – it’s an economy of 
abundance, built on care for each 
other and the planet.
Raj Patel 
Fuel to Fork podcast
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FIGURE 8

WHAT WILL IT TAKE TO GET FOSSIL FUELS OUT OF FOOD SYSTEMS?

Advance a just  
energy transition

Promote  
agroecological farming

Phase out agrochemicals

Rebuild local food  
supply chains

Reduce plastic  
production and scale up 
reuse solutions

Cut ultra-processed  
diets and build healthy  
food access

Electrify cooking  
and end food waste

Rein in corporate  
power and democratize 
food systems

1

2

3

4

5

6

7

8

69  |  FUEL TO FORK RECOMMENDATIONS



ENDNOTES
1 Crippa, M., Solazzo, E., Guizzardi, D., Monforti-
Ferrario, F., Tubiello, F. N., & Leip, A. (2021). Food 
systems are responsible for a third of global 
anthropogenic GHG emissions. Nature Food, 2(3), 
198–209.

2 Menegat, S., Ledo, A., & Tirado, R. (2022). Greenhouse 
gas emissions from global production and use of 
nitrogen synthetic fertilisers in agriculture. Scientific 
Reports, 12(1), 14490. 

3 Global Alliance for the Future of Food. (2023). Power 
shift: Why we need to wean industrial food systems off 
fossil fuel.

4 IEA. (2020). Iron and steel technology roadmap: 
Towards more sustainable steelmaking.

5 Lipiäinen, S., Kuparinen, K., Sermyagina, E., & 
Vakkilainen, E. (2022). Pulp and paper industry in 
energy transition: Towards energy-efficient and low 
carbon operation in Finland and Sweden. Sustainable 
Production and Consumption, 29, 421–431. 

6 Aramendia, E., Brockway, P. E., Taylor, P. G., & 
Norman, J. (2023). Global energy consumption of 
the mineral mining industry: Exploring the historical 
perspective and future pathways to 2060. Global 
Environmental Change, 83, 102745.

7   Black, S., Parry, I., & Vernon-Lin, N. (2023, August 
24). Fossil fuel subsidies surged to record $7 trillion. 
International Monetary Fund.

8 FAO, UNDP, & UNEP. (2021). A multi-billion-dollar 
opportunity – Repurposing agricultural support 
to transform food systems. Food and Agriculture 
Organization of the United Nations.

9 Black, S., Parry, I., & Vernon-Lin, N. (2023, August 24). 
Fossil fuel subsidies surged to record $7 trillion. IMF.

10 Rennert, K., Errickson, F., Prest, B. C., Rennels, L., 
Newell, R. G., Cooke, R., King, A., & Pizer, et al. (2022). 
Comprehensive evidence implies a higher social cost 
of CO2. Nature, 610(7930), 687–692.

11 Beeler, C. (2021, December 3). Glasgow summit 
pledge to phase out fossil fuel subsidies faces an uphill 
battle. The World. 

12 FAO, UNDP, & UNEP. (2021). A multi-billion-dollar 
opportunity – Repurposing agricultural support 
to transform food systems. Food and Agriculture 
Organization of the United Nations.

13 World Bank. (2023). Detox Development. 

14 IEA. (2024). World Energy Outlook 2024. 

15 IEA. (2024). Oil 2024: Analysis and forecast to 2030.

16 IEA. (2018). The Future of Petrochemicals.

17 Tilsted, J. P., Bauer, F., Deere Birkbeck, C., Skovgaard, 
J., & Rootzén, J. (2023). Ending fossil-based growth: 
Confronting the political economy of petrochemical 
plastics. One Earth, 6(6), 607-619.

18 IEA. (2018). The Future of Petrochemicals.

19 Levi, P. G., & Cullen, J. M. (2018). Mapping global 
flows of chemicals: from fossil fuel feedstocks 
to chemical products. Environmental Science & 
Technology, 52(4), 1725–1734.

20 FAO. (2021) Assessment of agricultural plastics and 
their sustainability – A call for action. 

21  Levi, P. G., & Cullen, J. M. (2018). Mapping global 
flows of chemicals: from fossil fuel feedstocks 
to chemical products. Environmental Science & 
Technology, 52(4), 1725–1734.

22 IEA. (2018). The Future of Petrochemicals.

23 Ibid.

24 DiFelice, M. (2024, March 26). The real root of high 
food prices: Corporate greed and consolidation. Food 
& Water Watch.

25 Institute for Agriculture and Trade Policy (IATP) 
& GRAIN. (2023). A corporate cartel fertilizes food 
inflation.

26 IPES-Food. (2022). Another Perfect Storm.

27 UNFCCC. (2023). Outcome of the first global 
stocktake, Decision 1/CMA.5,28(d). United Nations 
Framework Convention on Climate Change. 

70  |  FUEL TO FORK ENDNOTES

https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1038/s41598-022-18773-w
https://doi.org/10.1038/s41598-022-18773-w
https://doi.org/10.1038/s41598-022-18773-w
https://doi.org/10.1038/s41598-022-18773-w
https://futureoffood.org/insights/power-shift-why-we-need-to-wean-industrial-food-systems-off-fossil-fuels/
https://futureoffood.org/insights/power-shift-why-we-need-to-wean-industrial-food-systems-off-fossil-fuels/
https://futureoffood.org/insights/power-shift-why-we-need-to-wean-industrial-food-systems-off-fossil-fuels/
https://iea.blob.core.windows.net/assets/eb0c8ec1-3665-4959-97d0-187ceca189a8/Iron_and_Steel_Technology_Roadmap.pdf
https://iea.blob.core.windows.net/assets/eb0c8ec1-3665-4959-97d0-187ceca189a8/Iron_and_Steel_Technology_Roadmap.pdf
https://www.sciencedirect.com/science/article/pii/S2352550921003122
https://www.sciencedirect.com/science/article/pii/S2352550921003122
https://www.sciencedirect.com/science/article/pii/S2352550921003122
https://doi.org/10.1016/j.gloenvcha.2023.102745
https://doi.org/10.1016/j.gloenvcha.2023.102745
https://doi.org/10.1016/j.gloenvcha.2023.102745
https://www.imf.org/en/Blogs/Articles/2023/08/24/fossil-fuel-subsidies-surged-to-record-7-trillion
https://doi.org/10.4060/cb6562en
https://doi.org/10.4060/cb6562en
https://doi.org/10.4060/cb6562en
https://www.imf.org/en/Blogs/Articles/2023/08/24/fossil-fuel-subsidies-surged-to-record-7-trillion
https://www.nature.com/articles/s41586-022-05224-9#citeas
https://www.nature.com/articles/s41586-022-05224-9#citeas
https://theworld.org/stories/2021/12/03/glasgow-summit-pledge-phase-out-fossil-fuel-subsidies-faces-uphill-battle
https://theworld.org/stories/2021/12/03/glasgow-summit-pledge-phase-out-fossil-fuel-subsidies-faces-uphill-battle
https://theworld.org/stories/2021/12/03/glasgow-summit-pledge-phase-out-fossil-fuel-subsidies-faces-uphill-battle
https://doi.org/10.4060/cb6562en
https://doi.org/10.4060/cb6562en
https://doi.org/10.4060/cb6562en
https://doi.org/10.1596/978-1-4648-1916-2
https://www.iea.org/reports/world-energy-outlook-2024
https://www.iea.org/reports/oil-2024
https://www.iea.org/reports/the-future-of-petrochemicals
https://www.sciencedirect.com/science/article/pii/S259033222300252X#bib21
https://www.sciencedirect.com/science/article/pii/S259033222300252X#bib21
https://www.sciencedirect.com/science/article/pii/S259033222300252X#bib21
https://www.iea.org/reports/the-future-of-petrochemicals
https://doi.org/10.1021/acs.est.7b04573
https://doi.org/10.1021/acs.est.7b04573
https://doi.org/10.1021/acs.est.7b04573
https://openknowledge.fao.org/items/94eb5786-232a-496f-8fcf-215a59ebb4e3
https://openknowledge.fao.org/items/94eb5786-232a-496f-8fcf-215a59ebb4e3
https://doi.org/10.1021/acs.est.7b04573
https://doi.org/10.1021/acs.est.7b04573
https://doi.org/10.1021/acs.est.7b04573
https://www.iea.org/reports/the-future-of-petrochemicals
https://www.foodandwaterwatch.org/2024/03/26/high-food-prices-consolidation/
https://www.foodandwaterwatch.org/2024/03/26/high-food-prices-consolidation/
https://www.iatp.org/corporate-cartel-fertilises-food-inflation
https://www.iatp.org/corporate-cartel-fertilises-food-inflation
https://ipes-food.org/wp-content/uploads/2024/03/AnotherPerfectStorm.pdf
https://unfccc.int/documents/636608
https://unfccc.int/documents/636608


28 IPCC. (2019). Climate Change and Land: An IPCC 
Special Report on Climate Change, Desertification, 
Land Degradation, Sustainable Land Management, 
Food Security, and Greenhouse Gas Fluxes in 
Terrestrial Ecosystems.

29 FAO. (2018). Transforming Food and Agriculture to 
Achieve the SDGs.

30 Woods, J., Williams, A., Hughes, J. K., Black, M., 
& Murphy, R. (2010). Energy and the food system. 
Philosophical Transactions of the Royal Society B: 
Biological Sciences, 365(1554), 2991–3006.

31 Paris, B., Vandorou, F., Balafoutis, A. T., Vaiopoulos, 
K., Kyriakarakos, G., Manolakos, D., & Papadakis, G. 
(2022). Energy use in open-field agriculture in the 
EU: A critical review recommending energy efficiency 
measures and renewable energy sources adoption. 
Renewable and Sustainable Energy Reviews, 158, 
112098. 

32 Ibid.

33 International Energy Agency. (2021). Ammonia 
Technology Roadmap.

34 Jungers, G., Portet-Koltalo, F., Cosme, J., & Seralini, 
G. E. (2022). Petroleum in pesticides: A need to change 
regulatory toxicology. Toxics, 10(11), 670.

35 Ibid.

36 Mesnage, R., Benbrook, C., & Antoniou, M. N. 
(2019). Insight into the confusion over surfactant co-
formulants in glyphosate-based herbicides. Food And 
Chemical Toxicology, 128, 137-145. 

37 Ibid. 

38 CIEL. (2022). Sowing a Plastic Planet: How 
Microplastics in Agrochemicals Are Affecting Our Soils, 
Our Food, and Our Future

39 PAN North America (2022). Pesticides and Climate 
Change: A Vicious Cycle.

40 FAO. (2024). Pesticides use and trade, 1990–2022.

41 Bauer, F., Tilsted, J. P., Deere Birkbeck, C., Skovgaard, 
J., Rootzén, J., Karltorp, K., Åhman, M., Finkill, G. 
D., Cortat, L., & Nyberg, T. (2024). Petrochemicals 
and climate change: Powerful fossil fuel lock-ins 
and interventions for transformative change. 
Environmental and Energy Systems Studies, Lund 
University.

42 PAN North America (2022). Pesticides and Climate 
Change: A Vicious Cycle.

43 Ibid.

44 Wan, N., Fu, L., Dainese, M., Kiær, L. P., Hu, Y., 
Xin, F., Goulson, D., Woodcock, B. A., Vanbergen, A. 
J., Spurgeon, D. J., Shen, S., & Scherber, C. (2025). 
Pesticides have negative effects on non-target 
organisms. Nature Communications, 16(1). 

45 Boedeker, W., Watts, M., Clausing, P., & Marquez, E. 
(2020). The global distribution of acute unintentional 
pesticide poisoning : estimations based on a 
systematic review. BMC Public Health, 20(1).

46 Shekhar, C., Khosya, R., Thakur, K., Mahajan, 
D., Kumar, R., Kumar, S., & Sharma, A. K. (2024). A 
Systematic Review of Pesticide Exposure, Associated 
Risks, and Long-Term Human Health Impacts. 
Toxicology Reports, 13, 101840. 

47 Pathak, V. M., Verma, V. K., Rawat, B. S., Kaur, B., 
Babu, N., Sharma, A., Dewali, S., Yadav, M., Kumari, 
R., Singh, S., Mohapatra, A., Pandey, V., Rana, N., & 
Cunill, J. M. (2022). Current status of pesticide effects 
on environment, human health and it’s eco-friendly 
management as bioremediation : A comprehensive 
review. Frontiers In Microbiology, 13.

48 International Energy Agency. (2021). Ammonia 
Technology Roadmap.

49 IPCC. (2019). Climate Change and Land: an IPCC 
special report on climate change, desertification, land 
degradation, sustainable land management, food 
security, and greenhouse gas fluxes in terrestrial 
ecosystems.

50 IEA. (2018). The Future of Petrochemicals.

51 FAO. (2021). Placing fertilizers in firm focus. Global 
Soil Partnership.

52 CIEL (2022). Fossils, Fertilizers, and False Solutions: 
How Laundering Fossil Fuels in Agrochemicals Puts the 
Climate and the Planet at Risk.

53 Lassaletta, L., Billen, G., Grizzetti, B., Anglade, J., 
& Garnier, J. (2014). 50 year trends in nitrogen use 
efficiency of world cropping systems : the relationship 
between yield and nitrogen input to cropland. 
Environmental Research Letters, 9(10), 105011.

54 Ibid.

71  |  FUEL TO FORK ENDNOTES

https://www.ipcc.ch/srccl/
https://www.ipcc.ch/srccl/
https://www.ipcc.ch/srccl/
https://www.ipcc.ch/srccl/
https://www.ipcc.ch/srccl/
https://www.ipcc.ch/srccl/
https://www.fao.org/3/I9900EN/i9900en.pdf
https://www.fao.org/3/I9900EN/i9900en.pdf
https://www.fao.org/3/I9900EN/i9900en.pdf
https://doi.org/10.1098/rstb.2010.0172
https://doi.org/10.1016/j.rser.2022.112098
https://doi.org/10.1016/j.rser.2022.112098
https://doi.org/10.1016/j.rser.2022.112098
https://doi.org/10.1016/j.rser.2022.112098
https://iea.blob.core.windows.net/assets/6ee41bb9-8e81-4b64-8701-2acc064ff6e4/AmmoniaTechnologyRoadmap.pdf
https://iea.blob.core.windows.net/assets/6ee41bb9-8e81-4b64-8701-2acc064ff6e4/AmmoniaTechnologyRoadmap.pdf
https://www.mdpi.com/2305-6304/10/11/670
https://www.mdpi.com/2305-6304/10/11/670
https://doi.org/10.1016/j.fct.2019.03.053
https://doi.org/10.1016/j.fct.2019.03.053
https://www.ciel.org/wp-content/uploads/2022/12/Sowing-a-Plastic-Planet_1dec22.pdf
https://www.ciel.org/wp-content/uploads/2022/12/Sowing-a-Plastic-Planet_1dec22.pdf
https://www.ciel.org/wp-content/uploads/2022/12/Sowing-a-Plastic-Planet_1dec22.pdf
https://www.panna.org/wp-content/uploads/2025/05/202308ClimateChangeEng-Aug23-.pdf
https://www.panna.org/wp-content/uploads/2025/05/202308ClimateChangeEng-Aug23-.pdf
https://openknowledge.fao.org/items/262b96c8-eef0-4810-9c23-d8639a5dbf1b
https://portal.research.lu.se/en/publications/petrochemicals-and-climate-change-powerful-fossil-fuel-lock-ins-a
https://portal.research.lu.se/en/publications/petrochemicals-and-climate-change-powerful-fossil-fuel-lock-ins-a
https://portal.research.lu.se/en/publications/petrochemicals-and-climate-change-powerful-fossil-fuel-lock-ins-a
https://www.panna.org/wp-content/uploads/2025/05/202308ClimateChangeEng-Aug23-.pdf
https://www.panna.org/wp-content/uploads/2025/05/202308ClimateChangeEng-Aug23-.pdf
https://doi.org/10.1038/s41467-025-56732-x
https://doi.org/10.1038/s41467-025-56732-x
https://doi.org/10.1186/s12889-020-09939-0
https://doi.org/10.1186/s12889-020-09939-0
https://doi.org/10.1186/s12889-020-09939-0
https://doi.org/10.1016/j.toxrep.2024.101840
https://doi.org/10.1016/j.toxrep.2024.101840
https://doi.org/10.1016/j.toxrep.2024.101840
https://doi.org/10.3389/fmicb.2022.962619
https://doi.org/10.3389/fmicb.2022.962619
https://doi.org/10.3389/fmicb.2022.962619
https://doi.org/10.3389/fmicb.2022.962619
https://iea.blob.core.windows.net/assets/6ee41bb9-8e81-4b64-8701-2acc064ff6e4/AmmoniaTechnologyRoadmap.pdf
https://iea.blob.core.windows.net/assets/6ee41bb9-8e81-4b64-8701-2acc064ff6e4/AmmoniaTechnologyRoadmap.pdf
https://www.ipcc.ch/site/assets/uploads/sites/4/2021/07/210714-IPCCJ7230-SRCCL-Complete-BOOK-HRES.pdf
https://www.ipcc.ch/site/assets/uploads/sites/4/2021/07/210714-IPCCJ7230-SRCCL-Complete-BOOK-HRES.pdf
https://www.ipcc.ch/site/assets/uploads/sites/4/2021/07/210714-IPCCJ7230-SRCCL-Complete-BOOK-HRES.pdf
https://www.ipcc.ch/site/assets/uploads/sites/4/2021/07/210714-IPCCJ7230-SRCCL-Complete-BOOK-HRES.pdf
https://www.ipcc.ch/site/assets/uploads/sites/4/2021/07/210714-IPCCJ7230-SRCCL-Complete-BOOK-HRES.pdf
https://www.ipcc.ch/site/assets/uploads/sites/4/2021/07/210714-IPCCJ7230-SRCCL-Complete-BOOK-HRES.pdf
https://www.ipcc.ch/site/assets/uploads/sites/4/2021/07/210714-IPCCJ7230-SRCCL-Complete-BOOK-HRES.pdf
https://www.ipcc.ch/site/assets/uploads/sites/4/2021/07/210714-IPCCJ7230-SRCCL-Complete-BOOK-HRES.pdf
https://www.iea.org/reports/the-future-of-petrochemicals
https://www.fao.org/global-soil-partnership/resources/highlights/detail/en/c/1452041/
https://www.ciel.org/wp-content/uploads/2022/10/Fossils-Fertilizers-and-False-Solutions.pdf
https://www.ciel.org/wp-content/uploads/2022/10/Fossils-Fertilizers-and-False-Solutions.pdf
https://www.ciel.org/wp-content/uploads/2022/10/Fossils-Fertilizers-and-False-Solutions.pdf
https://doi.org/10.1088/1748-9326/9/10/105011
https://doi.org/10.1088/1748-9326/9/10/105011
https://doi.org/10.1088/1748-9326/9/10/105011


55 Corral, P., Irwin, A., Krishnan, N., Mahler, D. G., 
& Vishwanath, T. (2020). Fragility and Conflict : On 
the Front Lines of the Fight against Poverty. Dans 
Washington, DC : World Bank eBooks. 

56 FAO. (2024). FAO Regional Conference for Africa, 
thirty-third session. 

57 Menegat, S., Ledo, A., & Tirado, R. (2022). 
Greenhouse gas emissions from global production 
and use of nitrogen synthetic fertilisers in agriculture. 
Scientific Reports, 12(1), 14490. 

58 Ibid.

59 UNEP. (n.d.) Beat Nitrogen Pollution. UNEP. Accessed 
September 18, 2024. 

60 UNEP. (2024). Global Nitrous Oxide Assessment.

61 Sandström, V., Kaseva, J., Porkka, M., Kuisma, M., 
Sakieh, Y., & Kahiluoto, H. (2023). Disparate history 
of transgressing planetary boundaries for nutrients. 
Global Environmental Change, 78, 102628.

62 Lassaletta, L., Billen, G., Grizzetti, B., Anglade, J., 
& Garnier, J. (2014). 50-year trends in nitrogen use 
efficiency of world cropping systems: The relationship 
between yield and nitrogen input to cropland. 
Environmental Research Letters, 9(10), 105011.

63 Wang, M., Bodirsky, B.L., Rijneveld, R. et al. (2024).  
A triple increase in global river basins with 
water scarcity due to future pollution. Nature 
Communications, 15, 880. 

64 Gilbert, N. (2025, January 30). As EPA considers 
cancer links to nitrates in drinking water, industry 
downplays the risks. U.S. Right to Know. 

65 IPCC. (2019). Climate Change and Land: An IPCC 
Special Report on Climate Change, Desertification, 
Land Degradation, Sustainable Land Management, 
Food Security, and Greenhouse Gas Fluxes in 
Terrestrial Ecosystems.

66 UNEP. (n.d.) Beat Nitrogen Pollution. UNEP. Accessed 
September 18, 2024. 

67 Krzyzanowski, M. (2022). The Health Impacts 
of Nitrogen Dioxide (NO 2) Pollution. Health and 
Environment Alliance. 

68 Wyer, K. E., Kelleghan, D. B., Blanes-Vidal, V., 
Schauberger, G., & Curran, T. P. (2022). Ammonia 
emissions from agriculture and their contribution to 

fine particulate matter: A review of implications for 
human health. Journal of Environmental Management, 
323, 116285.

69 UNEP. Facts about Nitrogen Pollution. Accessed April 
17, 2025.

70 Paris, B., Vandorou, F., Balafoutis, A. T., Vaiopoulos, 
K., Kyriakarakos, G., Manolakos, D., & Papadakis, G. 
(2022). Energy use in open-field agriculture in the 
EU: A critical review recommending energy efficiency 
measures and renewable energy sources adoption. 
Renewable and Sustainable Energy Reviews, 158, 
112098. 

71 Muñoz, R., & Llanos, J. (2012). Estimation of the 
lifespan of agricultural tractors using a diffusion model 
at the aggregate level. Ciencia e Investigación Agraria, 
39(3), 557–562. 

72 Friends of the Earth. (2025). Rethinking No-Till: The 
toxic impact of conventional no-till agriculture on soil, 
biodiversity, and human health.

73 Lorencowicz, E., & Uziak, J. (2015). Repair cost of 
tractors and agricultural machines in family farms. 
Agriculture and Agricultural Science Procedia, 7, 
152–157.

74 Panigrahi, S. S., Luthra, K., Singh, C. B., Atungulu, 
G., & Corscadden, K. (2023c). On-farm grain drying 
system sustainability : Current energy and carbon 
footprint assessment with potential reform measures. 
Sustainable Energy Technologies And Assessments, 
60, 103430. 

75 FAO. (2021) Assessment of agricultural plastics and 
their sustainability – A call for action.

76 Ibid. 

77 Ibid.

78 FAO. (2021). Assessment of agricultural plastics and 
their sustainability: A call for action.

79 Winiarska, E., Jutel, M., & Zemelka-Wiacek, M. (2024). 
The potential impact of nano- and microplastics on 
human health: Understanding human health risks. 
Environmental Research, 251(Pt. 2), 118535.

80 Ziani, K., Ioniță-Mîndrican, C.-B., Mititelu, M., Neacșu, 
S. M., Negrei, C., Moroșan, E., Drăgănescu, D., & Preda, 
O.-T. (2023). Microplastics: A real global threat for 
environment and food safety: A state of the art review. 
Nutrients, 15(3), 617.

72  |  FUEL TO FORK ENDNOTES

https://doi.org/10.1596/978-1-4648-1540-9
https://doi.org/10.1596/978-1-4648-1540-9
https://openknowledge.fao.org/server/api/core/bitstreams/bc9ac9f6-55a4-48b1-8c4f-d162a423bf19/content?utm_source=chatgpt.com
https://openknowledge.fao.org/server/api/core/bitstreams/bc9ac9f6-55a4-48b1-8c4f-d162a423bf19/content?utm_source=chatgpt.com
https://doi.org/10.1038/s41598-022-18773-w
https://doi.org/10.1038/s41598-022-18773-w
https://doi.org/10.1038/s41598-022-18773-w
https://www.unep.org/interactives/beat-nitrogen-pollution/
https://openknowledge.fao.org/items/cf38b56b-bbb2-455c-8ce6-58d0c9fb0d6b
https://doi.org/10.1016/j.gloenvcha.2022.102628
https://doi.org/10.1016/j.gloenvcha.2022.102628
https://doi.org/10.1088/1748-9326/9/10/105011
https://doi.org/10.1088/1748-9326/9/10/105011
https://doi.org/10.1088/1748-9326/9/10/105011
https://doi.org/10.1038/s41467-024-44947-3
https://doi.org/10.1038/s41467-024-44947-3
https://usrtk.org/factory-farming/nitrates-drinking-water-cancer/
https://usrtk.org/factory-farming/nitrates-drinking-water-cancer/
https://usrtk.org/factory-farming/nitrates-drinking-water-cancer/
https://www.ipcc.ch/srccl/
https://www.ipcc.ch/srccl/
https://www.ipcc.ch/srccl/
https://www.ipcc.ch/srccl/
https://www.ipcc.ch/srccl/
https://www.ipcc.ch/srccl/
https://www.unep.org/interactives/beat-nitrogen-pollution/
https://www.env-health.org/wp-content/uploads/2023/06/NO2_briefing_EN.pdf
https://www.env-health.org/wp-content/uploads/2023/06/NO2_briefing_EN.pdf
https://www.sciencedirect.com/science/article/pii/S0301479722018588
https://www.sciencedirect.com/science/article/pii/S0301479722018588
https://www.sciencedirect.com/science/article/pii/S0301479722018588
https://www.sciencedirect.com/science/article/pii/S0301479722018588
https://www.unep.org/facts-about-nitrogen-pollution
https://doi.org/10.1016/j.rser.2022.112098%E2%80%8B
https://doi.org/10.1016/j.rser.2022.112098%E2%80%8B
https://doi.org/10.1016/j.rser.2022.112098%E2%80%8B
https://doi.org/10.1016/j.rser.2022.112098
https://doi.org/10.4067/S0718-16202012000300014
https://doi.org/10.4067/S0718-16202012000300014
https://doi.org/10.4067/S0718-16202012000300014
https://doi.org/10.4067/S0718-16202012000300014
https://foe.org/resources/rethinking-no-till/
https://foe.org/resources/rethinking-no-till/
https://foe.org/resources/rethinking-no-till/
https://doi.org/10.1016/j.aaspro.2015.12.010
https://doi.org/10.1016/j.aaspro.2015.12.010
https://doi.org/10.1016/j.seta.2023.103430
https://doi.org/10.1016/j.seta.2023.103430
https://doi.org/10.1016/j.seta.2023.103430
https://openknowledge.fao.org/items/94eb5786-232a-496f-8fcf-215a59ebb4e3
https://openknowledge.fao.org/items/94eb5786-232a-496f-8fcf-215a59ebb4e3
https://doi.org/10.4060/cb7856en
https://doi.org/10.4060/cb7856en
https://doi.org/10.4060/cb7856en
https://pubmed.ncbi.nlm.nih.gov/38460665/
https://pubmed.ncbi.nlm.nih.gov/38460665/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9920460/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9920460/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9920460/


81 Chang, N., Chen, L., Wang, N., Cui, Q., Qiu, T., Zhao, 
S., He, H., Zeng, Y., Dai, W., Duan, C., & Fang, L. (2024). 
Unveiling the impacts of microplastic pollution on soil 
health: A comprehensive review. Science of the Total 
Environment, 951.

82 Hofmann, T., Ghoshal, S., Tufenkji, N., Adamowski, J. 
F., Bayen, S., Chen, Q., Demokritou, P., Flury, M., Hüffer, 
T., Ivleva, N. P., Ji, R., Leask, R. L., Maric, M., Mitrano, D. 
M., Sander, M., Pahl, S., Rillig, M. C., Walker, T. R., White, 
J. C., & Wilkinson, K. J. (2023). Plastics can be used more 
sustainably in agriculture. Communications Earth & 
Environment, 4(1).

83   Zhu, R., Zhang, Z., Zhang, N., Zhong, H., Zhou, F., 
Zhang, X., Liu, C., Huang, Y., Yuan, Y., Wang, Y., Li, 
C., Shi, H., Rillig, M. C., Dang, F., Ren, H., Zhang, Y., & 
Xing, B. (2025). A global estimate of multiecosystem 
photosynthesis losses under microplastic pollution.  
Proceedings of the National Academy of Sciences of 
the United States of America, 122(11), e2423957122.

84 Nizzetto, L., Futter, M., & Langaas, S. (2016). Are 
Agricultural Soils Dumps for Microplastics of Urban 
Origin?. Environmental Science & Technology, 50(20).

85 Kedzierski, M., Cirederf-Boulant, D., Palazot, M., Yvin, 
M., & Bruzaud, S. (2023). Continents of plastics: An 
estimate of the stock of microplastics in agricultural 
soils. Science of The Total Environment, 880, 163294. 

86 IEA. (2024). Global Hydrogen Review 2024. 

87 Schlissel, D., & Juhn, A. (2023). Blue hydrogen: Not 
clean, not low carbon, not a solution: Making hydrogen 
from natural gas makes no sense. Institute for Energy 
Economics and Financial Analysis.

88 Oil Change International. (2024). Funding failure: 
Carbon capture and fossil hydrogen subsidies 
exposed.

89 Schlissel, D., & Juhn, A. (2023). Blue hydrogen: Not 
clean, not low carbon, not a solution: Making hydrogen 
from natural gas makes no sense. Institute for Energy 
Economics and Financial Analysis.

90 Robertson, B., & Mousavian, M. (2022). Review 
of carbon capture to serve enhanced oil recovery: 
Overpromise and underperformance. Institute for 
Energy Economics and Financial Analysis.

91 Agora Industry. (2024). Global Green Fertiliser 
Tracker. 
 

92 Center for International Environmental Law. (2024). 
Emissions unleashed: The climate crisis and America’s 
petrochemical boom.

93 Rosa, L., & Gabrielli, P. (2022). Energy and Food 
Security Implications of Transitioning Synthetic 
Nitrogen Fertilizers to Net-Zero Emissions. 
Environmental Research Letters, 18.

94 Waters-Bayer, A. & Wario, H.T. (2020). Pastoralism 
and large-scale Renewable energy and green hydrogen 
projects, potentials and threats. Brot für die Welt and 
Heinrich Böll Foundation.

95 European Commission. (2022, May 18). RePowerEU 
Plan. 

96 Menegat, S., Ledo, A., & Tirado, R. (2022). 
Greenhouse gas emissions from global production 
and use of nitrogen synthetic fertilisers in agriculture. 
Scientific Reports, 12(1), 14490. 

97 Bio.News (2023, November 10). Can biotech break 
the interdependence between food production and 
fossil fuels?.

98 Heinrich-Böll-Stiftung, Friends of the Earth Europe, 
Bund für Umwelt und Naturschutz Deutschland 
(BUND), & PAN Europe. (2022). Pesticide Atlas 2022. 

99 Friends of the Earth. (2020). Gene-Silencing 
Pesticides: Risks and Concerns.

100 Arpaia, S., Christiaens, O., Giddings, K., Jones, H., 
Mezzetti, B., Moronta-Barrios, F., Perry, J. N., Sweet, J. 
B., Taning, C. N. T., Smagghe, G., & Dietz-Pfeilstetter, A. 
(2020). Biosafety of GM crop plants expressing dsRNA: 
Data requirements and EU regulatory considerations. 
Frontiers in Plant Science, 11.

101 See for example, FMC. (2023, October 6). Defining 
Biologicals in Crop Protection.

102 Wang, H.L., Ding, B.J., Dai, J.Q., Nazarenus, T. J., 
Borges, R., Mafra-Neto, A., Cahoon, E. B., Hofvander, 
P., Stymne, S., & Löfstedt, C. (2022). Insect pest 
management with sex pheromone precursors from 
engineered oilseed plants. Nature Sustainability, 5, 
981–990.

103 Friends of the Earth. (2023). Genetically engineered 
soil microbes: risks and concerns.

104 CSS. ENSSER, & VDW. (2019). Gene drives: A report 
on their science, applications, social aspects, ethics 
and regulations. 

73  |  FUEL TO FORK ENDNOTES

https://www.sciencedirect.com/science/article/abs/pii/S0048969724057991#preview-section-introduction
https://www.sciencedirect.com/science/article/abs/pii/S0048969724057991#preview-section-introduction
https://doi.org/10.1038/s43247-023-00982-4
https://doi.org/10.1038/s43247-023-00982-4
https://www.pnas.org/doi/abs/10.1073/pnas.2423957122
https://www.pnas.org/doi/abs/10.1073/pnas.2423957122
https://doi.org/10.1021/acs.est.6b04140
https://doi.org/10.1021/acs.est.6b04140
https://doi.org/10.1021/acs.est.6b04140
https://doi.org/10.1016/j.scitotenv.2023.163294
https://doi.org/10.1016/j.scitotenv.2023.163294
https://doi.org/10.1016/j.scitotenv.2023.163294
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
https://ieefa.org/sites/default/files/2024-01/Blue Hydrogen Not Clean Not Low Carbon_September 2023_0.pdf
https://ieefa.org/sites/default/files/2024-01/Blue Hydrogen Not Clean Not Low Carbon_September 2023_0.pdf
https://ieefa.org/sites/default/files/2024-01/Blue Hydrogen Not Clean Not Low Carbon_September 2023_0.pdf
https://oilchange.org/publications/funding-failure-carbon-capture-and-fossil-hydrogen-subsidies-exposed/
https://oilchange.org/publications/funding-failure-carbon-capture-and-fossil-hydrogen-subsidies-exposed/
https://oilchange.org/publications/funding-failure-carbon-capture-and-fossil-hydrogen-subsidies-exposed/
https://ieefa.org/sites/default/files/2024-01/Blue Hydrogen Not Clean Not Low Carbon_September 2023_0.pdf
https://ieefa.org/sites/default/files/2024-01/Blue Hydrogen Not Clean Not Low Carbon_September 2023_0.pdf
https://ieefa.org/sites/default/files/2024-01/Blue Hydrogen Not Clean Not Low Carbon_September 2023_0.pdf
https://ieefa.org/wp-content/uploads/2022/02/Carbon-Capture-to-Serve-Enhanced-Oil-Recovery-Overpromise-and-Underperformance_March-2022.pdf
https://ieefa.org/wp-content/uploads/2022/02/Carbon-Capture-to-Serve-Enhanced-Oil-Recovery-Overpromise-and-Underperformance_March-2022.pdf
https://ieefa.org/wp-content/uploads/2022/02/Carbon-Capture-to-Serve-Enhanced-Oil-Recovery-Overpromise-and-Underperformance_March-2022.pdf
https://www.agora-industry.org/data-tools/global-green-fertiliser-tracker-1
https://www.agora-industry.org/data-tools/global-green-fertiliser-tracker-1
https://www.ciel.org/wp-content/uploads/2024/09/Emissioned-Unleashed_The-Climate-Crisis-and-Americas-Petrochemical-Boom.pdf
https://www.ciel.org/wp-content/uploads/2024/09/Emissioned-Unleashed_The-Climate-Crisis-and-Americas-Petrochemical-Boom.pdf
https://doi.org/10.1088/1748-9326/aca815
https://doi.org/10.1088/1748-9326/aca815
https://doi.org/10.1088/1748-9326/aca815
https://www.boell.de/sites/default/files/2022-05/Pastoralism-and-large-scale-REnewable-energy-and-green-hydrogen-projects.pdf
https://www.boell.de/sites/default/files/2022-05/Pastoralism-and-large-scale-REnewable-energy-and-green-hydrogen-projects.pdf
https://www.boell.de/sites/default/files/2022-05/Pastoralism-and-large-scale-REnewable-energy-and-green-hydrogen-projects.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM%3A2022%3A230%3AFIN
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM%3A2022%3A230%3AFIN
https://www.nature.com/articles/s41598-022-18773-w
https://www.nature.com/articles/s41598-022-18773-w
https://doi.org/10.1038/s41598-022-18773-w
https://bio.news/agriculture/can-biotech-break-the-interdependence-between-food-production-and-fossil-fuels/
https://bio.news/agriculture/can-biotech-break-the-interdependence-between-food-production-and-fossil-fuels/
https://bio.news/agriculture/can-biotech-break-the-interdependence-between-food-production-and-fossil-fuels/
https://eu.boell.org/en/PesticideAtlas
https://foe.org/wp-content/uploads/2020/10/RNAi_FullReport.pdf
https://foe.org/wp-content/uploads/2020/10/RNAi_FullReport.pdf
https://foe.org/wp-content/uploads/2020/10/RNAi_FullReport.pdf
https://foe.org/wp-content/uploads/2020/10/RNAi_FullReport.pdf
https://foe.org/wp-content/uploads/2020/10/RNAi_FullReport.pdf
https://foe.org/wp-content/uploads/2020/10/RNAi_FullReport.pdf
https://doi.org/10.3389/fpls.2020.00940
https://doi.org/10.3389/fpls.2020.00940
https://ag.fmc.com/us/en/agronomic-updates/defining-biologicals-crop-protection#:~:text=Microbial based biologicals use certain,insect pests%2C nematodes and weeds.
https://ag.fmc.com/us/en/agronomic-updates/defining-biologicals-crop-protection#:~:text=Microbial based biologicals use certain,insect pests%2C nematodes and weeds.
https://doi.org/10.1038/s41893-022-00949-x
https://doi.org/10.1038/s41893-022-00949-x
https://doi.org/10.1038/s41893-022-00949-x
https://foe.org/resources/ge-soil-microbes/
https://foe.org/resources/ge-soil-microbes/
https://foe.org/resources/ge-soil-microbes/
https://www.econexus.info/files/gene-drives-report.pdf
https://www.econexus.info/files/gene-drives-report.pdf
https://www.econexus.info/files/gene-drives-report.pdf
https://www.econexus.info/files/gene-drives-report.pdf
https://www.econexus.info/files/gene-drives-report.pdf


105 See, for example, Miller, L. (2020, January 10). 
Making real a biotechnology dream: Nitrogen-fixing 
cereal crops. MIT News.

106 See, for example, Pivot Bio. (n.d.). Making 
agriculture more sustainable with microbial nitrogen 
fertilizer technology.

107 See Daniel, A. (2025, March 18). A cell pulls off one of 
the 'Holy Grails' of biotechnology. NPR.

108 Jungers, G., Portet-Koltalo, F., Cosme, J., & Seralini, 
G. E. (2022). Petroleum in pesticides: A need to change 
regulatory toxicology. Toxics, 10(11), 670.

109 Hoang, B. T. L., Fletcher, S. J., Brosnan, C. A., Ghodke, 
A. B., Manzie, N., & Mitter, N. (2022). RNAi as a foliar 
spray: Efficiency and challenges to field applications. 
International Journal of Molecular Science, 23(12), 
6639.

110 Friends of the Earth. (2020). Gene-Silencing 
Pesticides: Risks and Concerns.

111 Ibid.

112 Wong, A. C. S., Massel, K., Lam, Y., Hintzsche, J., & 
Chauhan, B. S. (2022). Biotechnological road map 
for innovative weed management. Frontiers in Plant 
Science, 13, 887723.

113 Corporate Europe Observatory. (2022, October 20). 
Exposed: How biotech giants use patents and new 
GMOs to control the future of food.

114 Germing, K., et al. (2025). Crop protection by 
RNA interference: a review of recent approaches, 
current state of developments and use as of 2013. 
Environmental Sciences Europe, 37(1), 15.

115 ETC Group. (2022). Food Barons: Crisis Profiteering, 
Digitalization and Shifting Power. 

116 Corporate Europe Observatory. (2022, October 20). 
Exposed: How biotech giants use patents and new 
GMOs to control the future of food.

117 Bloomfield, D., Pannu, J., Zhu, A. W., Ng, M. Y., Lewis, 
A., Bendavid, E., Asch, S. M., Hernandez-Boussard, T., 
Cicero, A., & Inglesby, T. (2024). AI and biosecurity: The 
need for governance. Science, 385(6711), 831–833.

118 See for example, Zanin, A. R. A., Neves, D. C., 
Teodoro, L. P. R., et al. (2022). Reduction of pesticide 
application via real-time precision spraying. Scientific 
Reports, 12, 5638.

119 Machleb, J., Peteinatos, G. G., Kollenda, B., Andújar, 
D., & Gerhards, R. (2020). Sensor-based mechanical 
weed control: Present state and prospects. Computers 
and Electronics in Agriculture, 176, 105638.

120 Association of Equipment Manufacturers (AEM). 
(2021). The environmental benefits of precision 
agriculture in the United States.

121 A USDA field trial study on pasture crops reported 
an increase in fuel use per hectare when tractor 
auto-guidance was activated, Ashworth, A.J. et al., 
(2020). Environmental Impact Assessment of Tractor 
Guidance Systems Based on Pasture Management 
Scenarios. Journal of the ASABE, 65(3).

122 Bahmutsky, S., Grassauer, F., Arulnathan, V., & 
Pelletier, N. (2024).A review of life cycle impacts and 
costs of precision agriculture for cultivation of field 
crops. Sustainable Production and Consumption.

123 Bronson, K. (2022). The immaculate conception of 
data: Agribusiness, activists, and their shared politics 
of the future. McGill-Queen's University Press

124 Bessette, D. L., Brainard, D. C., Srivastava, A. K., Lee, 
W., & Geurkink, S. (2022). Battery electric tractors: 
small-scale organic growers’ preferences, perceptions, 
and concerns. Energies, 15(22), 8648.

125 Malik, A., & Kohli, S. (2020). Electric tractors: Survey 
of challenges and opportunities in India. Materials 
Today: Proceedings, 28, 2318-2324.

126 Shamshiri, R. R. (2024). Electrical tractors for 
autonomous farming. In Mobile Robots for Digital 
Farming (pp. 89-106). CRC Press.

127 Bessette, D. L., Brainard, D. C., Srivastava, A. K., Lee, 
W., & Geurkink, S. (2022). Battery electric tractors: 
small-scale organic growers’ preferences, perceptions, 
and concerns. Energies, 15(22), 8648.

128 CIEL. (2022). Sowing a Plastic Planet: How 
Microplastics in Agrochemicals Are Affecting Our Soils, 
Our Food, and Our Future

129 Pappa, F. (2024). Sounding the alarm for digital 
agriculture: Examining risks to the human rights to 
science and food. Netherlands Quarterly of Human 
Rights, 42(3), 276–296. 

130 See for instance: Anastasiou, E., Fountas, S., 
Voulgaraki, M., Psiroukis, V., Koutsiaras, M., Kriezi, 
O., et al. (2023). Precision farming technologies for 
crop protection: A meta-analysis. Smart Agricultural 
Technology, 5, 100323.

74  |  FUEL TO FORK ENDNOTES

https://news.mit.edu/2020/making-real-biotechnology-dream-nitrogen-fixing-cereal-crops-0110
https://news.mit.edu/2020/making-real-biotechnology-dream-nitrogen-fixing-cereal-crops-0110
https://www.pivotbio.com/our-technology
https://www.pivotbio.com/our-technology
https://www.pivotbio.com/our-technology
https://www.npr.org/2025/03/18/nx-s1-5330385/a-cell-pulls-off-one-of-the-holy-grails-of-biotechnology
https://www.npr.org/2025/03/18/nx-s1-5330385/a-cell-pulls-off-one-of-the-holy-grails-of-biotechnology
https://www.mdpi.com/2305-6304/10/11/670
https://www.mdpi.com/2305-6304/10/11/670
https://doi.org/10.3390/ijms23126639
https://doi.org/10.3390/ijms23126639
https://doi.org/10.3390/ijms23126639
https://foe.org/wp-content/uploads/2020/10/RNAi_FullReport.pdf
https://foe.org/wp-content/uploads/2020/10/RNAi_FullReport.pdf
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2022.887723/full
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2022.887723/full
https://corporateeurope.org/en/2022/10/exposed-how-biotech-giants-use-patents-and-new-gmos-control-future-food
https://corporateeurope.org/en/2022/10/exposed-how-biotech-giants-use-patents-and-new-gmos-control-future-food
https://corporateeurope.org/en/2022/10/exposed-how-biotech-giants-use-patents-and-new-gmos-control-future-food
https://link.springer.com/article/10.1186/s12302-025-01052-6
https://link.springer.com/article/10.1186/s12302-025-01052-6
https://link.springer.com/article/10.1186/s12302-025-01052-6
https://www.etcgroup.org/files/files/food-barons-2022-full_sectors-final_16_sept.pdf
https://www.etcgroup.org/files/files/food-barons-2022-full_sectors-final_16_sept.pdf
https://corporateeurope.org/en/2022/10/exposed-how-biotech-giants-use-patents-and-new-gmos-control-future-food
https://corporateeurope.org/en/2022/10/exposed-how-biotech-giants-use-patents-and-new-gmos-control-future-food
https://corporateeurope.org/en/2022/10/exposed-how-biotech-giants-use-patents-and-new-gmos-control-future-food
https://doi.org/10.1126/science.adq1977
https://doi.org/10.1126/science.adq1977
https://doi.org/10.1126/science.adq1977
https://doi.org/10.1038/s41598-022-09607-w
https://doi.org/10.1038/s41598-022-09607-w
https://doi.org/10.1038/s41598-022-09607-w
https://doi.org/10.1016/j.compag.2020.105638
https://doi.org/10.1016/j.compag.2020.105638
https://app.box.com/s/3s8x8xq1olm2ygmsguo8iu56mgaowl4l
https://app.box.com/s/3s8x8xq1olm2ygmsguo8iu56mgaowl4l
https://app.box.com/s/3s8x8xq1olm2ygmsguo8iu56mgaowl4l
http://dx.doi.org/10.13031/ja.14930
http://dx.doi.org/10.13031/ja.14930
http://dx.doi.org/10.13031/ja.14930
https://www.sciencedirect.com/science/article/pii/S2352550924003221
https://www.sciencedirect.com/science/article/pii/S2352550924003221
https://www.sciencedirect.com/science/article/pii/S2352550924003221
https://doi.org/10.3390/en15228648
https://doi.org/10.3390/en15228648
https://doi.org/10.3390/en15228648
https://doi.org/10.1016/j.matpr.2020.04.585
https://doi.org/10.1016/j.matpr.2020.04.585
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003306283-3/electrical-tractors-autonomous-farming-redmond-shamshiri
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003306283-3/electrical-tractors-autonomous-farming-redmond-shamshiri
https://doi.org/10.3390/en15228648
https://doi.org/10.3390/en15228648
https://doi.org/10.3390/en15228648
https://www.ciel.org/wp-content/uploads/2022/12/Sowing-a-Plastic-Planet_1dec22.pdf
https://www.ciel.org/wp-content/uploads/2022/12/Sowing-a-Plastic-Planet_1dec22.pdf
https://www.ciel.org/wp-content/uploads/2022/12/Sowing-a-Plastic-Planet_1dec22.pdf
https://doi.org/10.1177/09240519241270408
https://doi.org/10.1177/09240519241270408
https://doi.org/10.1177/09240519241270408
https://www.sciencedirect.com/science/article/pii/S2772375523001521
https://www.sciencedirect.com/science/article/pii/S2772375523001521


131 Mytton, D., & Ashtine, M. (2022). Sources of data 
center energy estimates : A comprehensive review. 
Joule, 6(9), 2032-2056.

132 International Energy Agency. (2025). Energy and AI: 
World Energy Outlook Special Report.

133 Ibid.

134 Goldman Sachs. (2024, April 28). Generational 
growth: AI, data centers and the coming US power 
demand surge.

135 Olivo, A. (2024, April 17). Internet data centers 
are fueling drive to old power source: Coal. The 
Washington Post. 

136 Kimball, S. (2025, January 23). Trump says he will 
approve power plants for AI through emergency 
declaration. CNBC.

137 Ambrose, J. (2024, July 23). Ireland’s datacentres 
overtake electricity use of all urban homes combined. 
The Guardian.

138 Beyond Fossil Fuels. (2025). System overload: 
How new data centres could throw Europe’s energy 
transition off course.

139 S&P Global Ratings. (2024, October 30). Data 
centers: Rapid growth will test U.S. tech sector’s 
decarbonization ambitions.

140 Kerr, D. (2024, July 12). AI brings soaring emissions 
for Google and Microsoft, a major contributor to 
climate change. NPR.

141 Microsoft. (2024). 2024 Environmental Sustainability 
Report.

142 Spencer, T., & Singh, S. (2024, October 18). What the 
data centre and AI boom could mean for the energy 
sector. International Energy Agency.

143 S&P Global. (2024, October 30). Data centers: Rapid 
growth will test U.S. tech sector's decarbonization 
ambitions.

144 Luccioni, S., Trevelin, B., & Mitchell, M. (2024, 
September 3). The environmental impacts of AI – 
Primer. Hugging Face. 

145 ETC Group. (2024). Behind Sugar and Spice and 
Everything Nice: The Environmental Impacts of 
Digitalization.

146 Ibid.

147 Hackfort, S., Marquis, S., & Bronson, K. (2024). 
Harvesting value : Corporate strategies of data 
assetization in agriculture and their socio-ecological 
implications. Big Data & Society, 11(1). 

148 Global Alliance for the Future of Food. (2023). Power 
shift: Why we need to wean industrial food systems off 
fossil fuel.

149 Sovacool, B. K., Bazilian, M., Griffiths, S., Kim, J., 
Foley, A., & Rooney, D. (2021). Decarbonizing the food 
and beverages industry: A critical and systematic 
review of developments, sociotechnical systems and 
policy options. Renewable and Sustainable Energy 
Reviews, 143, 110856.

150 Ladha-Sabur, A., Bakalis, S., Fryer, P. J., & Lopez-
Quiroga, E. (2019). Mapping energy consumption 
in food manufacturing. Trends in Food Science & 
Technology, 86, 270-280.

151 Galitsky, C., Worrell, E., & Ruth, M. (2003). Energy 
efficiency improvement and cost saving opportunities 
for the corn wet milling industry: An ENERGY STAR 
guide for energy and plant managers. Ernest 
Orlando Lawrence Berkeley National Laboratory, 
Environmental Energy Technologies Division.

152 Monteiro, C. A., Cannon, G., Levy, R. B., Moubarac, 
J.-C., Louzada, M. L., Rauber, F., Khandpur, N., Cediel, 
G., Neri, D., Martinez-Steele, E., Baraldi, L. G., & Jaime, 
P. C. (2019). Ultra-processed foods: What they are and 
how to identify them. Public Health Nutrition, 22(5), 
936–941.

153 Global Alliance for the Future of Food. (2023). Power 
shift: Why we need to wean industrial food systems off 
fossil fuel.

154 FAO. (2021). A multi-billion-dollar opportunity – 
Repurposing agricultural support to transform food 
systems. 

155Wood, B., Williams, O., Nagarajan, V., & Sacks, G. 
(2021). Market Strategies Used by Processed Food 
Manufacturers to Increase and Consolidate Their 
Power: A Systematic Review and Document Analysis. 
Globalization and Health, 17, 17.

156 Wood, B., Robinson, E., Baker, P., Paraje, G., Mialon, 
M., van Tulleken, C., & Sacks, G. (2023). What is the 
purpose of ultra-processed food? An exploratory 
analysis of the financialisation of ultra-processed 
food corporations and implications for public health. 
Globalization and Health, 19(1), 85.

75  |  FUEL TO FORK ENDNOTES

https://doi.org/10.1016/j.joule.2022.07.011
https://doi.org/10.1016/j.joule.2022.07.011
https://www.iea.org/reports/energy-and-ai
https://www.iea.org/reports/energy-and-ai
https://www.goldmansachs.com/pdfs/insights/pages/generational-growth-ai-data-centers-and-the-coming-us-power-surge/report.pdf
https://www.goldmansachs.com/pdfs/insights/pages/generational-growth-ai-data-centers-and-the-coming-us-power-surge/report.pdf
https://www.goldmansachs.com/pdfs/insights/pages/generational-growth-ai-data-centers-and-the-coming-us-power-surge/report.pdf
https://www.washingtonpost.com/business/interactive/2024/data-centers-internet-power-source-coal
https://www.washingtonpost.com/business/interactive/2024/data-centers-internet-power-source-coal
https://www.cnbc.com/2025/01/23/trump-says-he-will-approve-ai-power-plants-using-emergency-declaration.html
https://www.cnbc.com/2025/01/23/trump-says-he-will-approve-ai-power-plants-using-emergency-declaration.html
https://www.cnbc.com/2025/01/23/trump-says-he-will-approve-ai-power-plants-using-emergency-declaration.html
https://www.theguardian.com/world/article/2024/jul/23/ireland-datacentres-overtake-electricity-use-of-all-homes-combined-figures-show
https://www.theguardian.com/world/article/2024/jul/23/ireland-datacentres-overtake-electricity-use-of-all-homes-combined-figures-show
https://beyondfossilfuels.org/2025/02/10/system-overload-how-new-data-centres-could-throw-europes-energy-transition-off-course/
https://beyondfossilfuels.org/2025/02/10/system-overload-how-new-data-centres-could-throw-europes-energy-transition-off-course/
https://beyondfossilfuels.org/2025/02/10/system-overload-how-new-data-centres-could-throw-europes-energy-transition-off-course/
https://beyondfossilfuels.org/2025/02/10/system-overload-how-new-data-centres-could-throw-europes-energy-transition-off-course/
https://www.spglobal.com/ratings/en/research/articles/241030-data-centers-rapid-growth-will-test-u-s-tech-sector-s-decarbonization-ambitions-13302390
https://www.spglobal.com/ratings/en/research/articles/241030-data-centers-rapid-growth-will-test-u-s-tech-sector-s-decarbonization-ambitions-13302390
https://www.spglobal.com/ratings/en/research/articles/241030-data-centers-rapid-growth-will-test-u-s-tech-sector-s-decarbonization-ambitions-13302390
https://www.spglobal.com/ratings/en/research/articles/241030-data-centers-rapid-growth-will-test-u-s-tech-sector-s-decarbonization-ambitions-13302390
https://www.npr.org/2024/07/12/g-s1-9545/ai-brings-soaring-emissions-for-google-and-microsoft-a-major-contributor-to-climate-change
https://www.npr.org/2024/07/12/g-s1-9545/ai-brings-soaring-emissions-for-google-and-microsoft-a-major-contributor-to-climate-change
https://www.npr.org/2024/07/12/g-s1-9545/ai-brings-soaring-emissions-for-google-and-microsoft-a-major-contributor-to-climate-change
https://www.npr.org/2024/07/12/g-s1-9545/ai-brings-soaring-emissions-for-google-and-microsoft-a-major-contributor-to-climate-change
https://www.microsoft.com/en-us/corporate-responsibility/sustainability/report
https://www.microsoft.com/en-us/corporate-responsibility/sustainability/report
https://www.iea.org/commentaries/what-the-data-centre-and-ai-boom-could-mean-for-the-energy-sector
https://www.iea.org/commentaries/what-the-data-centre-and-ai-boom-could-mean-for-the-energy-sector
https://www.iea.org/commentaries/what-the-data-centre-and-ai-boom-could-mean-for-the-energy-sector
https://www.iea.org/commentaries/what-the-data-centre-and-ai-boom-could-mean-for-the-energy-sector
https://www.spglobal.com/ratings/en/research/articles/241030-data-centers-rapid-growth-will-test-u-s-tech-sector-s-decarbonization-ambitions-13302390
https://www.spglobal.com/ratings/en/research/articles/241030-data-centers-rapid-growth-will-test-u-s-tech-sector-s-decarbonization-ambitions-13302390
https://www.spglobal.com/ratings/en/research/articles/241030-data-centers-rapid-growth-will-test-u-s-tech-sector-s-decarbonization-ambitions-13302390
https://huggingface.co/blog/sasha/ai-environment-primer
https://huggingface.co/blog/sasha/ai-environment-primer
https://huggingface.co/blog/sasha/ai-environment-primer
https://www.etcgroup.org/sites/www.etcgroup.org/files/files/sugar_spice-web_1.pdf
https://www.etcgroup.org/sites/www.etcgroup.org/files/files/sugar_spice-web_1.pdf
https://www.etcgroup.org/sites/www.etcgroup.org/files/files/sugar_spice-web_1.pdf
https://www.etcgroup.org/sites/www.etcgroup.org/files/files/sugar_spice-web_1.pdf
https://doi.org/10.1177/20539517241234279
https://doi.org/10.1177/20539517241234279
https://doi.org/10.1177/20539517241234279
https://futureoffood.org/insights/power-shift-why-we-need-to-wean-industrial-food-systems-off-fossil-fuels/
https://futureoffood.org/insights/power-shift-why-we-need-to-wean-industrial-food-systems-off-fossil-fuels/
https://futureoffood.org/insights/power-shift-why-we-need-to-wean-industrial-food-systems-off-fossil-fuels/
https://www.sciencedirect.com/science/article/pii/S1364032121001507#bib166
https://www.sciencedirect.com/science/article/pii/S1364032121001507#bib166
https://www.sciencedirect.com/science/article/pii/S1364032121001507#bib166
https://www.sciencedirect.com/science/article/pii/S1364032121001507#bib166
https://doi.org/10.1016/j.tifs.2019.02.034
https://doi.org/10.1016/j.tifs.2019.02.034
https://www.energystar.gov/sites/default/files/buildings/tools/LBNL-52307.pdf
https://www.energystar.gov/sites/default/files/buildings/tools/LBNL-52307.pdf
https://www.energystar.gov/sites/default/files/buildings/tools/LBNL-52307.pdf
https://www.energystar.gov/sites/default/files/buildings/tools/LBNL-52307.pdf
https://pubmed.ncbi.nlm.nih.gov/30744710/
https://pubmed.ncbi.nlm.nih.gov/30744710/
https://futureoffood.org/insights/power-shift-why-we-need-to-wean-industrial-food-systems-off-fossil-fuels/
https://futureoffood.org/insights/power-shift-why-we-need-to-wean-industrial-food-systems-off-fossil-fuels/
https://futureoffood.org/insights/power-shift-why-we-need-to-wean-industrial-food-systems-off-fossil-fuels/
https://www.fao.org/documents/card/en/c/cb6562en
https://www.fao.org/documents/card/en/c/cb6562en
https://www.fao.org/documents/card/en/c/cb6562en
https://doi.org/10.1186/s12992-021-00667-7
https://doi.org/10.1186/s12992-021-00667-7
https://doi.org/10.1186/s12992-021-00667-7
https://globalizationandhealth.biomedcentral.com/articles/10.1186/s12992-023-00990-1
https://globalizationandhealth.biomedcentral.com/articles/10.1186/s12992-023-00990-1
https://globalizationandhealth.biomedcentral.com/articles/10.1186/s12992-023-00990-1
https://globalizationandhealth.biomedcentral.com/articles/10.1186/s12992-023-00990-1
https://globalizationandhealth.biomedcentral.com/articles/10.1186/s12992-023-00990-1


157 Hall, K. D., Ayuketah, A., Brychta, R., Cai, H., 
Cassimatis, T., Chen, K. Y., Chung, S., Costa, E., 
Courville, A., Darcey, V., Fletcher, L. A., Forde, C. 
G., Gharib, A. M., Guo, J., Howard, R., Joseph, P. V., 
McGehee, S., Ouwerkerk, R., Raisinger, K., Rozga, I., 
Stagliano, M., Walter, M., Walter, P. J., Yang, S., & Zhou, 
M. (2019). Ultra-processed diets cause excess calorie 
intake and weight gain: An inpatient randomized 
controlled trial of ad libitum food intake. Cell 
Metabolism, 30(1), 67–77.e3.

158 Baker, P., Machado, P., Santos, T., Sievert, K., 
Backholer, K., Hadjikakou, M., Russell, C., Huse, O., 
Bell, C., Scrinis, G., Worsley, A., Friel, S., & Lawrence, 
M. (2020). Ultra-processed foods and the nutrition 
transition: Global, regional and national trends, food 
systems transformations and political economy 
drivers. Obesity Reviews, 21(12), e13126.

159 FAO, IFAD, UNICEF, WFP, & WHO. (2023). The state 
of food security and nutrition in the world 2023.

160 Taylor, C., Maroccia, J., Masterson, M., & 
Rosentrater, K. A. (2023). Comprehensive life cycle 
assessment of the corn wet milling industry in the 
United States. Frontiers in Energy Research, 11. 

161 Heinrich Böll Stiftung, Friends of the Earth Europe 
and Bund für Umwelt und Naturschutz. (2021). The 
Meat Atlas 2021. p.60.

162 Lane, M. M., Gamage, E., Du, S., Ashtree, D. N., 
McGuinness, A. J., Gauci, S., Baker, P., Lawrence, M., 
Rebholz, C. M., Srour, B., Touvier, M., Jacka, F. N., O’Neil, 
A., Segasby, T., & Marx, W. (2024). Ultra-processed food 
exposure and adverse health outcomes : umbrella 
review of epidemiological meta-analyses. BMJ, 
e077310.

163 Nilson, E. A. F., Delpino, F. M., Batis, C., Machado, 
P. P., Moubarac, J. C., Cediel, G., Corvalan, C., Ferrari, 
G., Rauber, F., Martinez-Steele, E., Louzada, M. L. D. C., 
Levy, R. B., Monteiro, C. A., & Rezende, L. F. M. (2025). 
Premature mortality attributable to ultraprocessed 
food consumption in 8 countries. American Journal of 
Preventive Medicine, 58(4), 500-510.

164 Kesse-Guyot, E., Allès, B., Brunin, J., Fouillet, H., 
Dussiot, A., Berthy, F., Perraud, E., Hercberg, S., Julia, C., 
Mariotti, F., Deschasaux-Tanguy, M., Srour, B., Lairon, 
D., Pointereau, P., Baudry, J., & Touvier, M. (2022). 
Environmental impacts along the value chain from 
the consumption of ultra-processed foods. Nature 
Sustainability, 6(2), 192-202. 

165 Karali, N., Khanna, N., & Shah, N. (2024). Climate 
Impact of Primary Plastic Production. Lawrence 
Berkeley National Laboratory. 

166 FAO. (2021) Assessment of agricultural plastics and 
their sustainability – A call for action. 

167 Tan, J., Tiwari, S. K., & Ramakrishna, S. (2021). Single-
use plastics in the food services industry: can it be 
sustainable?. Materials Circular Economy, 3(1), 7.

168 Grand View Research. (2024). Plastic packaging 
market size, share & trends analysis report by material, 
by product (rigid, flexible), by technology (injection 
molding, extrusion, blow molding, thermoforming), by 
application, by region, and segment forecasts, 2024–
2030. Report No. GVR-2-68038-516-8.

169 Ibid.

170 Bauer, F., Tilsted, J. P., Deere Birkbeck, C., Skovgaard, 
J., Rootzén, J., Karltorp, K., Åhman, M., Finkill, G. 
D., Cortat, L., & Nyberg, T. (2024). Petrochemicals 
and climate change: Powerful fossil fuel lock-ins 
and interventions for transformative change. 
Environmental and Energy Systems Studies, Lund 
University.

171 IEA. (2018). The Future of Petrochemicals.

172 Ibid..

173 Willis J., Bofiliou T., Wielechowski R., Manili A. (2024). 
The Plastic Recycling Deception. Planet Tracker.

174   Center for Climate Integrity. (2024) The Fraud of 
Plastic Recycling: How Big Oil and the Plastics Industry 
Deceived the Public for Decades and Caused the 
Plastic Waste Crisis.

175   OECD. (2022). Global Plastics Outlook: Policy 
Scenarios to 2060. 

176 Rivas, M. L., Albion, I., Bernal, B., Handcock, R. 
N., Heatwole, S. J., Parrott, M. L., Piazza, K. A., & 
Deschaseaux, E. (2022). The plastic pandemic: 
COVID-19 has accelerated plastic pollution, but there is 
a cure. Science of the Total Environment, 847, 157555. 

177 Cowger, W., Willis, K. A., Bullock, S., Conlon, K., 
Emmanuel, J., Erdle, L. M., Eriksen, M., Farrelly, T. A., 
Hardesty, B. D., Kerge, K., Li, N., Li, Y., Liebman, A., 
Tangri, N., Thiel, M., Villarrubia-Gómez, P., Walker, T. R., 
& Wang, M. (2024). Global producer responsibility for 
plastic pollution. Science Advances, 10(17).

76  |  FUEL TO FORK ENDNOTES

https://www.cell.com/cell-metabolism/fulltext/S1550-4131(19)30248-7?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1550413119302487%3Fshowall%3Dtrue
https://www.cell.com/cell-metabolism/fulltext/S1550-4131(19)30248-7?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1550413119302487%3Fshowall%3Dtrue
https://www.cell.com/cell-metabolism/fulltext/S1550-4131(19)30248-7?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1550413119302487%3Fshowall%3Dtrue
https://pubmed.ncbi.nlm.nih.gov/32761763/
https://pubmed.ncbi.nlm.nih.gov/32761763/
https://pubmed.ncbi.nlm.nih.gov/32761763/
https://pubmed.ncbi.nlm.nih.gov/32761763/
https://openknowledge.fao.org/items/445c9d27-b396-4126-96c9-50b335364d01
https://openknowledge.fao.org/items/445c9d27-b396-4126-96c9-50b335364d01
https://www.frontiersin.org/journals/energy-research/articles/10.3389/fenrg.2023.1023561/full
https://www.frontiersin.org/journals/energy-research/articles/10.3389/fenrg.2023.1023561/full
https://www.frontiersin.org/journals/energy-research/articles/10.3389/fenrg.2023.1023561/full
https://eu.boell.org/sites/default/files/2021-09/MeatAtlas2021_final_web.pdf
https://eu.boell.org/sites/default/files/2021-09/MeatAtlas2021_final_web.pdf
https://doi.org/10.1136/bmj-2023-077310
https://doi.org/10.1136/bmj-2023-077310
https://doi.org/10.1136/bmj-2023-077310
https://www.ajpmonline.org/article/S0749-3797(25)00072-8/fulltext
https://www.ajpmonline.org/article/S0749-3797(25)00072-8/fulltext
https://doi.org/10.1038/s41893-022-01013-4
https://doi.org/10.1038/s41893-022-01013-4
https://escholarship.org/uc/item/6cc1g99q
https://escholarship.org/uc/item/6cc1g99q
https://escholarship.org/uc/item/6cc1g99q
https://openknowledge.fao.org/items/94eb5786-232a-496f-8fcf-215a59ebb4e3
https://openknowledge.fao.org/items/94eb5786-232a-496f-8fcf-215a59ebb4e3
https://link.springer.com/article/10.1007/s42824-021-00019-1
https://link.springer.com/article/10.1007/s42824-021-00019-1
https://link.springer.com/article/10.1007/s42824-021-00019-1
https://www.grandviewresearch.com/industry-analysis/plastic-packaging-market
https://www.grandviewresearch.com/industry-analysis/plastic-packaging-market
https://www.grandviewresearch.com/industry-analysis/plastic-packaging-market
https://www.grandviewresearch.com/industry-analysis/plastic-packaging-market
https://www.grandviewresearch.com/industry-analysis/plastic-packaging-market
https://www.grandviewresearch.com/industry-analysis/plastic-packaging-market
https://portal.research.lu.se/en/publications/petrochemicals-and-climate-change-powerful-fossil-fuel-lock-ins-a
https://portal.research.lu.se/en/publications/petrochemicals-and-climate-change-powerful-fossil-fuel-lock-ins-a
https://portal.research.lu.se/en/publications/petrochemicals-and-climate-change-powerful-fossil-fuel-lock-ins-a
https://www.iea.org/reports/the-future-of-petrochemicals
https://planet-tracker.org/wp-content/uploads/2024/04/The-Plastic-Recycling-Deception.pdf
https://climateintegrity.org/plastics-fraud
https://climateintegrity.org/plastics-fraud
https://climateintegrity.org/plastics-fraud
https://climateintegrity.org/plastics-fraud
https://climateintegrity.org/plastics-fraud
https://www.oecd.org/en/publications/global-plastics-outlook_aa1edf33-en.html
https://www.oecd.org/en/publications/global-plastics-outlook_aa1edf33-en.html
https://pmc.ncbi.nlm.nih.gov/articles/PMC9304335/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9304335/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9304335/
https://doi.org/10.1126/sciadv.adj8275
https://doi.org/10.1126/sciadv.adj8275
https://doi.org/10.1126/sciadv.adj8275


178 Break Free From Plastics. (2023). BRANDED 
6: Holding the World’s Worst Plastic Polluters 
Accountable Annually Since 2018.

179 Landrigan, P. J., Raps, H., Cropper, M., Bald, C., 
Brunner, M., Canonizado, E. M., Charles, D., Chiles, 
T. C., Donohue, M. J., Enck, J., Fenichel, P., Fleming, 
L. E., Ferrier-Pages, C., Fordham, R., Gozt, A., Griffin, 
C., Hahn, M. E., Haryanto, B., Hixson, R., … Dunlop, S. 
(2023). The Minderoo-Monaco Commission on Plastics 
and Human Health. Annals of Global Health, 89(1), 23.

180 Wagner, M., Monclús, L., Arp, H. P. H., Groh, K. 
J., Løseth, M. E., Muncke, J., Wang, Z., Wolf, R., & 
Zimmermann, L. (2024). State of the science on plastic 
chemicals: Identifying and addressing chemicals and 
polymers of concern.

181 Geueke, B., Parkinson, L. V., Groh, K. J., Kassotis, 
C. D., Maffini, M. V., Martin, O. V., Zimmermann, 
L., Scheringer, M., & Muncke, J. (2024). Evidence 
for widespread human exposure to food contact 
chemicals. Journal Of Exposure Science & 
Environmental Epidemiology. 

182 Yates, J., Deeney, M., Muncke, J. et al. Plastics matter 
in the food system. Commun Earth Environ 6, 176 
(2025).

183 Crippa, M., Solazzo, E., Guizzardi, D., Monforti-
Ferrario, F., Tubiello, F. N., & Leip, A. (2021). Food 
systems are responsible for a third of global 
anthropogenic GHG emissions. Nature Food, 2(3), 
198–209. 

184 Poore, J., & Nemecek, T. (2018). Reducing food’s 
environmental impacts through producers and 
consumers. Science, 360(6392), 987–992.

185 IEA. (2019). The Future of Rail: Opportunities for 
energy and the environment.

186 Crippa, M., Solazzo, E., Guizzardi, D., Monforti-
Ferrario, F., Tubiello, F. N., & Leip, A. (2021). Food 
systems are responsible for a third of global 
anthropogenic GHG emissions. Nature Food, 2(3), 
198–209.

187 Ibid.

188 Poore, J., & Nemecek, T. (2018). Reducing food’s 
environmental impacts through producers and 
consumers. Science, 360(6392), 987–992.

189 Crippa, M., Solazzo, E., Guizzardi, D., Monforti-
Ferrario, F., Tubiello, F. N., & Leip, A. (2021). Food 
systems are responsible for a third of global 
anthropogenic GHG emissions. Nature Food, 2(3), 
198–209.

190 OECD & FAO. (2024). OECD-FAO agricultural outlook 
2024-2033. OECD Publishing.

191 Chowdhury, S., Pozzer, A., Haines, A., Klingmüller, K., 
Münzel, T., Paasonen, P., Sharma, A., Venkataraman, 
C., & Lelieveld, J. (2022). Global health burden of 
ambient PM2.5 and the contribution of anthropogenic 
black carbon and organic aerosols. Environment 
International, 159.

192 The International Council on Clean Transportation 
(ICCT). (2017). Greenhouse gas emissions from global 
shipping, 2013–2015.

193 Fluch, J., Brunner, C., & Grubbauer, A. (2017). 
Potential for energy efficiency measures and 
integration of renewable energy in the European 
food and beverage industry based on the results of 
implemented projects. Energy Procedia, 123, 148-155.

194 IRENA. (2015). Renewable energy options for the 
industry sector: Global and regional potential until 
2030.

195 Ibid.

196 Mukherjee, S., Asthana, A., Howarth, M., McNeill, R., 
& Frisby, B. (2019). Achieving operational excellence 
for industrial baking ovens. Energy Procedia, 161, 395-
402.

197 Sovacool, B. K., Bazilian, M., Griffiths, S., Kim, J., 
Foley, A., & Rooney, D. (2021). Decarbonizing the food 
and beverages industry: A critical and systematic 
review of developments, sociotechnical systems and 
policy options. Renewable and Sustainable Energy 
Reviews, 143, 110856.

198 Dumont, M., Wang, R., Wenzke, D., Blok, K., & 
Heijungs, R. (2023). The techno-economic integrability 
of high-temperature heat pumps for decarbonizing 
process heat in the food and beverages industry. 
Resources, Conservation and Recycling, 188, Article 
106605.  
 
 

77  |  FUEL TO FORK ENDNOTES

https://brandaudit.breakfreefromplastic.org/brand-audit-2023/
https://brandaudit.breakfreefromplastic.org/brand-audit-2023/
https://brandaudit.breakfreefromplastic.org/brand-audit-2023/
https://doi.org/10.5334/aogh.4056
https://doi.org/10.5334/aogh.4056
https://zenodo.org/records/10701706
https://zenodo.org/records/10701706
https://zenodo.org/records/10701706
https://doi.org/10.1038/s41370-024-00718-2
https://doi.org/10.1038/s41370-024-00718-2
https://doi.org/10.1038/s41370-024-00718-2
https://doi.org/10.1038/s43247-025-02105-7
https://doi.org/10.1038/s43247-025-02105-7
https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1126/science.aaq0216
https://doi.org/10.1126/science.aaq0216
https://doi.org/10.1126/science.aaq0216
https://www.iea.org/energy-system/transport/rail
https://www.iea.org/energy-system/transport/rail
https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1126/science.aaq0216
https://doi.org/10.1126/science.aaq0216
https://doi.org/10.1126/science.aaq0216
https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1038/s43016-021-00225-9
https://www.oecd.org/en/publications/2024/07/oecd-fao-agricultural-outlook-2024-2033_e173f332.html
https://www.oecd.org/en/publications/2024/07/oecd-fao-agricultural-outlook-2024-2033_e173f332.html
https://doi.org/10.1016/j.envint.2021.107020
https://doi.org/10.1016/j.envint.2021.107020
https://doi.org/10.1016/j.envint.2021.107020
https://theicct.org/publication/greenhouse-gas-emissions-from-global-shipping-2013-2015/
https://theicct.org/publication/greenhouse-gas-emissions-from-global-shipping-2013-2015/
https://doi.org/10.1016/j.egypro.2017.07.243
https://doi.org/10.1016/j.egypro.2017.07.243
https://doi.org/10.1016/j.egypro.2017.07.243
https://doi.org/10.1016/j.egypro.2017.07.243
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2014/Aug/IRENA_RE_Potential_for_Industry_BP_2015.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2014/Aug/IRENA_RE_Potential_for_Industry_BP_2015.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2014/Aug/IRENA_RE_Potential_for_Industry_BP_2015.pdf
https://www.sciencedirect.com/science/article/pii/S1876610219311804
https://www.sciencedirect.com/science/article/pii/S1876610219311804
https://www.sciencedirect.com/science/article/pii/S1364032121001507#bib166
https://www.sciencedirect.com/science/article/pii/S1364032121001507#bib166
https://www.sciencedirect.com/science/article/pii/S1364032121001507#bib166
https://www.sciencedirect.com/science/article/pii/S1364032121001507#bib166
https://www.sciencedirect.com/science/article/abs/pii/S0921344922004396
https://www.sciencedirect.com/science/article/abs/pii/S0921344922004396
https://www.sciencedirect.com/science/article/abs/pii/S0921344922004396


199 Meyers, S., Schmitt, B., Chester-Jones, M., & Sturm, 
B. (2016). Energy efficiency, carbon emissions, and 
measures towards their improvement in the food and 
beverage sector for six European countries. Energy, 
104, 266-283.

200 Unilever. (2024, November 4). How can business 
help power policy change on renewables?.

201 AB InBev. (n.d.). Brewing with 100% renewable 
electricity.

202 Nestlé. (n.d.). Climate action in our operations.

203   Clairand, J.-M., Briceño-León, M., Escrivá-Escrivá, G., 
& Pantaleo, A. M. (2020). Review of energy efficiency 
technologies in the food industry: Trends, barriers, and 
opportunities. IEEE Access, 8, 36051–36072. 

204 Sovacool, B. K., Bazilian, M., Griffiths, S., Kim, J., 
Foley, A., & Rooney, D. (2021). Decarbonizing the food 
and beverages industry: A critical and systematic 
review of developments, sociotechnical systems and 
policy options. Renewable and Sustainable Energy 
Reviews, 143, 110856. 

205 Bell, J. & Girisan, V. (2024, December 19). The role of 
electrification in the food & beverage and consumer 
packaged goods sectors. ENGIE Impact.

206 Fluch, J., Brunner, C., & Grubbauer, A. (2017). 
Potential for energy efficiency measures and 
integration of renewable energy in the European 
food and beverage industry based on the results of 
implemented projects. Energy Procedia, 123, 148-155.

207 Graham, B. (2024, November 14). PepsiCo 
completes €2.4m rooftop solar panel installation at 
Cork facility. Echo Live.  

208 Campbell, D. (2024, September 18). Top UK food 
firms urged to do more to cut 'staggering' emissions. 
The Guardian.

209 Reavis, M., Ahlen, J., Rudek, J., & Naithani, K. (2022). 
Evaluating greenhouse gas emissions and climate 
mitigation goals of the global food and beverage 
sector. Frontiers in Sustainable Food Systems, 5.

210 World Health Organization. (2024). Commercial 
determinants of noncommunicable diseases in the 
WHO European Region. 

211 Popkin, B. M., Barquera, S., Corvalan, C., Hofman, 
K. J., Monteiro, C., Ng, S. W., Swart, E. C., & Taillie, L. 
S. (2021). Towards unified and impactful policies 
to reduce ultra-processed food consumption and 
promote healthier eating. The Lancet Diabetes & 
Endocrinology, 9(7), 462–470. 

212 Corporate Europe Observatory. (2018, November 
26). Plastic pressure: Industry turns up the heat to 
avoid plastics regulation spurred by public demand. 

213 Slater, S., Lawrence, M., Wood, B., Serodio, P., & 
Baker, P. (2024). Corporate interest groups and their 
implications for global food governance: mapping 
and analysing the global corporate influence network 
of the transnational ultra-processed food industry. 
Globalization and Health, 20(1), 16.

214 Beyond Plastics. (2024). Demystifying compostable 
and biodegradable plastics. 

215 Directorate-General for Environment. (2022, 
November 30). Communication – EU policy framework 
on biobased, biodegradable and compostable plastics. 
European Commission.

216 Beyond Plastics. (2024). Demystifying compostable 
and biodegradable plastics.

217 European Bioplastics. (2015). EN 13432 certified 
bioplastics performance in industrial composting. 

218 Döhler, N., Wellenreuther, C., & Wolf, A. (2022). 
Market dynamics of biodegradable bio-based plastics: 
Projections and linkages to European policies. EFB 
Bioeconomy Journal, 2, 100028.

219 CIEL (2019). Plastic and Climate: The hidden costs of 
a plastic planet. 

220 Beyond Plastics. (2024). Demystifying compostable 
and biodegradable plastics.

221 Zimmermann, L., Dombrowski, A., Völker, C., & 
Wagner, M. (2020). Are bioplastics and plant-based 
materials safer than conventional plastics? In vitro 
toxicity and chemical composition. Environment 
International, 145, 106066.

222 Phelps, D. W., Parkinson, L. V., Boucher, J. 
M., Muncke, J., & Geueke, B. (2024). Per- and 
Polyfluoroalkyl Substances in Food Packaging : 
Migration, Toxicity, and Management Strategies. 
Environmental Science & Technology, 58(13), 
5670-5684.

78  |  FUEL TO FORK ENDNOTES

https://www.sciencedirect.com/science/article/abs/pii/S0360544216303644
https://www.sciencedirect.com/science/article/abs/pii/S0360544216303644
https://www.sciencedirect.com/science/article/abs/pii/S0360544216303644
https://www.unilever.com/news/news-search/2024/how-can-business-help-power-policy-change-on-renewables/
https://www.unilever.com/news/news-search/2024/how-can-business-help-power-policy-change-on-renewables/
https://ab-inbev.eu/brewing-with-100-renewable-electricity/
https://ab-inbev.eu/brewing-with-100-renewable-electricity/
https://www.nestle.com/sustainability/climate-change/operations#:~:text=we identify opportunities.-,By 2025%2C we aim to achieve 100%25 sourced renewable electricity,in Nestl%C3%A9's Scope 2 emissions.
https://www.researchgate.net/publication/339751580_Review_of_Energy_Efficiency_Technologies_in_the_Food_Industry_Trends_Barriers_and_Opportunities
https://www.researchgate.net/publication/339751580_Review_of_Energy_Efficiency_Technologies_in_the_Food_Industry_Trends_Barriers_and_Opportunities
https://www.researchgate.net/publication/339751580_Review_of_Energy_Efficiency_Technologies_in_the_Food_Industry_Trends_Barriers_and_Opportunities
https://www.sciencedirect.com/science/article/pii/S1364032121001507#bib166
https://www.sciencedirect.com/science/article/pii/S1364032121001507#bib166
https://www.sciencedirect.com/science/article/pii/S1364032121001507#bib166
https://www.sciencedirect.com/science/article/pii/S1364032121001507#bib166
https://www.engieimpact.com/insights/electrification-consumer-packaged-goods
https://www.engieimpact.com/insights/electrification-consumer-packaged-goods
https://www.engieimpact.com/insights/electrification-consumer-packaged-goods
https://doi.org/10.1016/j.egypro.2017.07.243
https://doi.org/10.1016/j.egypro.2017.07.243
https://doi.org/10.1016/j.egypro.2017.07.243
https://doi.org/10.1016/j.egypro.2017.07.243
https://www.echolive.ie/corknews/arid-41515847.html
https://www.echolive.ie/corknews/arid-41515847.html
https://www.echolive.ie/corknews/arid-41515847.html
https://www.theguardian.com/environment/2024/sep/18/top-food-firms-urged-to-do-more-to-cut-staggering-emissions#:~:text=Three of the firms increased,%2C Mars%2C Mondel%C4%93z and Nestl%C3%A9
https://www.theguardian.com/environment/2024/sep/18/top-food-firms-urged-to-do-more-to-cut-staggering-emissions#:~:text=Three of the firms increased,%2C Mars%2C Mondel%C4%93z and Nestl%C3%A9
https://www.frontiersin.org/journals/sustainable-food-systems/articles/10.3389/fsufs.2021.789499/full
https://www.frontiersin.org/journals/sustainable-food-systems/articles/10.3389/fsufs.2021.789499/full
https://www.frontiersin.org/journals/sustainable-food-systems/articles/10.3389/fsufs.2021.789499/full
https://www.who.int/europe/publications/i/item/9789289061162
https://www.who.int/europe/publications/i/item/9789289061162
https://www.who.int/europe/publications/i/item/9789289061162
https://pmc.ncbi.nlm.nih.gov/articles/PMC8217149/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8217149/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8217149/
https://corporateeurope.org/en/power-lobbies/2018/11/plastic-pressure#:~:text=Intensive lobbying of member states,that by NGOs three%2Dfold
https://corporateeurope.org/en/power-lobbies/2018/11/plastic-pressure#:~:text=Intensive lobbying of member states,that by NGOs three%2Dfold
https://link.springer.com/article/10.1186/s12992-024-01020-4
https://link.springer.com/article/10.1186/s12992-024-01020-4
https://link.springer.com/article/10.1186/s12992-024-01020-4
https://link.springer.com/article/10.1186/s12992-024-01020-4
https://www.beyondplastics.org/publications/demystifying-bioplastics
https://www.beyondplastics.org/publications/demystifying-bioplastics
https://environment.ec.europa.eu/publications/communication-eu-policy-framework-biobased-biodegradable-and-compostable-plastics_en
https://environment.ec.europa.eu/publications/communication-eu-policy-framework-biobased-biodegradable-and-compostable-plastics_en
https://environment.ec.europa.eu/publications/communication-eu-policy-framework-biobased-biodegradable-and-compostable-plastics_en
https://environment.ec.europa.eu/publications/communication-eu-policy-framework-biobased-biodegradable-and-compostable-plastics_en
https://www.beyondplastics.org/publications/demystifying-bioplastics
https://www.beyondplastics.org/publications/demystifying-bioplastics
https://www.european-bioplastics.org/en-13432-certified-bioplastics-performance-in-industrial-composting/
https://www.european-bioplastics.org/en-13432-certified-bioplastics-performance-in-industrial-composting/
https://doi.org/10.1016/j.bioeco.2022.100028
https://doi.org/10.1016/j.bioeco.2022.100028
https://www.ciel.org/wp-content/uploads/2022/02/CIEL_2-pager_-The-Hidden-Costs-of-a-Plastic-Planet-Climate.pdf
https://www.ciel.org/wp-content/uploads/2022/02/CIEL_2-pager_-The-Hidden-Costs-of-a-Plastic-Planet-Climate.pdf
https://www.beyondplastics.org/publications/demystifying-bioplastics
https://www.beyondplastics.org/publications/demystifying-bioplastics
https://www.sciencedirect.com/science/article/pii/S0160412020320213
https://www.sciencedirect.com/science/article/pii/S0160412020320213
https://www.sciencedirect.com/science/article/pii/S0160412020320213
https://doi.org/10.1021/acs.est.3c03702
https://doi.org/10.1021/acs.est.3c03702
https://doi.org/10.1021/acs.est.3c03702


223 Beyond Plastics. (2024). Demystifying compostable 
and biodegradable plastics.

224 Goossen, C. P., & Dolan, K. (2023). Evidence of 
compost contamination with per- and polyfluoroalkyl 
substances (PFAS) from 'compostable' food 
serviceware. Biointerphases, 18(3), 030501.

225 Brizga, J., Hubacek, K., & Feng, K. (2020). The 
Unintended Side Effects of Bioplastics: Carbon, Land, 
and Water Footprints. One Earth, 3(1), 45–53. 

226 Raschka, A., Carus, M., & Piotrowski, S. (2013). 
Renewable Raw Materials and Feedstock for 
Bioplastics. Bio-Based Plastics. Wiley. 

227 ETC Group. (2010). The New Biomassters: Synthetic 
biology and the next assault on biodiversity and 
livelihoods. 

228 ETC Group. (2023). The Seaweed Delusion: Industrial 
seaweed will not cool the climate or save nature. 

229 Beyond Plastics. (2024). Demystifying compostable 
and biodegradable plastics.

230 IEA. (2023). Net Zero Roadmap: A Global Pathway to 
Keep the 1.5°C Goal in Reach. 

231 Aryanpur, V., & Rogan, F. (2024). Decarbonising road 
freight transport: The role of zero-emission trucks and 
intangible costs. Scientific Reports, 14(1), 2113. 

232 International Council on Clean Transportation 
(ICCT). (2023). Vision 2050: Strategies to Align Global 
Road Transport With Well Below 2°C.

233 Lark, T. J., Hendricks, N. P., Smith, A., Pates, N., 
Spawn-Lee, S. A., Bougie, M., Booth, E. G., Kucharik, C. 
J., & Gibbs, H. K. (2022). Environmental Outcomes of 
the US Renewable Fuel Standard. Proceedings of the 
National Academy of Sciences, 119.

234 Hodge, T., & Durland, L. J. (2025, April 8). The false 
promise of blue ammonia for shipping and beyond. 
Center for International Environmental Law. 

235 IEA. (2021). Net zero by 2050.

236 IEA. (2024). Global Hydrogen Review 2024. 

237 Basma, H., Rodríguez, F., Hildermeier, J., & Jahn, A. 
(2022). Electrifying Last-Mile Delivery. ICCT & RAP.

238 Schabas, M. (2024, June). Following the freight – 
Where to find rail intermodal growth. Oliver Wyman.

239 Torres de Miranda Pinto, J., Mistage, O., Bilotta, 
P., & Helmers, E. (2018). Road-rail intermodal freight 
transport as a strategy for climate change mitigation. 
Environmental Development, 25.

240 Xue, L., & Chen, K. (2024, September 4). Lessons 
from China’s Growing Adoption of Zero-Emission 
Trucks. World Resources Institute. 

241 Lèbre, É., Stringer, M., Svobodova, K., Owen, J. R., 
Kemp, D., Côte, C., Arratia-Solar, A., & Valenta, R. K. 
(2020). The social and environmental complexities 
of extracting energy transition metals. Nature 
Communications, 11(1), 4823. 

242 Levenda, A. M., Behrsin, I., & Disano, F. (2021). 
Renewable energy for whom? A global systematic 
review of the environmental justice implications of 
renewable energy technologies. Energy Research & 
Social Science, 71, 101837.

243 Crippa, M., Solazzo, E., Guizzardi, D., Monforti-
Ferrario, F., Tubiello, F. N., & Leip, A. (2021). Food 
systems are responsible for a third of global 
anthropogenic GHG emissions. Nature Food, 2(3), 
198–209.

244 Biofuelwatch. (2025). A global fat grab: Examining 
the push for aviation biofuels.

245 International Air Transport Association (IATA). 
(2024). Net zero 2050: Sustainable aviation fuels.

246 IEA. (2024). Global Hydrogen Review 2024.

247 CE Delft. (2012). Regulated Slow Steaming in 
Maritime Transport: An Assessment of Options, Costs 
and Benefits. Transport and Environment & Seas at 
Risk. 

248 Vakili, S., Ballini, F., Schönborn, A., Christodoulou. 
A., Dalaklis, D., Ölçer, A.I. (2023). Assessing the 
macroeconomic and social impacts of slow steaming 
in shipping: A literature review on small island 
developing states and least developed countries. 
Journal of Shipping and Trade, 8(2). 

249 Cargill. (2024, March 13). Cargill shares outcome of 
the world’s first wind-powered ocean vessel’s maiden 
voyage.

79  |  FUEL TO FORK ENDNOTES

https://www.beyondplastics.org/publications/demystifying-bioplastics
https://www.beyondplastics.org/publications/demystifying-bioplastics
https://doi.org/10.1116/6.0002746
https://doi.org/10.1116/6.0002746
https://doi.org/10.1116/6.0002746
https://doi.org/10.1116/6.0002746
https://doi.org/10.1016/j.oneear.2020.06.016
https://doi.org/10.1016/j.oneear.2020.06.016
https://doi.org/10.1016/j.oneear.2020.06.016
https://doi.org/10.1016/j.oneear.2020.06.016
https://doi.org/10.1002/9781118676646.ch13
https://doi.org/10.1002/9781118676646.ch13
https://www.etcgroup.org/content/new-biomassters
https://www.etcgroup.org/content/new-biomassters
https://www.etcgroup.org/content/new-biomassters
https://www.etcgroup.org/content/seaweed-delusion
https://www.etcgroup.org/content/seaweed-delusion
https://www.beyondplastics.org/publications/demystifying-bioplastics
https://www.beyondplastics.org/publications/demystifying-bioplastics
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach
https://doi.org/10.1038/s41598-024-52682-4
https://doi.org/10.1038/s41598-024-52682-4
https://doi.org/10.1038/s41598-024-52682-4
https://doi.org/10.1038/s41598-024-52682-4
https://theicct.org/wp-content/uploads/2023/11/ID-22-%E2%80%93-1.5-C-strategies-report-A4-65005-v8.pdf
https://theicct.org/wp-content/uploads/2023/11/ID-22-%E2%80%93-1.5-C-strategies-report-A4-65005-v8.pdf
https://doi.org/10.1073/pnas.2101084119
https://doi.org/10.1073/pnas.2101084119
https://www.ciel.org/the-false-promise-of-blue-ammonia-for-shipping-and-beyond/
https://www.ciel.org/the-false-promise-of-blue-ammonia-for-shipping-and-beyond/
https://www.iea.org/reports/net-zero-by-2050
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
https://clean-trucking.eu/wp-content/uploads/2022/06/Last-mile-delivery-with-RAP-report-A4-fv856.pdf
https://www.oliverwyman.com/our-expertise/insights/2024/jun/where-to-find-rail-intermodal-growth.html
https://www.oliverwyman.com/our-expertise/insights/2024/jun/where-to-find-rail-intermodal-growth.html
https://www.oliverwyman.com/our-expertise/insights/2024/jun/where-to-find-rail-intermodal-growth.html
https://www.sciencedirect.com/science/article/abs/pii/S2211464517300428
https://www.sciencedirect.com/science/article/abs/pii/S2211464517300428
https://www.wri.org/insights/zero-emission-trucks-adoption
https://www.wri.org/insights/zero-emission-trucks-adoption
https://www.wri.org/insights/zero-emission-trucks-adoption
https://www.wri.org/insights/zero-emission-trucks-adoption
https://doi.org/10.1038/s41467-020-18661-9
https://doi.org/10.1038/s41467-020-18661-9
https://doi.org/10.1038/s41467-020-18661-9
https://doi.org/10.1016/j.erss.2020.101837
https://doi.org/10.1016/j.erss.2020.101837
https://doi.org/10.1016/j.erss.2020.101837
https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1038/s43016-021-00225-9
https://www.biofuelwatch.org.uk/2025/fat-grab-report/
https://www.biofuelwatch.org.uk/2025/fat-grab-report/
https://www.iata.org/en/iata-repository/pressroom/fact-sheets/fact-sheet-sustainable-aviation-fuels/
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
https://ce.nl/wp-content/uploads/2021/03/CE_Delft_7442_Regulated_Slow_Steaming_Maritime_Transport_DEF_1330615818.pdf
https://ce.nl/wp-content/uploads/2021/03/CE_Delft_7442_Regulated_Slow_Steaming_Maritime_Transport_DEF_1330615818.pdf
https://ce.nl/wp-content/uploads/2021/03/CE_Delft_7442_Regulated_Slow_Steaming_Maritime_Transport_DEF_1330615818.pdf
https://ce.nl/wp-content/uploads/2021/03/CE_Delft_7442_Regulated_Slow_Steaming_Maritime_Transport_DEF_1330615818.pdf
https://doi.org/10.1186/s41072-023-00131-2
https://doi.org/10.1186/s41072-023-00131-2
https://doi.org/10.1186/s41072-023-00131-2
https://doi.org/10.1186/s41072-023-00131-2
https://www.cargill.com/2024/first-wind-powered-ocean-vessel-maiden-voyage
https://www.cargill.com/2024/first-wind-powered-ocean-vessel-maiden-voyage
https://www.cargill.com/2024/first-wind-powered-ocean-vessel-maiden-voyage


250 Singleton, T. (2024, March 13). Sail-powered cargo 
ship 'shows potential of wind'. BBC News.

251 CE Delft. (2012). Regulated Slow Steaming in 
Maritime Transport: An Assessment of Options, Costs 
and Benefits. Transport and Environment & Seas at 
Risk. 

252 IEA. (2021). Ammonia Technology Roadmap: 
Towards more sustainable nitrogen fertiliser 
production.

253 Corporate Europe Observatory. (2023, October 10). 
The dirty truth about the EU’s hydrogen push.

254 Cames, M., Wissner, N., & Sutter, J. (2021, June). 
Ammonia as a marine fuel: Risks and perspectives. 
Öko-Institute for Applied Ecology. 

255 Ibid.

256 Lark, T. J., Hendricks, N. P., Smith, A., Pates, N., 
Spawn-Lee, S. A., Bougie, M., Booth, E. G., Kucharik, C. 
J., & Gibbs, H. K. (2022). Environmental Outcomes of 
the US Renewable Fuel Standard. Proceedings of the 
National Academy of Sciences, 119.

257 Vasilakou, K., Nimmegeers, P., Thomassen, G., 
Billen, P., & Van Passel, S. (2023). Assessing the future 
of second-generation bioethanol by 2030 – A techno-
economic assessment integrating technology learning 
curves. Applied Energy, 344, 121263.

258 Baresic, D., Smith T., Raucci, K., Rehmatulla, C., 
Narula, N. & Rojon, I. (2018). LNG as a marine fuel in 
the EU: Market, bunkering infrastructure investments 
and risks in the context of GHG reductions. UMAS, 
London. 

259 Howarth, R. W. (2024). The greenhouse gas footprint 
of liquefied natural gas (LNG) exported from the 
United States. Energy Science & Engineering, 12(11), 
4843–4859.

260 NRDC. (2020). Sailing to Nowhere: Liquified natural 
gas is not an effective climate strategy. 

261 Earth Insight. (2024). Anything But Natural: LNG 
Expansion Threats to Coastal & Marine Ecosystems.

262 Stoner, O., Lewis, J., Lucio Martínez, I., Gumy, S., 
Economou, T., & Adair-Rohani, H. (2021). Household 
cooking fuel estimates at global and country level for 
1990 to 2030. Nature Communications.

263 IEA. (2023). A Vision for Clean Cooking Access for All. 

264 Stoner, O., Lewis, J., Lucio Martínez, I., Gumy, S., 
Economou, T., & Adair-Rohani, H. (2021). Household 
cooking fuel estimates at global and country level for 
1990 to 2030. Nature Communications.

265 Flammini, A., Adzmir, H., Karl, K., & Tubiello, F. N. 
(2023). Quantifying greenhouse gas emissions from 
wood fuel use by households. Earth System Science 
Data, 15(5), 2179–2187.

266 IEA. (2020). Global CO2 emissions in 2019.

267 World Health Organization. (2024). Fact sheet: 
Household air pollution.

268 Khalid, R. (2025, January). Modern energy cooking 
services: A pathway to mitigating urban heat stress. 
MECS.

269 Carducci, B., Fanzo, J., & Wolfson, J. A. (2025). 
Household cooking and eating practices across food 
system typologies in 135 countries from 2018 to 2022. 
Health Promotion International, 40(2). 

270 IRENA. (2023). Renewables-based electric cooking: 
Climate commitments and finance.

271 World Bank. (2020). The state of access to modern 
energy cooking services.

272 Kashtan, Y. S., Nicholson, M., Finnegan, C., Ouyang, 
Z., Lebel, E. D., Michanowicz, D. R., Shonkoff, S. B. C., 
& Jackson, R. B. (2023). Gas and propane combustion 
from stoves emits benzene and increases indoor air 
pollution. Environmental Science & Technology.

273 Logue, J. M., Klepeis, N. E., Lobscheid, A. B., & Singer, 
B. C. (2014). Pollutant Exposures from Natural Gas 
Cooking Burners: A Simulation-Based Assessment 
for Southern California. Environmental Health 
Perspectives 122(1): 43-50. 

274 Lin, W., Brunekreef, B., & Gehring, U. (2013). Meta-
analysis of the effects of indoor nitrogen dioxide 
and gas cooking on asthma and wheeze in children. 
International Journal of Epidemiology.

275 Leach, M. (2024, June 11). The gas to electric cooking 
transition, in the OECD. Modern Energy Cooking 
Services.

276 James, S. and Christian J. (2004). Improving energy 
efficiency within the food cold-chain. Encyclopedia of 
meat sciences.

80  |  FUEL TO FORK ENDNOTES

https://www.bbc.com/news/technology-68543677
https://www.bbc.com/news/technology-68543677
https://ce.nl/wp-content/uploads/2021/03/CE_Delft_7442_Regulated_Slow_Steaming_Maritime_Transport_DEF_1330615818.pdf
https://ce.nl/wp-content/uploads/2021/03/CE_Delft_7442_Regulated_Slow_Steaming_Maritime_Transport_DEF_1330615818.pdf
https://ce.nl/wp-content/uploads/2021/03/CE_Delft_7442_Regulated_Slow_Steaming_Maritime_Transport_DEF_1330615818.pdf
https://ce.nl/wp-content/uploads/2021/03/CE_Delft_7442_Regulated_Slow_Steaming_Maritime_Transport_DEF_1330615818.pdf
https://doi.org/10.1787/f6daa4a0-en
https://doi.org/10.1787/f6daa4a0-en
https://doi.org/10.1787/f6daa4a0-en
https://corporateeurope.org/en/dirty-truth-about-EU-hydrogen-push
https://en.nabu.de/imperia/md/content/nabude/verkehr/210622-nabu-study-ammonia-marine-fuel.pdf
https://doi.org/10.1073/pnas.2101084119
https://doi.org/10.1073/pnas.2101084119
https://doi.org/10.1016/j.apenergy.2023.121263
https://doi.org/10.1016/j.apenergy.2023.121263
https://doi.org/10.1016/j.apenergy.2023.121263
https://doi.org/10.1016/j.apenergy.2023.121263
https://doi.org/10.1016/j.apenergy.2023.121263
https://www.transportenvironment.org/uploads/files/2018_06_LNG_marine_fuel_EU_UMAS_study.pdf
https://www.transportenvironment.org/uploads/files/2018_06_LNG_marine_fuel_EU_UMAS_study.pdf
https://www.transportenvironment.org/uploads/files/2018_06_LNG_marine_fuel_EU_UMAS_study.pdf
https://doi.org/10.1002/ese3.1934
https://doi.org/10.1002/ese3.1934
https://doi.org/10.1002/ese3.1934
https://www.nrdc.org/sites/default/files/sailing-nowhere-liquefied-natural-gas-report.pdf
https://www.nrdc.org/sites/default/files/sailing-nowhere-liquefied-natural-gas-report.pdf
https://www.earth-insight.org/report/anything-but-natural-lng/
https://www.earth-insight.org/report/anything-but-natural-lng/
https://doi.org/10.1038/s41467-021-26036-x
https://doi.org/10.1038/s41467-021-26036-x
https://doi.org/10.1038/s41467-021-26036-x
https://doi.org/10.1038/s41467-021-26036-x
https://www.iea.org/reports/a-vision-for-clean-cooking-access-for-all
https://doi.org/10.1038/s41467-021-26036-x
https://doi.org/10.1038/s41467-021-26036-x
https://doi.org/10.1038/s41467-021-26036-x
https://doi.org/10.1038/s41467-021-26036-x
https://doi.org/10.5194/essd-15-2179-2023
https://doi.org/10.5194/essd-15-2179-2023
https://www.iea.org/articles/global-co2-emissions-in-2019
https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health
https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health
https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health
https://mecs.org.uk/wp-content/uploads/2025/02/MECS-to-mitigate-urban-heat-stress-Policy-brief-R-Khalid.pdf
https://mecs.org.uk/wp-content/uploads/2025/02/MECS-to-mitigate-urban-heat-stress-Policy-brief-R-Khalid.pdf
https://doi.org/10.1093/heapro/daaf029
https://doi.org/10.1093/heapro/daaf029
https://www.irena.org/Publications/2023/Dec/Renewables-based-electric-cooking-Climate-commitments-and-finance
https://www.irena.org/Publications/2023/Dec/Renewables-based-electric-cooking-Climate-commitments-and-finance
https://www.irena.org/Publications/2023/Dec/Renewables-based-electric-cooking-Climate-commitments-and-finance
https://documents1.worldbank.org/curated/en/937141600195758792/pdf/The-State-of-Access-to-Modern-Energy-Cooking-Services.pdf
https://documents1.worldbank.org/curated/en/937141600195758792/pdf/The-State-of-Access-to-Modern-Energy-Cooking-Services.pdf
https://documents1.worldbank.org/curated/en/937141600195758792/pdf/The-State-of-Access-to-Modern-Energy-Cooking-Services.pdf
https://doi.org/10.1021/acs.est.2c09289
https://doi.org/10.1021/acs.est.2c09289
https://doi.org/10.1021/acs.est.2c09289
https://doi.org/10.1021/acs.est.2c09289
https://www.osti.gov/servlets/purl/1163745
https://www.osti.gov/servlets/purl/1163745
https://www.osti.gov/servlets/purl/1163745
https://doi.org/10.1093/ije/dyt150
https://doi.org/10.1093/ije/dyt150
https://doi.org/10.1093/ije/dyt150
https://doi.org/10.1093/ije/dyt150
https://mecs.org.uk/blog/the-gas-to-electric-cooking-transition-in-the-oecd/
https://mecs.org.uk/blog/the-gas-to-electric-cooking-transition-in-the-oecd/
https://mecs.org.uk/blog/the-gas-to-electric-cooking-transition-in-the-oecd/
https://www.researchgate.net/publication/266597639_Improving_energy_efficiency_within_the_food_cold-chain
https://www.researchgate.net/publication/266597639_Improving_energy_efficiency_within_the_food_cold-chain


277 Crippa, M., Solazzo, E., Guizzardi, D., Monforti-
Ferrario, F., Tubiello, F. N., & Leip, A. (2021). Food 
systems are responsible for a third of global 
anthropogenic GHG emissions. Nature Food, 2(3), 
198–209.

278 James, S., & James, C. (2004). Improving energy 
efficiency within the food cold-chain. Encyclopedia of 
Meat Sciences.

279 Friedman-Heiman, A., & Miller, S. A. (2024). The 
impact of refrigeration on food losses and associated 
greenhouse gas emissions throughout the supply 
chain. Environmental Research Letters, 19(6), 064038.

280 International Institute of Refrigeration. (2021). The 
carbon footprint of the cold chain.

281 Dwyer, O. (2024, June 5). Better refrigeration could 
avoid almost 2bn tonnes of CO2 per year from food 
loss. Carbon Brief.

282 Ibid.

283 World Bank. (2018). Agriculture in Africa: Telling 
myths from facts.

284 UNEP & FAO. (2022). Sustainable food cold chains: 
Opportunities, challenges and the way forward.

285 Clean Cooking Alliance. (2023). Clean Cooking as a 
Catalyst for Sustainable Food Systems.

286 Kashtan, Y., Nicholson, M., Finnegan, C. J., Ouyang, 
Z., Garg, A., Lebel, E. D., Rowland, S. T., Michanowicz, 
D. R., Herrera, J., Nadeau, K. C., & Jackson, R. B. (2024). 
Nitrogen dioxide exposure, health outcomes, and 
associated demographic disparities due to gas and 
propane combustion by U.S. stoves. Science Advances, 
10(18).

287 U.S. Department of Energy. (2023, May 11). Making 
the switch to induction stoves or cooktops.

288 Solar Cookers International. (2023). Nationally 
Determined Contributions with emphasis on solar 
cooking.

289 IRENA & FAO. (2021). Renewable energy and agri-
food systems: Advancing energy and food security 
towards sustainable development goals.

290 International Institute of Refrigeration. (2021).  
The carbon footprint of the cold chain.

291 National Renewable Energy Laboratory. (2009). 
Grocery store 50% energy savings technical support 
document.

292 Sovacool, B. K., Bazilian, M., Griffiths, S., Kim, J., 
Foley, A., & Rooney, D. (2021). Decarbonizing the food 
and beverages industry: A critical and systematic 
review of developments, sociotechnical systems and 
policy options. Renewable and Sustainable Energy 
Reviews, 143, 110856.

293 Reuters. (2024, December 13). Local unions group 
seeks ouster of Kroger CEO after $7.5 bln buyback 
plan.

294 Floess, E., Grieshop, A., Puzzolo, E., Pope, D., Leach, 
N., Smith, C. J., Gill-Wiehl, A., Landesman, K., & Bailis, R. 
(2023). Scaling up gas and electric cooking in low- and 
middle-income countries: Climate threat or mitigation 
strategy with co-benefits?. Environmental Research 
Letters, 18(3), 034010.

295 WHO. (2023). Achieving universal access and net-
zero emissions by 2050: A global roadmap for just and 
inclusive clean cooking transition.

296 IRENA & FAO. (2021). Renewable energy and agri-
food systems: Advancing energy and food security 
towards sustainable development goals.

297 UNHCR. (2022). Geneva Technical Hub Case Studies: 
Solar-electric cooking.

298 IRENA. (2023). Renewables-based electric cooking: 
Climate commitments and finance.

299 See for example: Spotlight Kampala. (2025). 
Advancing Electric Cooking Transitions in Informal 
Settlements: Lessons from Kampala.

300Washington State Office of Financial Management. 
(2022). Highlights of Gov. Inslee’s proposed 2022 
budget.

301 Washington State Building Code Council. (2023). 
Washington State Energy Code: Progress toward 2030.

302 WHO. (2023). Achieving universal access and net-
zero emissions by 2050: A global roadmap for just and 
inclusive clean cooking transition.

303 Noor, D. (2025, February 24). US fossil fuel industry 
campaigns to kill policies that ban gas in new buildings. 
The Guardian.

81  |  FUEL TO FORK ENDNOTES

https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1038/s43016-021-00225-9
https://www.researchgate.net/publication/266597639_Improving_energy_efficiency_within_the_food_cold-chain
https://www.researchgate.net/publication/266597639_Improving_energy_efficiency_within_the_food_cold-chain
https://www.researchgate.net/publication/266597639_Improving_energy_efficiency_within_the_food_cold-chain
https://doi.org/10.1088/1748-9326/ad4c7b
https://doi.org/10.1088/1748-9326/ad4c7b
https://doi.org/10.1088/1748-9326/ad4c7b
https://doi.org/10.1088/1748-9326/ad4c7b
https://doi.org/10.18462/iir.INfood07.04.2021
https://doi.org/10.18462/iir.INfood07.04.2021
https://doi.org/10.18462/iir.INfood07.04.2021
https://www.carbonbrief.org/better-refrigeration-could-avoid-almost-2bn-tonnes-of-co2-per-year-from-food-loss/
https://www.carbonbrief.org/better-refrigeration-could-avoid-almost-2bn-tonnes-of-co2-per-year-from-food-loss/
https://www.carbonbrief.org/better-refrigeration-could-avoid-almost-2bn-tonnes-of-co2-per-year-from-food-loss/
https://hdl.handle.net/10986/28543
https://hdl.handle.net/10986/28543
https://hdl.handle.net/10986/28543
https://doi.org/10.4060/cc0923en
https://doi.org/10.4060/cc0923en
https://doi.org/10.4060/cc0923en
https://cleancooking.org/wp-content/uploads/2023/11/CCA_Clean-Cooking-as-a-Catalyst-for-Sustainable-Food-Systems.pdf
https://cleancooking.org/wp-content/uploads/2023/11/CCA_Clean-Cooking-as-a-Catalyst-for-Sustainable-Food-Systems.pdf
https://doi.org/10.1126/sciadv.adm8680
https://doi.org/10.1126/sciadv.adm8680
https://doi.org/10.1126/sciadv.adm8680
https://www.energy.gov/articles/making-switch-induction-stoves-or-cooktops
https://www.energy.gov/articles/making-switch-induction-stoves-or-cooktops
https://www.energy.gov/articles/making-switch-induction-stoves-or-cooktops
https://www.solarcookers.org/application/files/8017/2736/1636/2023_NDC_Report.pdf
https://www.solarcookers.org/application/files/8017/2736/1636/2023_NDC_Report.pdf
https://www.solarcookers.org/application/files/8017/2736/1636/2023_NDC_Report.pdf
https://doi.org/10.4060/cb7433en
https://doi.org/10.4060/cb7433en
https://doi.org/10.4060/cb7433en
https://doi.org/10.4060/cb7433en
https://doi.org/10.18462/iir.INfood07.04.2021
https://doi.org/10.18462/iir.INfood07.04.2021
https://www.nrel.gov/docs/fy09osti/46101.pdf
https://www.nrel.gov/docs/fy09osti/46101.pdf
https://www.nrel.gov/docs/fy09osti/46101.pdf
https://www.sciencedirect.com/science/article/pii/S1364032121001507#bib166
https://www.sciencedirect.com/science/article/pii/S1364032121001507#bib166
https://www.sciencedirect.com/science/article/pii/S1364032121001507#bib166
https://www.sciencedirect.com/science/article/pii/S1364032121001507#bib166
https://www.reuters.com/business/retail-consumer/local-unions-call-krogers-board-replace-ceo-after-75-billion-buyback-plan-2024-12-13/
https://www.reuters.com/business/retail-consumer/local-unions-call-krogers-board-replace-ceo-after-75-billion-buyback-plan-2024-12-13/
https://www.reuters.com/business/retail-consumer/local-unions-call-krogers-board-replace-ceo-after-75-billion-buyback-plan-2024-12-13/
https://doi.org/10.1088/1748-9326/acb501
https://doi.org/10.1088/1748-9326/acb501
https://doi.org/10.1088/1748-9326/acb501
https://www.who.int/publications/m/item/achieving-universal-access-by-2030-and-net-zero-emissions-by-2050-a-global-roadmap-for-just-and-inclusive-clean-cooking-transition
https://www.who.int/publications/m/item/achieving-universal-access-by-2030-and-net-zero-emissions-by-2050-a-global-roadmap-for-just-and-inclusive-clean-cooking-transition
https://www.who.int/publications/m/item/achieving-universal-access-by-2030-and-net-zero-emissions-by-2050-a-global-roadmap-for-just-and-inclusive-clean-cooking-transition
https://www.who.int/publications/m/item/achieving-universal-access-by-2030-and-net-zero-emissions-by-2050-a-global-roadmap-for-just-and-inclusive-clean-cooking-transition
https://doi.org/10.4060/cb7433en
https://doi.org/10.4060/cb7433en
https://doi.org/10.4060/cb7433en
https://doi.org/10.4060/cb7433en
https://reliefweb.int/report/world/geneva-technical-hub-case-studies-solar-electric-cooking-status-august-2022
https://reliefweb.int/report/world/geneva-technical-hub-case-studies-solar-electric-cooking-status-august-2022
https://www.irena.org/Publications/2023/Dec/Renewables-based-electric-cooking-Climate-commitments-and-finance
https://www.irena.org/Publications/2023/Dec/Renewables-based-electric-cooking-Climate-commitments-and-finance
https://www.irena.org/Publications/2023/Dec/Renewables-based-electric-cooking-Climate-commitments-and-finance
https://spotlightkampala.com/sites/default/files/reports-file/Advancing Electric Cooking Transitions in Informal Settlements - Final.pdf
https://spotlightkampala.com/sites/default/files/reports-file/Advancing Electric Cooking Transitions in Informal Settlements - Final.pdf
https://ofm.wa.gov/budget/state-budgets/gov-inslees-proposed-2022-supplemental-budgets/highlights-gov-inslees-proposed-2022-budget
https://ofm.wa.gov/budget/state-budgets/gov-inslees-proposed-2022-supplemental-budgets/highlights-gov-inslees-proposed-2022-budget
https://ofm.wa.gov/budget/state-budgets/gov-inslees-proposed-2022-supplemental-budgets/highlights-gov-inslees-proposed-2022-budget
https://sbcc.wa.gov/sites/default/files/2023-03/Draft 2021 Report_2_Feb2023.pdf
https://sbcc.wa.gov/sites/default/files/2023-03/Draft 2021 Report_2_Feb2023.pdf
https://www.who.int/publications/m/item/achieving-universal-access-by-2030-and-net-zero-emissions-by-2050-a-global-roadmap-for-just-and-inclusive-clean-cooking-transition
https://www.who.int/publications/m/item/achieving-universal-access-by-2030-and-net-zero-emissions-by-2050-a-global-roadmap-for-just-and-inclusive-clean-cooking-transition
https://www.who.int/publications/m/item/achieving-universal-access-by-2030-and-net-zero-emissions-by-2050-a-global-roadmap-for-just-and-inclusive-clean-cooking-transition
https://www.who.int/publications/m/item/achieving-universal-access-by-2030-and-net-zero-emissions-by-2050-a-global-roadmap-for-just-and-inclusive-clean-cooking-transition
https://www.theguardian.com/us-news/2025/feb/24/gas-new-homes-construction
https://www.theguardian.com/us-news/2025/feb/24/gas-new-homes-construction


304 A Matter of Degrees. (2021, August 9). The devious 
plan to keep us hooked on gas [Audio podcast 
episode]. 

305 Clean Cooking Alliance. (2021, October 20). Clean 
Cooking Alliance launches energy compact to unlock 
the SDGs and net-zero.

306 IRENA. (2023). Renewables-based electric cooking: 
Climate commitments and finance.

307 Reyes-García, V., Villasante, S., Benessaiah, K., 
Pandit, R., Agrawal, A., Claudet, J., Garibaldi, L. A., 
Kabisa, M., Pereira, L., & Zinngrebe, Y. (2025). The costs 
of subsidies and externalities of economic activities 
driving nature decline. AMBIO. 

308 Goswami, O. and Perry Stillerman, K. (2024). 
Cultivating Control: Corporate Lobbying on the Food 
and Farm Bill. Union of Concerned Scientists.

309 World Health Organization. (2024). Commercial 
determinants of noncommunicable diseases in the 
WHO European Region.

310 Cater, L., & Cokelaere, H. (2024, December 1). UN 
plastic treaty talks end without a deal. Politico.

311 CIEL. (2024, November 27). Fossil Fuel Lobbyists 
Flood Final Scheduled Round of Global Plastics Treaty 
Negotiations.

312 Noor, D. (2024, November 15). Over 1,700 coal, 
oil and gas lobbyists granted access to Cop29, says 
report. The Guardian.

313 Lakhani, N. (2023, December 5). Record number of 
fossil fuel lobbyists get access to COP28 climate talks. 
The Guardian. 

314 Sherrington, R. (2024, November 18). Meat, dairy 
and pesticide lobbyists return in high numbers to 
climate summit. DeSmog.

315 Sherrington, R., Carlile, C., & Healy, H. (2023, 
December 9). Big meat and dairy lobbyists turn out in 
record numbers at Cop28. The Guardian.

316 de los Casares, V. (2023, December 18). COP28 & the 
future of fossil fuels: A historic agreement and hopes 
ahead. Sciences Po.

317 International Energy Agency. (2021). Net zero by 
2050.

318 IEA. (2024). Batteries and Secure Energy Transitions.

319 Al-Shetwi, A. Q. (2022). Sustainable development of 
renewable energy integrated power sector : Trends, 
environmental impacts, and recent challenges. The 
Science Of The Total Environment, 822, 153645.

320 Sánchez León, J. G. (2025, May 2). Spain–Portugal 
blackouts: What actually happened, and what can 
Iberia and Europe learn from it? The Conversation.

321 IEA. (2024). Renewables 2023: Analysis and forecast 
to 2028.

322 Ember. (2025). Global Electricity Review 2025.

323 Ibid.

324 Ibid.

325 Lèbre, É., Stringer, M., Svobodova, K., Owen, J. R., 
Kemp, D., Côte, C., Arratia-Solar, A., & Valenta, R. K. 
(2020). The social and environmental complexities 
of extracting energy transition metals. Nature 
Communications, 11(1), 4823.

326 Levenda, A. M., Behrsin, I., & Disano, F. (2021). 
Renewable energy for whom? A global systematic 
review of the environmental justice implications of 
renewable energy technologies. Energy Research & 
Social Science, 71, 101837.

327 The Lancet Regional Health – Europe. (2024). COP29: 
incremental but insufficient progress on climate 
finance. 

328 IEA. (2024). Renewables 2023: Analysis and forecast 
to 2028.

329 UNCTAD. (n.d.). The costs of achieving the SDGs: 
Energy transition. Accessed September 18, 2024.

330 Milman, O., & Lakhani, N. (2024, July 24). Revealed: 
Wealthy western countries lead in global oil and gas 
expansion. The Guardian.

331 Noor, D. (2025, February 19). Outrage as Trump 
cites ‘emergency’ to fast-track fossil fuel projects. The 
Guardian.

332 Laan, T., Geddes, A., Jones, N., Bois von Kursk, O., 
Kuehne, K., Gerbase, L., O'Manique, C., Sharma, D., & 
Stockman, L. (2023). Fanning the Flames: G20 provides 
record financial support for fossil fuels. International 
Institute for Sustainable Development.

82  |  FUEL TO FORK ENDNOTES

https://www.degreespod.com/episodes/episode-15
https://www.degreespod.com/episodes/episode-15
https://cleancooking.org/news/clean-cooking-alliance-launches-energy-compact-to-unlock-the-sdgs-and-net-zero/
https://cleancooking.org/news/clean-cooking-alliance-launches-energy-compact-to-unlock-the-sdgs-and-net-zero/
https://cleancooking.org/news/clean-cooking-alliance-launches-energy-compact-to-unlock-the-sdgs-and-net-zero/
https://www.irena.org/Publications/2023/Dec/Renewables-based-electric-cooking-Climate-commitments-and-finance
https://www.irena.org/Publications/2023/Dec/Renewables-based-electric-cooking-Climate-commitments-and-finance
https://www.irena.org/Publications/2023/Dec/Renewables-based-electric-cooking-Climate-commitments-and-finance
https://doi.org/10.1007/s13280-025-02147-3
https://doi.org/10.1007/s13280-025-02147-3
https://doi.org/10.1007/s13280-025-02147-3
https://doi.org/10.47923/2024.15464
https://doi.org/10.47923/2024.15464
https://www.who.int/europe/publications/i/item/9789289061162
https://www.who.int/europe/publications/i/item/9789289061162
https://www.who.int/europe/publications/i/item/9789289061162
https://www.politico.eu/article/un-plastic-treaty-talks-end-without-a-deal/
https://www.politico.eu/article/un-plastic-treaty-talks-end-without-a-deal/
https://www.ciel.org/news/inc-5-lobbyist-analysis/
https://www.ciel.org/news/inc-5-lobbyist-analysis/
https://www.ciel.org/news/inc-5-lobbyist-analysis/
https://www.theguardian.com/environment/2024/nov/15/coal-oil-and-gas-lobbyists-granted-access-to-cop29-says-report
https://www.theguardian.com/environment/2024/nov/15/coal-oil-and-gas-lobbyists-granted-access-to-cop29-says-report
https://www.theguardian.com/environment/2024/nov/15/coal-oil-and-gas-lobbyists-granted-access-to-cop29-says-report
https://www.theguardian.com/environment/2023/dec/05/record-number-of-fossil-fuel-lobbyists-get-access-to-cop28-climate-talks
https://www.theguardian.com/environment/2023/dec/05/record-number-of-fossil-fuel-lobbyists-get-access-to-cop28-climate-talks
https://www.desmog.com/2024/11/18/big-ag-delegates-cop-29-azerbaijan-baku/
https://www.desmog.com/2024/11/18/big-ag-delegates-cop-29-azerbaijan-baku/
https://www.desmog.com/2024/11/18/big-ag-delegates-cop-29-azerbaijan-baku/
https://www.theguardian.com/environment/2023/dec/09/big-meat-dairy-lobbyists-turn-out-record-numbers-cop28
https://www.theguardian.com/environment/2023/dec/09/big-meat-dairy-lobbyists-turn-out-record-numbers-cop28
https://www.sciencespo.fr/psia/chair-sustainable-development/2023/12/18/cop28-the-future-of-fossil-fuels-a-historic-agreement-and-hopes-ahead/
https://www.sciencespo.fr/psia/chair-sustainable-development/2023/12/18/cop28-the-future-of-fossil-fuels-a-historic-agreement-and-hopes-ahead/
https://www.sciencespo.fr/psia/chair-sustainable-development/2023/12/18/cop28-the-future-of-fossil-fuels-a-historic-agreement-and-hopes-ahead/
https://www.iea.org/reports/net-zero-by-2050
https://www.iea.org/reports/net-zero-by-2050
https://www.iea.org/reports/net-zero-by-2050
https://www.iea.org/reports/batteries-and-secure-energy-transitions
https://doi.org/10.1016/j.scitotenv.2022.153645
https://doi.org/10.1016/j.scitotenv.2022.153645
https://doi.org/10.1016/j.scitotenv.2022.153645
https://theconversation.com/spain-portugal-blackouts-what-actually-happened-and-what-can-iberia-and-europe-learn-from-it-255666
https://theconversation.com/spain-portugal-blackouts-what-actually-happened-and-what-can-iberia-and-europe-learn-from-it-255666
https://theconversation.com/spain-portugal-blackouts-what-actually-happened-and-what-can-iberia-and-europe-learn-from-it-255666
https://iea.blob.core.windows.net/assets/96d66a8b-d502-476b-ba94-54ffda84cf72/Renewables_2023.pdf
https://iea.blob.core.windows.net/assets/96d66a8b-d502-476b-ba94-54ffda84cf72/Renewables_2023.pdf
https://ember-energy.org/latest-insights/global-electricity-review-2025/
https://doi.org/10.1038/s41467-020-18661-9
https://doi.org/10.1038/s41467-020-18661-9
https://doi.org/10.1016/j.erss.2020.101837
https://doi.org/10.1016/j.erss.2020.101837
https://doi.org/10.1016/j.erss.2020.101837
https://doi.org/10.1016/j.lanepe.2024.101169
https://doi.org/10.1016/j.lanepe.2024.101169
https://doi.org/10.1016/j.lanepe.2024.101169
https://iea.blob.core.windows.net/assets/96d66a8b-d502-476b-ba94-54ffda84cf72/Renewables_2023.pdf
https://iea.blob.core.windows.net/assets/96d66a8b-d502-476b-ba94-54ffda84cf72/Renewables_2023.pdf
https://unctad.org/sdg-costing/energy-transition
https://unctad.org/sdg-costing/energy-transition
https://unctad.org/sdg-costing/energy-transition
https://www.theguardian.com/environment/article/2024/jul/24/new-oil-gas-emission-data-us-uk
https://www.theguardian.com/environment/article/2024/jul/24/new-oil-gas-emission-data-us-uk
https://www.theguardian.com/environment/article/2024/jul/24/new-oil-gas-emission-data-us-uk
https://www.theguardian.com/us-news/2025/feb/19/trump-fossil-fuel-climate
https://www.theguardian.com/us-news/2025/feb/19/trump-fossil-fuel-climate
https://www.iisd.org/publications/report/fanning-flames-g20-support-of-fossil-fuels
https://www.iisd.org/publications/report/fanning-flames-g20-support-of-fossil-fuels


333 Climate Action Tracker. (n.d.). India. Retrieved May 
21, 2025.

334 Ibid.

335 Climate Action Tracker. (n.d.). China. Retrieved May 
21, 2025.

336 Ibid.

337 IEA. (2021). Net zero by 2050.

338 SEI, Climate Analytics, E3G, IISD, and UNEP. (2023). 
The Production Gap: Phasing down or phasing up? 
Top fossil fuel producers plan even more extraction 
despite climate promises.

339 IISD. (2022). Navigating energy transitions: Mapping 
the road to 1.5°C.

340 Roe, S., Streck, C., Obersteiner, M., Frank, S., 
Griscom, B., Drouet, L., Fricko, O., Gusti, M., Harris, 
N., Hasegawa, T., Hausfather, Z., Havlík, P., House, 
J., Nabuurs, G.-J., Popp, A., Sanz Sánchez, M. J., 
Sanderman, J., Smith, P., Stehfest, E., & Lawrence, 
D. (2019). Contribution of the Land Sector to a 1.5°C 
World. Nature Climate Change. 

341 Einarsson, R. (2024). Nitrogen in the food system. 
TABLE Explainer. TABLE, University of Oxford, Swedish 
University of Agricultural Sciences, and Wageningen 
University and Research.

342 MacLaren, C., Mead, A., van Balen, D., Claessens, 
L., Etana, A., de Haan, J., Haagsma, W., et al. (2022). 
Long-Term Evidence for Ecological Intensification 
as a Pathway to Sustainable Agriculture. Nature 
Sustainability. 5, 770–779.

343 Dittmer, K. M., Rose, S., Snapp, S. S., Kebede, 
Y., Brickman, S., Shelton, S., Egler, C., Stier, M., & 
Wollenberg, E. (2023). Agroecology can promote 
climate change adaptation outcomes without 
compromising yield in smallholder systems. 
Environmental Management., 72(2), 333–342.

344 Zhao, J., Chen, J., Beillouin, D., Lambers, H., Yang, 
Y., Smith, P., Zeng, Z., Olesen, J. E., & Zang, H. (2022). 
Global Systematic Review with Meta-Analysis Reveals 
Yield Advantage of Legume-Based Rotations and Its 
Drivers. Nature Communications. 13, Article 3998.

345 Duddigan, S., Shaw, L. J., Sizmur, T., Gogu, D., 
Hussain, Z., Jirra, K., Kaliki, H., Sanka, R., Sohail, M., 
Soma, R., Thallam, V., Vattikuti, H., & Collins, C. D. 
(2023). Natural farming improves crop yield in SE India 
when compared to conventional or organic systems 
by enhancing soil quality. Agronomy for Sustainable 
Development, 43(2), 31.

346 Marten, G. (n.d.). Escaping the pesticide trap: 
Natural management for agricultural pests (Andhra 
Pradesh, India). EcoTipping Points.

347 Douglas, M. R., Sponsler, D. B., Lonsdorf, E. V., 
Grozinger, C. M., Johnson, R. M., & Biddinger, D. J. 
(2021). IPM reduces insecticide applications by 95% 
while maintaining or enhancing crop yields through 
wild pollinator conservation. Proceedings of the 
National Academy of Sciences, 118(44), e2108429118.

348 Pretty, J., & Bharucha, Z. P. (2015). Integrated 
pest management for sustainable intensification of 
agriculture in Asia and Africa. Insects, 6(1), 152–182.

349 Deguine, JP., Aubertot, JN., Flor, R.J. et al. (2021). 
Integrated pest management: good intentions, hard 
realities. A review. Agron. Sustain. Dev. 41, 38. 

350 Duddigan, S. et al. (2023). Natural farming improves 
crop yield in SE India when compared to conventional 
or organic systems by enhancing soil quality. 
Agronomy for sustainable development, 43(2), 31. 

351 Bezner Kerr, R. B. et al. (2021). Can agroecology 
improve food security and nutrition? A review. Global 
Food Security, 29, 100540.

352 Deaconu, A. et al. (2021). Agroecology and 
nutritional health: A comparison of agroecological 
farmers and their neighbors in the Ecuadorian 
highlands. Food Policy, 101, 102034.

353 Bezner Kerr, R. et al. (2022). Human and social 
values in agroecology: A review. Elementa: Science of 
the Anthropocene, 10(1), 00090. 

354 Einarsson, R. (2024). Nitrogen in the food system. 
TABLE Explainer. TABLE, University of Oxford, Swedish 
University of Agricultural Sciences, and Wageningen 
University and Research. 

83  |  FUEL TO FORK ENDNOTES

https://climateactiontracker.org/countries/india/
https://climateactiontracker.org/countries/china/
https://www.iea.org/reports/net-zero-by-2050
https://productiongap.org/wp-content/uploads/2023/11/PGR2023_web_rev.pdf
https://productiongap.org/wp-content/uploads/2023/11/PGR2023_web_rev.pdf
https://productiongap.org/wp-content/uploads/2023/11/PGR2023_web_rev.pdf
https://www.iisd.org/publications/report/navigating-energy-transitions
https://www.iisd.org/publications/report/navigating-energy-transitions
https://www.nature.com/articles/s41558-019-0591-9
https://www.nature.com/articles/s41558-019-0591-9
https://doi.org/10.1038/s41558-019-0591-9
https://doi.org/10.56661/2fa45626
https://doi.org/10.56661/2fa45626
https://doi.org/10.1038/s41893-022-00911-x
https://doi.org/10.1038/s41893-022-00911-x
https://doi.org/10.1007/s00267-023-01816-x
https://doi.org/10.1007/s00267-023-01816-x
https://doi.org/10.1007/s00267-023-01816-x
https://doi.org/10.1007/s00267-023-01816-x
https://doi.org/10.1038/s41467-022-32464-0
https://doi.org/10.1038/s41467-022-32464-0
https://doi.org/10.1038/s41467-022-32464-0
https://pmc.ncbi.nlm.nih.gov/articles/PMC10035491/#Sec19
https://pmc.ncbi.nlm.nih.gov/articles/PMC10035491/#Sec19
https://pmc.ncbi.nlm.nih.gov/articles/PMC10035491/#Sec19
https://ecotippingpoints.com/our-stories/indepth/india-pest-management-nonpesticide-neem/
https://ecotippingpoints.com/our-stories/indepth/india-pest-management-nonpesticide-neem/
https://ecotippingpoints.com/our-stories/indepth/india-pest-management-nonpesticide-neem/
https://pubmed.ncbi.nlm.nih.gov/34697238/
https://pubmed.ncbi.nlm.nih.gov/34697238/
https://pubmed.ncbi.nlm.nih.gov/34697238/
https://www.mdpi.com/2075-4450/6/1/152
https://www.mdpi.com/2075-4450/6/1/152
https://www.mdpi.com/2075-4450/6/1/152
https://doi.org/10.1007/s13593-021-00689-w
https://doi.org/10.1007/s13593-021-00689-w
https://doi.org/10.1007/s13593-023-00884-x
https://doi.org/10.1007/s13593-023-00884-x
https://doi.org/10.1007/s13593-023-00884-x
https://www.sciencedirect.com/science/article/pii/S221191242100050X?casa_token=q0_CCFwpv_MAAAAA:AwnxfIilu3cy5Py_wdCMpknEFzi3RzimMgmbANk5-cxPfNP74gUNRpgcGln0l2B6gCAkpeUHYw
https://www.sciencedirect.com/science/article/pii/S221191242100050X?casa_token=q0_CCFwpv_MAAAAA:AwnxfIilu3cy5Py_wdCMpknEFzi3RzimMgmbANk5-cxPfNP74gUNRpgcGln0l2B6gCAkpeUHYw
https://www.sciencedirect.com/science/article/pii/S0306919221000129
https://www.sciencedirect.com/science/article/pii/S0306919221000129
https://www.sciencedirect.com/science/article/pii/S0306919221000129
https://www.sciencedirect.com/science/article/pii/S0306919221000129
https://doi.org/10.1525/elementa.2021.00090
https://doi.org/10.1525/elementa.2021.00090
https://doi.org/10.56661/2fa45626
https://doi.org/10.56661/2fa45626


355 Kesse-Guyot, E., Allès, B., Brunin, J., Fouillet, H., 
Dussiot, A., Berthy, F., Perraud, E., Hercberg, S., Julia, C., 
Mariotti, F., Deschasaux-Tanguy, M., Srour, B., Lairon, 
D., Pointereau, P., Baudry, J., & Touvier, M. (2022). 
Environmental impacts along the value chain from 
the consumption of ultra-processed foods. Nature 
Sustainability, 6(2), 192-202.

356 Tilman, D., & Clark, M. (2014). Global diets link 
environmental sustainability and human health. 
Nature, 515(7528), 518-522.

357 Einarsson, R. (2024). Nitrogen in the food system. 
TABLE Explainer. TABLE, University of Oxford, Swedish 
University of Agricultural Sciences, and Wageningen 
University and Research.

358 Biovision. (2025). Cuba's agroecological revolution.

359 Oxfam. (2021). Scaling sustainable agriculture: 
multiplying the Farmer-to-Farmer Agroecology 
movement in Cuba.

360 Biovision. (2025). Cuba's agroecological revolution.

361  La Via Campesina. (2016). Agroecology in Cuba: for 
the farmer, seeing is believing.

362 Oxfam. (2021). Scaling sustainable agriculture: 
multiplying the Farmer-to-Farmer Agroecology 
movement in Cuba.

363 La Via Campesina. (2016). Agroecology in Cuba: for 
the farmer, seeing is believing.

364 Friends of the Earth International. (2019). Change 
the food system through Agroecology in Cuba

365 Oxfam. (2021). Scaling sustainable agriculture: 
multiplying the Farmer-to-Farmer Agroecology 
movement in Cuba.

366 See APCNF website. 

367 GIST. (2023). Natural Farming Through a Wide-
Angle Lens: True Cost Accounting Study of Community 
Managed Natural Farming in Andhra Pradesh, India. 
GIST Impact, p.5.

368 Thallam, V. K., & Patel, R. (2025). Andhra Pradesh 
community managed natural farming – a conversation. 
The Journal Of Peasant Studies, 1-16. 

369 See for instance University of Birmingham. (2025, 
March 13). New MoU signed to support natural 
farming research and scaling in India - University 
of Birmingham.; Hans India. (2024, August 27). Six-
member team of RySS leaves for Zambia.; The New 
Indian Express. (2024, December 5). Andhra emerges 
as an inspiring example of natural farming.

370 IPES-Food. (2018). Breaking away from industrial 
food and farming systems

371 Delclaux J. (2024). Transition agroécologique 
dans la vallée de la Drôme, le regard du monde de 
la recherche sur 50 ans de trajectoire. Association 
Biovallée.

372 Fondation Carasso. BioVallée : Système alimentaire 
innovant en Val de Drôme.

373 FNAB. (2019). Biovallée.

374 Crater. (2023). Indicateur Agriculture Biologique 
pour le territoire PAT de la Communauté de 
communes du Val de Drôme en Biovallée. Accessed 
May 5th, 2025.

375 Open Technology Labs, discussed in ‘Fuel to Fork’ 
podcast, episode 4. 

376   Suarez, A., & Ume, C. (2024). Transforming food 
systems in the Global South : a radical approach. 
Frontiers In Sustainable Food Systems, 8.

377 See for instance IPES-Food. (2020). Money Flows: 
What is holding back investment in agroecological 
research for Africa?

378 Mouratiadou, I., Wezel, A., Kamilia, K., Marchetti, 
A., Paracchini, M. L., & Bàrberi, P. (2024). The socio-
economic performance of agroecology. A review. 
Agronomy For Sustainable Development, 44(2).

379 Kerr, R. B., Liebert, J., Kansanga, M., & Kpienbaareh, 
D. (2022). Human and social values in agroecology. 
Elementa Science Of The Anthropocene, 10(1).

380 He, T., Yang, R., Xiao, W., Ye, Y., Hu, Y., Chen, Y., Sun, 
Z., Wang, K., Chen, W., & Zhang, M. (2024). Trading 
food for energy? Global evidence of solar projects 
undermining food security.

381 Welle, E. (2025, January 17). Would you put a wind 
turbine on your farm? Ambrook Research.

84  |  FUEL TO FORK ENDNOTES

https://doi.org/10.1038/s41893-022-01013-4
https://doi.org/10.1038/s41893-022-01013-4
https://doi.org/10.1038/nature13959
https://doi.org/10.1038/nature13959
https://doi.org/10.56661/2fa45626
https://doi.org/10.56661/2fa45626
https://www.biovision.ch/story/cubas-agroecological-revolution/
https://policy-practice.oxfam.org/resources/scaling-sustainable-agriculture-multiplying-the-farmer-to-farmer-agroecology-mo-621118/
https://policy-practice.oxfam.org/resources/scaling-sustainable-agriculture-multiplying-the-farmer-to-farmer-agroecology-mo-621118/
https://policy-practice.oxfam.org/resources/scaling-sustainable-agriculture-multiplying-the-farmer-to-farmer-agroecology-mo-621118/
https://www.biovision.ch/story/cubas-agroecological-revolution/
http://www.fao.org/3/a-bl991e.pdf
http://www.fao.org/3/a-bl991e.pdf
https://policy-practice.oxfam.org/resources/scaling-sustainable-agriculture-multiplying-the-farmer-to-farmer-agroecology-mo-621118/
https://policy-practice.oxfam.org/resources/scaling-sustainable-agriculture-multiplying-the-farmer-to-farmer-agroecology-mo-621118/
https://policy-practice.oxfam.org/resources/scaling-sustainable-agriculture-multiplying-the-farmer-to-farmer-agroecology-mo-621118/
http://www.fao.org/3/a-bl991e.pdf
http://www.fao.org/3/a-bl991e.pdf
https://www.foei.org/implementing-system-change-through-agroecology-the-cuban-experience/
https://www.foei.org/implementing-system-change-through-agroecology-the-cuban-experience/
https://policy-practice.oxfam.org/resources/scaling-sustainable-agriculture-multiplying-the-farmer-to-farmer-agroecology-mo-621118/
https://policy-practice.oxfam.org/resources/scaling-sustainable-agriculture-multiplying-the-farmer-to-farmer-agroecology-mo-621118/
https://policy-practice.oxfam.org/resources/scaling-sustainable-agriculture-multiplying-the-farmer-to-farmer-agroecology-mo-621118/
https://apcnf.in
https://apcnf.in/wp-content/uploads/2023/10/apcnf-tca-study_2023-1.pdf
https://apcnf.in/wp-content/uploads/2023/10/apcnf-tca-study_2023-1.pdf
https://apcnf.in/wp-content/uploads/2023/10/apcnf-tca-study_2023-1.pdf
https://doi.org/10.1080/03066150.2024.2445650
https://doi.org/10.1080/03066150.2024.2445650
https://www.birmingham.ac.uk/news/2025/new-mou-signed-to-support-natural-farming-research-and-scaling-in-india
https://www.birmingham.ac.uk/news/2025/new-mou-signed-to-support-natural-farming-research-and-scaling-in-india
https://www.birmingham.ac.uk/news/2025/new-mou-signed-to-support-natural-farming-research-and-scaling-in-india
https://www.thehansindia.com/andhra-pradesh/six-member-team-of-ryss-leaves-for-zambia-902545
https://www.thehansindia.com/andhra-pradesh/six-member-team-of-ryss-leaves-for-zambia-902545
https://www.newindianexpress.com/states/andhra-pradesh/2024/Dec/05/andhra-emerges-as-an-inspiring-example-of-natural-farming
https://www.newindianexpress.com/states/andhra-pradesh/2024/Dec/05/andhra-emerges-as-an-inspiring-example-of-natural-farming
https://www.ipes-food.org/_img/upload/files/CS2_web.pdf
https://www.ipes-food.org/_img/upload/files/CS2_web.pdf
https://hal.science/hal-04603950v2/file/%5BBiovall%C3%A9e_synth%C3%A8se_JD%5D Transition agro%C3%A9cologique-V2.pdf
https://hal.science/hal-04603950v2/file/%5BBiovall%C3%A9e_synth%C3%A8se_JD%5D Transition agro%C3%A9cologique-V2.pdf
https://hal.science/hal-04603950v2/file/%5BBiovall%C3%A9e_synth%C3%A8se_JD%5D Transition agro%C3%A9cologique-V2.pdf
https://www.fondationcarasso.org/les-projets/systeme-alimentaire-innovant-en-val-de-drome/
https://www.fondationcarasso.org/les-projets/systeme-alimentaire-innovant-en-val-de-drome/
https://biovallee.net/wp-content/uploads/2019/04/FNAB.pdf
https://crater.resiliencealimentaire.org/diagnostic/pat-de-la-communaute-de-communes-du-val-de-drome-en-biovallee/indicateurs/bio
https://crater.resiliencealimentaire.org/diagnostic/pat-de-la-communaute-de-communes-du-val-de-drome-en-biovallee/indicateurs/bio
https://crater.resiliencealimentaire.org/diagnostic/pat-de-la-communaute-de-communes-du-val-de-drome-en-biovallee/indicateurs/bio
http://www.fueltofork.com
http://www.fueltofork.com
https://doi.org/10.3389/fsufs.2024.1397100
https://doi.org/10.3389/fsufs.2024.1397100
https://ipes-food.org/report/money-flows/
https://ipes-food.org/report/money-flows/
https://ipes-food.org/report/money-flows/
https://doi.org/10.1007/s13593-024-00945-9
https://doi.org/10.1007/s13593-024-00945-9
https://doi.org/10.1525/elementa.2021.00090
https://doi.org/10.21203/rs.3.rs-4387232/v1
https://doi.org/10.21203/rs.3.rs-4387232/v1
https://doi.org/10.21203/rs.3.rs-4387232/v1
https://ambrook.com/research/farm-finance/there-will-be-wind
https://ambrook.com/research/farm-finance/there-will-be-wind


382 Rahman, M. M., Khan, I., Field, D. L., Techato, K., 
& Alameh, K. (2022). Powering agriculture: Present 
status, future potential, and challenges of renewable 
energy applications. Renewable Energy, 188, 731–749.

383 Kampherbeek, E. W., Webb, L. E., Reynolds, B. J., 
Sistla, S. A., Horney, M. R., Ripoll-Bosch, R., Dubowsky, 
J. P., & McFarlane, Z. D. (2022). A preliminary 
investigation of the effect of solar panels and rotation 
frequency on the grazing behavior of sheep (Ovis aries) 
grazing dormant pasture. Applied Animal Behaviour 
Science, 246, 105799.

384 Widmer, J., Christ, B., Grenz, J., & Norgrove, L. (2024). 
Agrivoltaics, a promising new tool for electricity and 
food production: A systematic review. Renewable and 
Sustainable Energy Reviews, 192, 114277. 

385 Wagner, M., Lask, J., Kiesel, A., Lewandowski, I., 
Weselek, A., Högy, P., Trommsdorff, M., Schnaiker, 
M.-A., & Bauerle, A. (2023). Agrivoltaics: The 
environmental impacts of combining food crop 
cultivation and solar energy generation. Agronomy, 
13(2), 299.

386 Agostini, A., Colauzzi, M., & Amaducci, S. (2021). 
Innovative agrivoltaic systems to produce sustainable 
energy: An economic and environmental assessment. 
Applied Energy, 281, 116102.

387 Silan, J. G., Xu, S., & Apanada, M. J. (2024). Dual 
harvest: Agrivoltaics boost food and energy production 
in Asia. World Resources Institute.

388 Dohlman, E., Maguire, K., Davis, W. V., Husby, M., 
Bovay, J., Weber, C., & Lee, Y. (2024). Trends, insights, 
and future prospects for production in controlled 
environment agriculture and agrivoltaics systems. 
U.S. Department of Agriculture, Economic Research 
Service.

389 European Commission. (2023, November 10). 
Commission approves €1.7 billion Italian State aid 
scheme under the Recovery and Resilience Facility to 
support agrivoltaic installations.

390 Rahman, M. M., Khan, I., Field, D. L., Techato, K., 
& Alameh, K. (2022). Powering agriculture: Present 
status, future potential, and challenges of renewable 
energy applications. Renewable Energy, 188, 731–749.

391 Welle, E. (2025, January 17). Would you put a wind 
turbine on your farm? Ambrook Research.

392 Malet, N., Pellerin, S., Girault, R., & Nesme, T. 
(2023). Does anaerobic digestion really help to reduce 
greenhouse gas emissions? A nuanced case study 
based on 30 cogeneration plants in France. Journal of 
Cleaner Production, 384, 135578.

393 Feedback. (2020). Green Gas Without the Hot Air: 
Defining the true role of biogas in a net zero future.

394 Nisbet, E. (2025). Biogas Subsidies and the Increase 
in Consolidation on Industrial Hog Operations. 41 Ga. 
St. U. L. Rev. 763

395 Waterman, C. & Armus, M. (2024). Biogas or 
Bull****? The Deceptive Promise of Manure Biogas as 
a Methane Solution. Friends of the Earth.

396 DiFelice, M., & Ruane, K. (2023, April 12). We can’t 
let this gas greenwash factory farms. Food & Water 
Watch.

397 Tagne, R. F. T., Dong, X., Anagho, S. G., Kaiser, 
S., & Ulgiati, S. (2021). Technologies, challenges 
and perspectives of biogas production within an 
agricultural context. The case of China and Africa. 
Environment Development And Sustainability, 23(10), 
14799-14826.

398 SITRA. (2022, November 7). Communal refrigerated 
buildings powered by the sun.

399 Amjad, W., Munir, A., Akram, F., Parmar, A., 
Precoppe, M., Asghar, F., & Mahmood, F. (2023). 
Decentralized solar-powered cooling systems for fresh 
fruit and vegetables to reduce post-harvest losses 
in developing regions: a review. Clean Energy, 7(3), 
635–653.

400 Masterson, V. (2022, September 20). Using the 
sun to keep agricultural produce cool? How Ghana’s 
farmers are benefiting from solar-powered cold 
storage. World Economic Forum.

401 Cadloff, E. B. (2022, May 25). Yes, the Government 
Really Does Stash Billions of Pounds of Cheese in 
Missouri Caves. Modern Farmer.

402 Ali, Z., Yadav, A., Stobdan, T., & Singh, S. B. (2012). 
Traditional methods for storage of vegetables in 
cold arid region of Ladakh, India. Indian Journal of 
Traditional Knowledge, 11(2), 351–353. 
 

85  |  FUEL TO FORK ENDNOTES

https://www.sciencedirect.com/science/article/abs/pii/S0960148122002075
https://www.sciencedirect.com/science/article/abs/pii/S0960148122002075
https://www.sciencedirect.com/science/article/abs/pii/S0960148122002075
https://www.sciencedirect.com/science/article/pii/S0168159122002593
https://www.sciencedirect.com/science/article/pii/S0168159122002593
https://www.sciencedirect.com/science/article/pii/S0168159122002593
https://www.sciencedirect.com/science/article/pii/S0168159122002593
https://www.sciencedirect.com/science/article/pii/S0168159122002593
https://www.sciencedirect.com/science/article/pii/S1364032123011358
https://www.sciencedirect.com/science/article/pii/S1364032123011358
https://www.sciencedirect.com/science/article/pii/S1364032123011358
https://www.mdpi.com/2073-4395/13/2/299#B21-agronomy-13-00299
https://www.mdpi.com/2073-4395/13/2/299#B21-agronomy-13-00299
https://www.mdpi.com/2073-4395/13/2/299#B21-agronomy-13-00299
https://www.mdpi.com/2073-4395/13/2/299#B21-agronomy-13-00299
https://www.sciencedirect.com/science/article/abs/pii/S0306261920315245
https://www.sciencedirect.com/science/article/abs/pii/S0306261920315245
https://www.sciencedirect.com/science/article/abs/pii/S0306261920315245
https://www.wri.org/insights/agrivoltaics-energy-food-production-asia
https://www.wri.org/insights/agrivoltaics-energy-food-production-asia
https://www.wri.org/insights/agrivoltaics-energy-food-production-asia
https://doi.org/10.32747/2024.8254671.ers
https://doi.org/10.32747/2024.8254671.ers
https://doi.org/10.32747/2024.8254671.ers
https://ec.europa.eu/commission/presscorner/detail/en/ip_23_5451
https://ec.europa.eu/commission/presscorner/detail/en/ip_23_5451
https://ec.europa.eu/commission/presscorner/detail/en/ip_23_5451
https://www.sciencedirect.com/science/article/abs/pii/S0960148122002075
https://www.sciencedirect.com/science/article/abs/pii/S0960148122002075
https://www.sciencedirect.com/science/article/abs/pii/S0960148122002075
https://ambrook.com/research/farm-finance/there-will-be-wind
https://ambrook.com/research/farm-finance/there-will-be-wind
https://www.sciencedirect.com/science/article/abs/pii/S0959652622051526
https://www.sciencedirect.com/science/article/abs/pii/S0959652622051526
https://www.sciencedirect.com/science/article/abs/pii/S0959652622051526
https://feedbackglobal.org/campaigns/indigestible/
https://feedbackglobal.org/campaigns/indigestible/
https://readingroom.law.gsu.edu/gsulr/vol41/iss3/13/
https://readingroom.law.gsu.edu/gsulr/vol41/iss3/13/
https://foe.org/wp-content/uploads/2024/03/Factory-Farm-Gas-Brief_final-0312.pdf
https://foe.org/wp-content/uploads/2024/03/Factory-Farm-Gas-Brief_final-0312.pdf
https://foe.org/wp-content/uploads/2024/03/Factory-Farm-Gas-Brief_final-0312.pdf
https://www.foodandwaterwatch.org/2023/04/12/we-cant-let-this-gas-greenwash-polluting-factory-farms/
https://www.foodandwaterwatch.org/2023/04/12/we-cant-let-this-gas-greenwash-polluting-factory-farms/
https://doi.org/10.1007/s10668-021-01272-9
https://doi.org/10.1007/s10668-021-01272-9
https://doi.org/10.1007/s10668-021-01272-9
https://www.sitra.fi/en/cases/communal-refrigerated-buildings-powered-by-the-sun/
https://www.sitra.fi/en/cases/communal-refrigerated-buildings-powered-by-the-sun/
https://www.sitra.fi/en/cases/communal-refrigerated-buildings-powered-by-the-sun/
https://academic.oup.com/ce/article/7/3/635/7174941
https://academic.oup.com/ce/article/7/3/635/7174941
https://academic.oup.com/ce/article/7/3/635/7174941
https://www.weforum.org/stories/2022/09/ghana-akofresh-solar-powered-cold-storage
https://www.weforum.org/stories/2022/09/ghana-akofresh-solar-powered-cold-storage
https://www.weforum.org/stories/2022/09/ghana-akofresh-solar-powered-cold-storage
https://www.weforum.org/stories/2022/09/ghana-akofresh-solar-powered-cold-storage
https://www.weforum.org/stories/2022/09/ghana-akofresh-solar-powered-cold-storage
https://modernfarmer.com/2022/05/cheese-caves-missouri/
https://modernfarmer.com/2022/05/cheese-caves-missouri/
https://modernfarmer.com/2022/05/cheese-caves-missouri/
https://nopr.niscpr.res.in/bitstream/123456789/13869/1/IJTK 11%282%29 351-353.pdf
https://nopr.niscpr.res.in/bitstream/123456789/13869/1/IJTK 11%282%29 351-353.pdf
https://nopr.niscpr.res.in/bitstream/123456789/13869/1/IJTK 11%282%29 351-353.pdf


403 Stathers, T., Holcroft, D., Kitinoja, L., Mvumi, B. M., 
English, A., Omotilewa, O., Kocher, M., Ault, J., & Torero, 
M. (2020). A scoping review of interventions for crop 
postharvest loss reduction in sub-Saharan Africa and 
South Asia. Nature Sustainability, 3(10), 821-835. 

404 Friedman-Heiman, A., & Miller, S. A. (2024). The 
impact of refrigeration on food losses and associated 
greenhouse gas emissions throughout the supply 
chain. Environmental Research Letters, 19(6), 064038.

405 Schweitzer, J.-P., Gionfra, S., Pantzar, M., 
Mottershead, D., Watkins, E., Petsinaris, F., ten Brink, 
P., Ptak, E., Lacey, C., & Janssens, C. (2018). Unwrapped: 
How throwaway plastic is failing to solve Europe’s food 
waste problem (and what we need to do instead). 
Institute for European Environmental Policy (IEEP).

406 Wegerif, M. (2014). Exploring Sustainable Urban 
Food Provisioning : The Case of Eggs in Dar es Salaam. 
Sustainability, 6(6), 3747-3779.

407 National Farmers Union. (2021). Imagine if: A vision 
of a near-zero-emission farm and food system for 
Canada.

408 IPES-Food, 2024. Food from somewhere: building 
food security and resilience through territorial 
markets.

409 Ibid.

410 Schweitzer, J.-P., Gionfra, S., Pantzar, M., 
Mottershead, D., Watkins, E., Petsinaris, F., ten Brink, 
P., Ptak, E., Lacey, C., & Janssens, C. (2018). Unwrapped: 
How throwaway plastic is failing to solve Europe’s food 
waste problem (and what we need to do instead). 
Institute for European Environmental Policy (IEEP).

411 Ibid.

412 Beyond Plastics. (2024). Demystifying compostable 
and biodegradable plastics.

413 Srinivasan, P. (2024, June 20). How the small 
Pacific island nation of Vanuatu drastically cut plastic 
pollution. The Guardian.

414 March, A., Fletcher, S., & Evans, T. (2023, January 13). 
Single-use plastic bans: Research shows three ways to 
make them effective. The Conversation. 
 
 

415 Balan, S. A., Andrews, D. Q., Blum, A., Diamond, M. 
L., Fernández, S. R., Harriman, E., ... & Kwiatkowski, C. 
F. (2023). Optimizing chemicals management in the 
United States and Canada through the essential-use 
approach. Environmental Science & Technology, 57(4), 
1568-1575.

416 Beyond Plastics. (2024). Demystifying compostable 
and biodegradable plastics.

417 Rethink Plastic. (2021). Realising Reuse: The 
potential for scaling up reusable packaging, and policy 
recommendations.

418 Sheldon, R. A., & Norton, M. (2020). Green chemistry 
and the plastic pollution challenge : towards a circular 
economy. Green Chemistry, 22(19), 6310-6322. 

419 Leip, A., Wollgast, J., Kugelberg, S., Costa Leite, J., 
Maas, R. J. M., Mason, K. E., & Sutton, M. A. (2023). 
Appetite for Change: Food System Options for 
Nitrogen, Environment & Health. 2nd European 
Nitrogen Assessment Special Report on Nitrogen & 
Food. UK Centre for Ecology & Hydrology.

420 WWF. (2020). Bending the curve: the restorative 
power of planet-based diets. 

421 Zhu, J., Luo, Z., Sun, T., Li, W., Zhou, W., Wang, X., Fe, 
X., Tong, H., & Yin, K. (2023). Cradle-to-grave emissions 
from food loss and waste represent half of total 
greenhouse gas emissions from food systems. Nature 
Food.

422 Eshel, G., Flamholz, A. I., Shepon, A. A., & Milo, R. 
(2025). US grass-fed beef is as carbon intensive as 
industrial beef and ≈10-fold more intensive than 
common protein-dense alternatives. Proceedings of 
the National Academy of Sciences, 122(12).

423 De Vries, M., Van Middelaar, C., & De Boer, I. (2015). 
Comparing environmental impacts of beef production 
systems: A review of life cycle assessments. Livestock 
Science, 178, 279–288.

424 Lynch, J. (2019). Availability of disaggregated 
greenhouse gas emissions from beef cattle production 
: A systematic review. Environmental Impact 
Assessment Review, 76, 69-78. 

425 FAO, IFAD, UNICEF, WFP, & WHO. (2023). The state 
of food security and nutrition in the world 2023. 
 

86  |  FUEL TO FORK ENDNOTES

https://doi.org/10.1038/s41893-020-00622-1
https://doi.org/10.1038/s41893-020-00622-1
https://doi.org/10.1038/s41893-020-00622-1
https://doi.org/10.1088/1748-9326/ad4c7b
https://doi.org/10.1088/1748-9326/ad4c7b
https://doi.org/10.1088/1748-9326/ad4c7b
https://doi.org/10.1088/1748-9326/ad4c7b
https://zerowasteeurope.eu/wp-content/uploads/2018/04/Unwrapped_How-throwaway-plastic-is-failing-to-solve-Europes-food-waste-problem_and-what-we-need-to-do-instead_FoEE-ZWE-April-2018_final.pdf
https://zerowasteeurope.eu/wp-content/uploads/2018/04/Unwrapped_How-throwaway-plastic-is-failing-to-solve-Europes-food-waste-problem_and-what-we-need-to-do-instead_FoEE-ZWE-April-2018_final.pdf
https://zerowasteeurope.eu/wp-content/uploads/2018/04/Unwrapped_How-throwaway-plastic-is-failing-to-solve-Europes-food-waste-problem_and-what-we-need-to-do-instead_FoEE-ZWE-April-2018_final.pdf
https://doi.org/10.3390/su6063747
https://doi.org/10.3390/su6063747
https://nfu.ca/publications/imagine-if-a-vision-of-a-near-zero-emission-farm/
https://nfu.ca/publications/imagine-if-a-vision-of-a-near-zero-emission-farm/
https://nfu.ca/publications/imagine-if-a-vision-of-a-near-zero-emission-farm/
https://nfu.ca/publications/imagine-if-a-vision-of-a-near-zero-emission-farm/
https://ipes-food.org/wp-content/uploads/2024/06/FoodFromSomewhere.pdf
https://ipes-food.org/wp-content/uploads/2024/06/FoodFromSomewhere.pdf
https://ipes-food.org/wp-content/uploads/2024/06/FoodFromSomewhere.pdf
https://zerowasteeurope.eu/wp-content/uploads/2018/04/Unwrapped_How-throwaway-plastic-is-failing-to-solve-Europes-food-waste-problem_and-what-we-need-to-do-instead_FoEE-ZWE-April-2018_final.pdf
https://zerowasteeurope.eu/wp-content/uploads/2018/04/Unwrapped_How-throwaway-plastic-is-failing-to-solve-Europes-food-waste-problem_and-what-we-need-to-do-instead_FoEE-ZWE-April-2018_final.pdf
https://zerowasteeurope.eu/wp-content/uploads/2018/04/Unwrapped_How-throwaway-plastic-is-failing-to-solve-Europes-food-waste-problem_and-what-we-need-to-do-instead_FoEE-ZWE-April-2018_final.pdf
https://www.beyondplastics.org/publications/demystifying-bioplastics
https://www.beyondplastics.org/publications/demystifying-bioplastics
https://www.theguardian.com/environment/article/2024/jun/20/how-the-small-pacific-island-nation-of-vanuatu-drastically-cut-plastic-pollution
https://www.theguardian.com/environment/article/2024/jun/20/how-the-small-pacific-island-nation-of-vanuatu-drastically-cut-plastic-pollution
https://www.theguardian.com/environment/article/2024/jun/20/how-the-small-pacific-island-nation-of-vanuatu-drastically-cut-plastic-pollution
https://theconversation.com/single-use-plastic-bans-research-shows-three-ways-to-make-them-effective-197449
https://theconversation.com/single-use-plastic-bans-research-shows-three-ways-to-make-them-effective-197449
https://pubs.acs.org/doi/abs/10.1021/acs.est.2c05932
https://pubs.acs.org/doi/abs/10.1021/acs.est.2c05932
https://pubs.acs.org/doi/abs/10.1021/acs.est.2c05932
https://www.beyondplastics.org/publications/demystifying-bioplastics
https://www.beyondplastics.org/publications/demystifying-bioplastics
https://rethinkplasticalliance.eu/wp-content/uploads/2021/07/Realising-Reuse-Final-report-July-2021.pdf
https://rethinkplasticalliance.eu/wp-content/uploads/2021/07/Realising-Reuse-Final-report-July-2021.pdf
https://rethinkplasticalliance.eu/wp-content/uploads/2021/07/Realising-Reuse-Final-report-July-2021.pdf
https://doi.org/10.1039/d0gc02630a
https://doi.org/10.1039/d0gc02630a
https://doi.org/10.1039/d0gc02630a
https://doi.org/10.5281/ZENODO.10406450
https://doi.org/10.5281/ZENODO.10406450
https://doi.org/10.5281/ZENODO.10406450
https://doi.org/10.5281/ZENODO.10406450
https://files.worldwildlife.org/wwfcmsprod/files/Publication/file/7b5iok5vqz_Bending_the_Curve__The_Restorative_Power_of_Planet_Based_Diets_FULL_REPORT_FINAL.pdf.pdf
https://files.worldwildlife.org/wwfcmsprod/files/Publication/file/7b5iok5vqz_Bending_the_Curve__The_Restorative_Power_of_Planet_Based_Diets_FULL_REPORT_FINAL.pdf.pdf
https://doi.org/10.1038/s43016-023-00710-3
https://doi.org/10.1038/s43016-023-00710-3
https://doi.org/10.1038/s43016-023-00710-3
https://doi.org/10.1038/s43016-023-00710-3
https://doi.org/10.1073/pnas.2404329122
https://doi.org/10.1073/pnas.2404329122
https://doi.org/10.1073/pnas.2404329122
https://doi.org/10.1016/j.livsci.2015.06.020
https://doi.org/10.1016/j.livsci.2015.06.020
https://doi.org/10.1016/j.eiar.2019.02.003
https://doi.org/10.1016/j.eiar.2019.02.003
https://doi.org/10.1016/j.eiar.2019.02.003
https://openknowledge.fao.org/items/445c9d27-b396-4126-96c9-50b335364d01
https://openknowledge.fao.org/items/445c9d27-b396-4126-96c9-50b335364d01


426 Wolfson, J. A., Martinez-Steele, E., Tucker, A. C., & 
Leung, C. W. (2024). Greater Frequency of Cooking 
Dinner at Home and More Time Spent Cooking Are 
Inversely Associated With Ultra-Processed Food 
Consumption Among US Adults. Journal Of The 
Academy Of Nutrition And Dietetics, 124(12), 1590-
1605.e1.

427 Carducci, B., Fanzo, J., & Wolfson, J. A. (2025). 
Household cooking and eating practices across food 
system typologies in 135 countries from 2018 to 2022. 
Health Promotion International, 40(2). 

428 Dillman Carpentier, F. R., Taillie, L. S., & Correa, T. 
(2023, August 8). Chile's comprehensive food policy 
offers global lessons in tackling unhealthy foods. 
Health Policy Watch.

429 Guinovart Martín, L. (2024, July 25). 71% of US 
packaged foods are high in sugar, salt, saturated fat or 
calories! GoCoCo.

430 Ravandi, B., Mehler, P., Ispirova, G., Barabási, A., 
& Menichetti, G. (2022). GroceryDB: Prevalence of 
processed food in grocery stores. medRxiv (Cold 
Spring Harbor Laboratory). 

431 Fusaro, D. (2025, January 21). 11 food companies 
targeted in ultraprocessed lawsuit. Food Processing.

432 Nowell, C. (2024, May 21). Latin America labels ultra-
processed foods. Will the US follow?. The Guardian.

433 Ibid.

434 Monteiro, C.A., Cannon, G., Lawrence, M., Costa 
Louzada, M.L. and Pereira Machado, P. (2019). Ultra-
processed foods, diet quality, and health using the 
NOVA classification system. Rome, FAO.

435 Ortega-Guzmán, A., Parra-Soto, S., Vega-Salas, 
M. J., Rodríguez-Osiac, L., & López-Arana, S. (2025). 
Assessing the Alignment of Chilean Food-Based 
Dietary Guidelines on Cancer Prevention : A Content 
Analysis. Healthcare, 13(10), 1133.

436 Unar-Munguía, M., Cervantes-Armenta, M. A., 
Rodríguez-Ramírez, S., Arenas, A. B., Gaxiola, A. C. F., & 
Rivera, J. A. (2024). Mexican national dietary guidelines 
promote less costly and environmentally sustainable 
diets. Nature Food, 5(8), 703-713. 

437 Global Food Research Program UNC. (2020). Sugary 
drink taxes around the world.

438 Penczu, A. (2024, October 10). Latin America Is 
Leading the Charge Against Ultra-Processed Food. 
Novara Media.

439 Popkin, B. et al. (2021). Towards unified and 
impactful policies to reduce ultra-processed food 
consumption and promote healthier eating. The 
lancet. Diabetes & endocrinology, 9(7), 462–470. 

440 Carolina Torres Bastidas, A. (2024, August 13). 
Advertising, children and the protection of rights: can 
they go together?. Dejusticia.

441 Ibid.

442 Corvalán, C., Reyes, M., Garmendia, M. L., & Uauy, R. 
(2013). Structural responses to the obesity and non-
communicable diseases epidemic: the Chilean Law of 
Food Labeling and Advertising. Obesity reviews, 14, 
79-87.

443 CNN. (2025, March 29). ‘Farewell, junk food!’: Mexico 
bans sale of salty and sweet treats in schools to fight 
child obesity.

444 FAO, PAHO & UNICEF. (2023). Front-of-pack 
nutrition labelling in Latin America and the Caribbean 
– Guidance note. 

445 RegAsk. (2023, January 5). Uruguay Prohibits the 
Sale of Foods Labeled with Excess Fats and Sugars in 
Schools

446 Taillie, L. S., Bercholz, M., Popkin, B., Rebolledo, 
N., Reyes, M., & Corvalán, C. (2024). Decreases in 
purchases of energy, sodium, sugar, and saturated 
fat 3 years after implementation of the Chilean food 
labeling and marketing law: An interrupted time series 
analysis. PLoS medicine, 21(9), e1004463. 

447 Contreras-Manzano, A. et al. (2024). Self-reported 
decreases in the purchases of selected unhealthy 
foods resulting from the implementation of warning 
labels in Mexican youth and adult population. 
International Journal of Behavioral Nutrition and 
Physical Activity, 21(1), 64. 
 

87  |  FUEL TO FORK ENDNOTES

https://doi.org/10.1016/j.jand.2024.03.005
https://doi.org/10.1016/j.jand.2024.03.005
https://doi.org/10.1016/j.jand.2024.03.005
https://doi.org/10.1016/j.jand.2024.03.005
https://doi.org/10.1093/heapro/daaf029
https://doi.org/10.1093/heapro/daaf029
https://healthpolicy-watch.news/chiles-comprehensive-food-policy/
https://healthpolicy-watch.news/chiles-comprehensive-food-policy/
https://www.gococo.app/post/applying-chilean-warning-labels-to-us-packaged-food-products
https://www.gococo.app/post/applying-chilean-warning-labels-to-us-packaged-food-products
https://www.gococo.app/post/applying-chilean-warning-labels-to-us-packaged-food-products
https://doi.org/10.1101/2022.04.23.22274217
https://doi.org/10.1101/2022.04.23.22274217
https://www.foodprocessing.com/business-of-food-beverage/legal-issues/article/55262421/11-food-companies-targeted-in-ultraprocessed-lawsuit
https://www.foodprocessing.com/business-of-food-beverage/legal-issues/article/55262421/11-food-companies-targeted-in-ultraprocessed-lawsuit
https://www.theguardian.com/environment/article/2024/may/21/latin-america-food-labels-processed-foods
https://www.theguardian.com/environment/article/2024/may/21/latin-america-food-labels-processed-foods
https://openknowledge.fao.org/server/api/core/bitstreams/5277b379-0acb-4d97-a6a3-602774104629/content
https://openknowledge.fao.org/server/api/core/bitstreams/5277b379-0acb-4d97-a6a3-602774104629/content
https://openknowledge.fao.org/server/api/core/bitstreams/5277b379-0acb-4d97-a6a3-602774104629/content
https://doi.org/10.3390/healthcare13101133
https://doi.org/10.3390/healthcare13101133
https://doi.org/10.3390/healthcare13101133
https://doi.org/10.1038/s43016-024-01027-5
https://doi.org/10.1038/s43016-024-01027-5
https://doi.org/10.1038/s43016-024-01027-5
https://globalfoodresearchprogram.org/wp-content/uploads/2020/08/SugaryDrink_tax_maps_2020_August_REV.pdf
https://globalfoodresearchprogram.org/wp-content/uploads/2020/08/SugaryDrink_tax_maps_2020_August_REV.pdf
https://novaramedia.com/2024/10/14/latin-america-is-leading-the-charge-against-ultra-processed-food/
https://novaramedia.com/2024/10/14/latin-america-is-leading-the-charge-against-ultra-processed-food/
https://doi.org/10.1016/S2213-8587(21)00078-4
https://doi.org/10.1016/S2213-8587(21)00078-4
https://doi.org/10.1016/S2213-8587(21)00078-4
https://www.dejusticia.org/en/advertising-children-and-the-protection-of-rights-can-they-go-together/
https://www.dejusticia.org/en/advertising-children-and-the-protection-of-rights-can-they-go-together/
https://onlinelibrary.wiley.com/doi/full/10.1111/obr.12099
https://onlinelibrary.wiley.com/doi/full/10.1111/obr.12099
https://onlinelibrary.wiley.com/doi/full/10.1111/obr.12099
https://edition.cnn.com/2025/03/29/americas/mexico-bans-junk-food-schools-intl-hnk/index.html
https://edition.cnn.com/2025/03/29/americas/mexico-bans-junk-food-schools-intl-hnk/index.html
https://edition.cnn.com/2025/03/29/americas/mexico-bans-junk-food-schools-intl-hnk/index.html
https://doi.org/10.4060/cc1545en
https://doi.org/10.4060/cc1545en
https://doi.org/10.4060/cc1545en
https://regask.com/uruguay-school-food-regulations/
https://regask.com/uruguay-school-food-regulations/
https://regask.com/uruguay-school-food-regulations/
https://doi.org/10.1371/journal.pmed.1004463
https://doi.org/10.1371/journal.pmed.1004463
https://doi.org/10.1371/journal.pmed.1004463
https://doi.org/10.1371/journal.pmed.1004463
https://doi.org/10.1371/journal.pmed.1004463
https://link.springer.com/article/10.1186/s12966-024-01609-3
https://link.springer.com/article/10.1186/s12966-024-01609-3
https://link.springer.com/article/10.1186/s12966-024-01609-3
https://link.springer.com/article/10.1186/s12966-024-01609-3


ABOUT IPES-FOOD
The International Panel of Experts on Sustainable 
Food Systems (IPES-Food) is a global think tank 
and expert group guiding action for sustainable 
food systems around the world. Bringing together 
25 groundbreaking thinkers and practitioners 
from diverse fields and world regions, we conduct 
research, provide policy recommendations, and 
advocate for sustainable, equitable, and healthy food 
systems worldwide. Rooted in science, and grounded 
in the realities of those on the front lines of hunger 
and climate crises, IPES-Food has since 2015 been a 
leading voice advancing policy solutions and bringing 
together alliances to address the most pressing 
questions for food and farming. The panel is  
co-chaired by Olivier De Schutter, UN Special 
Rapporteur on extreme poverty and human rights, 
and Lim Li Ching, Senior Researcher at  
Third World Network.

ipes-food.org 

Bluesky: @IPES-food.org

LinkedIn: IPES-Food

This publication was supported by the Rosa-Luxemburg-Stiftung. 
Its content is the sole responsibility of IPES-Food. The positions 
expressed herein do not necessarily reflect the views of the  
Rosa-Luxemburg-Stiftung.

https://ipes-food.org/
https://ipes-food.org/
https://bsky.app/profile/ipes-food.org
https://www.linkedin.com/company/ipes-food/

