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Abstract 

Meeting environmental sustainability goals while simultaneously recovering from the health 

and economic crises arising from the coronavirus pandemic requires creative policy 

solutions. Sugar taxation presents one such policy as sugar crops are arguably the least 

efficient to consume from a health perspective, but the most efficient for biofuel production. 

Here, we analyse the sustainability co-benefits of reducing sugar consumption through 

redirecting existing sugar cropland to alternative uses. Emissions could fall 20.9–54.3 

MtCO2e yr-1, if the EU were to reduce its sugar consumption in line with health guidelines 

and the excess Brazilian sugarcane redirected to ethanol. These savings would be around 

four times higher than an alternative strategy of afforesting existing EU sugar beet cropland 

and double those from producing sugar beet ethanol in the EU. Achieving this through 

policies aimed at behavioural change, with a serious role for sugar taxation, would not only 

reduce the environmental impacts of biofuels but also provide health and economic benefits. 
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Main text 

COVID-19 has presented a challenge in the sense that policies aimed at recovering from the 

pandemic in both economic1 and public health2,3 terms must be aligned with environmental 

sustainability objectives4,5. The EU’s ‘Recovery Plan for Europe’ leans towards this direction 

by trying to achieve its green priorities alongside the post-pandemic economic recovery 

through “advancing climate action and promoting environmental and biodiversity 

protection”6. Meeting these simultaneous and competing goals is an unprecedented 

challenge that requires devising creative policy instruments that can contribute to multiple 

goals without shifting problems or posing hard trade-offs. 

 One policy with the potential to simultaneously contribute to economic, 

environmental, and public-health goals is the taxation of sugar. The overconsumption of 

sugar has been linked to multiple health issues including diabetes and obesity, which have 

both been indicated as significant risk factors for severe COVID-19 outcomes7. In recent 

years, levies have been introduced on sugar-sweetened beverages in countries including the 

UK and Mexico, and early signs suggest they are successful in encouraging a reduction in 

sugar consumption8,9.  

Although sugar taxation is usually considered for delivering health and economic 

benefits10, it has recently been suggested that environmental co-benefits could be achieved 

by switching sugar consumption to (bio)ethanol production, which could reduce GHG 

emissions by displacing petroleum11. Converting this already existing cropland to ethanol 

feedstock production would limit the negative effects on sustainability usually associated 

with biofuel production, such as land-use change (LUC) and food security12,13. However, the 

level of these co-benefits has not yet been quantitatively assessed, so it remains uncertain 

whether the co-benefits would be significant enough to be worth pursuing. 

 Here, we aim to further the literatures on both climate policy and sugar taxation by 

quantitively assessing the emission reductions that could be achieved through regulating 

sugar consumption. This involves evaluating which particular strategy could maximise the 
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co-benefits. Using the EU as a case in a scenario analysis, we assess the theoretical maximum 

co-benefits to society from three scenarios of alternative use of sugar cropland that could be 

achieved by the EU reducing its sugar consumption in line with World Health Organization 

(WHO) guidelines. We then discuss the potential for the emission reductions to be realised 

through a policy of sugar taxation across the continent. 

 

The sustainability challenges of biofuels 

The complex nature of sustainability is typified by the UN’s sustainable development goals, 

which comprise 17 individual goals with 169 specific targets covering a variety of economic, 

environmental, and social issues. The connections and synergies between these goals make it 

particularly challenging to design policies that can help in some areas without exacerbating 

other problems14. Biofuels are a quintessential example of this challenge. Although biofuels 

may play a necessary role in meeting our climate change goals, they often pressure other 

targets including food security, biodiversity, and the supply of affordable and reliable energy. 

It has been estimated that globally achieving not only basic needs, such as food and 

electricity, but also qualitative goals, like improving healthy life expectancy, would require a 

resource use 2–6 times beyond the level of the planetary boundaries15. Converting sugar 

consumption to biofuel production would offer a more efficient use of resources that will 

help reduce the pressure on the key planetary boundaries of climate change, LUC, and 

biodiversity loss. 

Transitioning to renewable energy will be a fundamental part of achieving the Paris 

climate goals, but moving away from our dependency on fossil fuels while also continuing to 

supply enough net energy to main current lifestyles is not without its challenges16. Nuclear 

power has become politically unpopular since the Fukushima disaster17 and the most reliable 

renewable sources of baseload electricity, hydroelectric and geothermal, are limited by 

suitable geographical locations18. Other renewable electricity sources, particularly solar, 

wind, and tidal will therefore have to grow at rapid rates over the coming decades. However, 
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for them to completely displace fossil fuels, the additional challenge of mass electrification 

will need to be addressed. 

 Liquid biofuels have an advantage over renewable electricity sources as they can 

directly displace petroleum, particularly for transport uses where electrification will be a 

slow process. Nevertheless, several challenges need to be overcome to be fully aligned with 

all sustainable development goals19,20. Firstly, there is considerable debate around the level of 

net energy that biofuels provide to society. This is typically calculated through the concept of 

energy return on investment (EROI), which is the ratio of useful energy output to society 

over the energy input to produce it16. Corn-based ethanol, the main feedstock used for 

ethanol in the US, is likely to have a very low EROI of 1.25:1; meaning a positive but small 

net energy gain21.  

 EROI estimates for ethanol produced from sugarcane vary from 3:1 to 10:1, meaning 

much greater net energy potential even at the less optimistic end of the range19. A recent 

study found that final stage petroleum may have an EROI of around 8:1, which is much lower 

than typically suggested when viewed at the primary energy stage22. Sugarcane ethanol, 

therefore, offers a fairly competitive replacement for petroleum from a net energy 

perspective. Ethanol obtained from sugar beet likely has a lower EROI of around 3, but this 

is still higher than most estimates for corn ethanol and around the minimal level arguably 

considered necessary to be useful to society23,24. There may also be potential for reasonable 

EROIs to be achieved with organic farming, which would further decrease our reliance on 

fossil fuels25. 

Biodiversity loss, and associated harm to biosphere integrity, is one of the most 

pressing sustainability issues. The current rate of loss of genetic, species and ecosystem 

diversity is considered beyond the zone of uncertainty to cause irreparable changes to the 

Earth system26. Although biofuels may help reduce GHG emissions if they displace fossil fuel 

use, the LUC associated with them – especially in the tropics – has contributed to serious 

biodiversity loss27 and created a “biofuel carbon debt” from LUC emissions28. Ethanol 

production is likely to drive an expansion of the Brazilian sugarcane area 14–58% above 
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2018 land use, depending upon the level of future ethanol demand29. The repeal of the 

Brazilian agroecological zoning policy for sugarcane in 2019 has exposed ecosystems within 

the Amazon, Pantanal, and Upper Paraguay River basin to this sugarcane expansion, 

foretelling further biodiversity loss30. Reducing sugar demand can help limit the expansion 

of sugarcane cropland, resulting in reduced pressure on biodiversity and carbon debt from 

LUC.  

 Food security is another concern as biofuel crops must compete with food crops for 

the limited availability of arable land13. Refined sugar, however, is essentially a pure 

carbohydrate that contains no protein or essential micronutrients, which may lead to a 

dilution effect on nutrient intake31. These empty calories supplied by sugar should not be a 

priority in a global food system that already supplies sufficient calories but is deficient in 

protein and micronutrients32, especially as sugar has been associated with the simultaneous 

global pandemics of undernutrition and obesity33. Converting sugar consumption to ethanol 

production presents an opportunity that could minimise all of the sustainability issues 

typically associated with biofuels. 

 

Overview of the sugar industry 

Sugar production primarily comes from two crops: sugarcane, which grows in tropical and 

subtropical zones, and sugar beet, which grows exclusively in temperate zones. The 

combined sugar crops have accounted for a fairly consistent 24% of total global crop 

production over the past 20 years, roughly double the vegetable crop34. Sugar cane is the 

largest individual crop, accounting for 21% of total global crop production by weight. 

Nevertheless, from a land-use perspective, sugar crops are far more efficient than cereals or 

oil crops and account for only 2% of the global harvested area of primary crops. 

In 2019, sugarcane comprised 87.5% of annual sugar production at 1,950 Mt with 

sugar beet providing the remaining 278 Mt35. Figure 1 provides a summary of global sugar 
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crop production by the ten highest producing countries globally and the ten highest within 

the EU.  

 

Brazil is the largest individual producer, accounting for 34% of the total sugar crop, 

which is exclusively from sugar cane. With production of 113 Mt yr-1, the EU is the largest 

producer of sugar beet, accounting for 40.6% of the total global sugar beet crop and 5.1% of 

all sugar crops. France (33.6% of total EU production), Germany (26.3%) and Poland 

(12.2%) are the most significant producer countries in the EU. 

 Sugar crops go through a process of juice extraction, followed by purification, 

evaporation, crystallisation, and centrifugation to produce raw sugar crystals36. Figure 2 

shows production (in raw sugar equivalents) and human consumption of centrifugal (after 

processing in a centrifuge) sugar of the ten highest sugar crop producers, along with human 

consumption per capita37. It should be noted that this data does not include alternative 

sweeteners such as isoglucose (also known as high-fructose corn syrup), the consumption of 

which varies significantly across countries.  

Brazil is the largest producer of centrifugal sugar and, despite its high consumption 

per capita, exports around two-thirds of its production, particularly to Asia and the Middle 

East38. Brazil also typically uses 50–60% of its sugarcane crop for ethanol. In 2020/21 Brazil 

produced 32.2 Gl of sugarcane ethanol38
, around 26% of global ethanol production39. The 

proportion of the crop used for ethanol largely depends on the relative prices of sugar as 

Brazilian sugar-ethanol mills can switch production between ethanol and sugar.  

The EU is largely self-sufficient regarding its sugar consumption, importing around 

20% of its sugar supply, often in raw form to be processed in the EU, and exporting around 

10% of its production40. Around 10% of the sugar beet crop is used for industrial uses, 

including ethanol production. In 2020, around 2 Gl of ethanol were produced from sugar 

beet, roughly a quarter of the total production from all feedstocks41. The EU average per 

capita consumption of sugar is 37.3 kg yr-1, which is considerably higher than the global 
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average of 21.3 kg yr-1. Isoglucose is uncommon in the EU, only amounting to 3% of its total 

sweetener consumption42.  

EU sugar consumption translates to 102.1 grams per person per day. The WHO 

recommends limiting the intake of sugar to less than 10% of calories and suggests a further 

reduction to 5%, or roughly 25 grams per day, could have additional benefits43. The EU 

should therefore be aiming for a 75.5% reduction in its sugar consumption to limit the health 

impacts of sugar consumption. 

 

Environmental co-benefits of reducing EU sugar consumption 

If the EU were to reduce its sugar consumption by 75.5% to align with WHO guidelines, it 

would create an excess production of 12.54 Mt of sugar each year. Sustainability co-benefits 

could be realised from this excess production. Here, we analyse these potential co-benefits in 

terms of GHG emissions under three policy scenarios aimed at reducing human sugar 

consumption and environmental impacts of sugar production: (1) The EU afforests its excess 

sugar beet cropland, (2) The EU uses its excess sugar beet production for ethanol purposes, 

(3) the EU exports its excess sugar production, displacing Brazilian sugar exports, and 

imports an equivalent amount of sugarcane ethanol from Brazil. To simplify the analysis, we 

assume that isoglucose consumption also falls by 75.5%. However, given the low level of 

isoglucose consumption in the EU at 3% of total sweeteners, we do not quantify the 

environmental co-benefits of this reduction. 

EU afforestation scenario 

In the EU afforestation scenario, we assume that all freed-up EU cropland is afforested to 

offset GHG emissions. According to USDA data, the EU currently uses 1.50 Mha of land for 

sugar beet cultivation40. A 78% reduction in EU human sugar consumption could shrink 

EU27 sugar beet production by 87.8%, as the remainder is made up of imports. This would 

free up 1.32 Mha for other uses – the one with arguably the greatest carbon mitigation 

potential is afforestation. GHG emissions would be reduced directly from the lower lifecycle 
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emissions in the sugar industry and indirectly, in the category of Land Use, Land Use Change 

and Forestry (LULUFC), through forest carbon sequestration. Forestation of agricultural 

lands can also improve biodiversity, nutrient cycling, and water cycling44. 

EU ethanol scenario 

In the EU sugar beet ethanol scenario, we assume that the EU switches the excess sugar beet 

production of 12.54 Mt yr-1 to ethanol. The EU could expect to produce 3.26–6.52 (mean 

4.89) Mtoe of ethanol from the extra 1.32 Mha dedicated to its production. In this case, 

direct lifecycle emissions from sugar production will decrease in line with the EU 

afforestation scenario, but these will be offset by the lifecycle emissions associated with 

ethanol production. However, indirect emission reductions will also be realised through 

displaced petroleum demand and its associated lifecycle emissions. No LULUCF emission 

changes are assumed as the same quantity of cropland would still be in use. 

Brazil ethanol scenario 

In the Brazil ethanol scenario, the EU keeps its level of sugar production but exports the 

12.54 Mt excess instead of consuming it domestically. As a result of the lower global demand, 

Brazil reduces its sugar production by 12.54 Mt and instead uses this freed-up land to 

produce ethanol. In total, 1.06–1.31 (mean 1.18) Mha could be freed up – similar to the level 

in the EU ethanol scenario – which could yield 2.93–7.21 (mean 4.87) Mtoe of ethanol. This 

level of production is slightly higher than the EU ethanol scenario due to the higher yield per 

hectare of ethanol from sugarcane45. 

 Brazilian GHG emissions from sugar production will fall but, as with the EU ethanol, 

these will be offset by those associated with the increased ethanol production. There will also 

be an indirect decline in GHG lifecycle emissions from displaced petroleum. We also assume 

that the lower global demand for sugar will lessen pressure on sugar cane LUC in Brazil, 

which is expected to expand 1.2–5 Mha by 2030 and will likely result in LUC in the Amazon 

rainforest and Cerrado29. Indirect benefits may therefore be realised in terms of Brazilian 

LULUCF emissions by a 1.06–1.31 (mean 1.18) Mha reduction of LUC in Brazil. 
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The results of the analysis for the three scenarios are presented in Figure 3. The EU 

Afforestation scenario would result in a mean net reduction of 9.74 (range 4.95–15.43) 

MtCO2e yr-1, which is 0.27% (0.14–0.43%) of the EU's total 3,615 MtCO2e emissions in 

201946. Using existing EU cropland for ethanol production instead of afforestation would 

result in a higher reduction of 20.11 (range 13.87–27.00) MtCO2e yr-1, meaning this approach 

would be about twice as effective at abating emissions. This level of reduction translates to 

2.4% (range 1.7–3.2% of EU transport emissions of 838 MtCO2e in 2019 46, which would 

provide a significant contribution to the EU’s goal of a 55% reduction in net emissions by 

2030. These emission savings are particularly significant as they mostly relate to reductions 

in petroleum use, which are challenging to achieve as replacing liquid fuels with renewable 

electricity sources would require widespread electrification. 

 The scenario of Brazil producing ethanol instead of the EU was roughly twice as 

effective at reducing emissions – presenting a strategy to maximise the environmental co-

benefits. Reductions in emissions related to petroleum displacement would be 9% higher due 

to the higher yield and lower energy input of sugarcane over sugar beet. Lower LULUFC 

emissions in Brazil of 17.53 (range -8.77–28.14 MtCO2e) yr-1 would also greatly reduce the 

effectiveness of reducing emissions on a global scale. Although some of these savings would 

be indirect, total emission reductions would represent 4.3% (range 2.5–6.5%) of the EU 

transport sector.  

 The Brazil ethanol scenario would also produce greater co-benefits in other aspects of 

sustainability than the other scenarios. As sugarcane ethanol requires far less energy input 

than sugar beet, this scenario would be much more desirable from a net energy perspective. 

Assuming a mid-range EROI estimate of 5:1 for sugarcane ethanol as suggested by de Castro 

et al.21, 3.9 (range 2.3–5.8) Mtoe of net energy could be supplied to society in the Brazil 

ethanol scenario. This is approximately 20% higher than the 3.3 (range 2.2–4.3) Mtoe 

supplied in the EU ethanol scenario, assuming an EROI of 3:1 for sugar beet23. Brazilian 

sugarcane is also one of the most efficient crops for ethanol production in terms of water and 

nitrogen use as well as there being considerable potential to vastly increase yields47. 
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Although the EU afforestation strategy would provide some other environmental benefits 

such as biodiversity, preserving existing ecosystems in Brazil would provide far greater 

benefits in terms of biodiversity and ecosystem services. 

 The analysis above provides indicative values of the potential benefits that could be 

achieved. A limitation of the study is that not all possible costs, such as transition costs, have 

been taken into account. These are likely to be lower for the Brazil ethanol scenario due to 

Brazil already possessing a mature ethanol industry, and hence the ability to switch between 

ethanol and sugar production. A further limitation is that we did not calculate the emissions 

related to any increase in alternative sweeteners, such as stevia, which manufacturers and 

consumers may use as a substitute for sugar. However, this would not affect the relative 

results as it would be constant across scenarios.   

 

Effectiveness of sugar taxation 

Despite continual public health messages about the dangers of excess sugar consumption, 

EU sugar consumption per capita has remained remarkably flat since 1980, as shown in 

Figure 4. Over the same period, tobacco consumption – another public health risk – has 

fallen considerably. EU countries for which data are available show a 51.5% reduction in 

tobacco consumption from 1980 to 2014 and have been following a steady downward trend 

since 2000. Ireland has even achieved a tobacco reduction of 75.6% from its per capita peak 

in 1974, which is in line with the sugar reduction discussed in this paper. This has been 

achieved through Pigouvian taxes on consumption that correct for the negative health 

externalities generated from tobacco as well as educational and health policies aimed at 

behavioural change. This suggests a similar approach could achieve equivalent reductions in 

sugar consumption. 

 Over 45 countries have already introduced some form of a sugar tax, typically on 

sugar-sweetened beverages (SSBs), including the United Kingdom, France, Spain 

(Catalonia), and Poland48. The UK Soft Drinks Industry Levy (SDIL) introduced in April 
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2018 is one of the most studied of these, and findings suggest sugar consumption in 

beverages was reduced by 10% one year after implementation9. Moreover, the quantity of 

sugar being consumed per capita had already fallen by 30% between 2015 and 2018 in 

anticipation of the SDIL49. This change came both from producers reformulating their 

products and consumers shifting their preferences towards low- or zero-sugar alternatives. 

This suggests that reducing sugar consumption may potentially be easier to achieve than 

tobacco consumption due to greater substitutability and the incentive for food and drink 

manufacturers to focus on lower sugar alternatives. There is, therefore, a response on both 

the supply and demand sides. 

A meta-analysis of global SSB taxes found that a 10% tax on the price of an SSB 

reduced consumption by an average of 10%, suggesting a -1 price elasticity of demand50. This 

is consistent with other studies suggesting a price elasticity of -0.8 to -1.0 for all soft drinks51. 

Sugar taxes would also clearly need to be implemented across other categories of processed 

foods to achieve the full effect, such as that implemented in Norway on unprocessed sugar 

and sugar products52. The elasticity of -1 applies to a marginal change, and would be unlikely 

to remain constant across the level of reduction considered. Nonetheless, incrementally 

increasing and high taxation rates can play a role in achieving the reduction goal, combined 

with additional policies aimed at achieving widespread behavioural change such as 

information campaigns, regulation of advertising, or product labels. To illustrate, Chile 

introduced regulation in 2016 that restricts advertising, mandates warning labels, and 

prohibits sales in schools for food products high in sugar, calories, sodium, or saturated fat. 

The first phase of Chile’s implementation of the policy has already achieved a 10.2% 

reduction in sugar consumption and there is an expectation that the following two phases 

may result in greater changes53.  

In high-income countries, a similar approach for tobacco involving taxation at rates 

higher than 100% of the price before tax54, has not only been effective at reducing 

consumption, raising tax revenue, and reducing health externalities but has also received 

widespread support from the public. Somewhat surprisingly, there appears to be 
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considerable public support for and perceived effectiveness of sugar taxation. In a UK 

survey, 70% of respondents supported the SDIL and 71% expected it to be effective55, which 

is higher levels of support typically seen for conventional climate mitigation policies such as 

a carbon tax56. A sugar tax could therefore be an alternative route to emission reductions 

with greater support and fewer political obstacles. On top of this, it would provide a source of 

tax revenue that governments could invest in other green projects. 

 

Discussion 

For sustainability policies to be both efficient and effective, we must consider the full impact 

across the three – environmental, social, and economic – pillars. Changing how we use sugar 

crops presents an appealing strategy from this perspective as sugar is arguably the least 

efficient crop to consume as food from a health perspective, and the most efficient crop for 

biofuel from a net energy perspective – potentially competitive with petroleum products. 

Taxation and other regulatory policies as well as educational and health policies aimed at 

nudging producers and consumers away from sugar consumption have proved to be 

effective. Although the 75.5% target analysed in this paper would be a great challenge likely 

requiring the levels of pricing, regulation, and education implemented against tobacco use, it 

is one the EU should be aiming for purely from a health perspective. Additionally realizing 

important climate and environmental co-benefits as discussed here makes it a particularly 

attractive policy tool to support a sustainability transition. 

 Our analysis confirms that an EU-Brazil agreement with the EU focusing on sugar 

production from sugar beet and Brazil producing ethanol from sugarcane would provide the 

greatest environmental benefits to society. Sugarcane ethanol production has also proved to 

be an economically viable alternative to sugar in Brazil57. The economic impact on farmers in 

both the EU and Brazil would therefore be minimal, resulting in an equitable specialisation 

across countries that provides welfare gains through reducing negative externalities. It 

provides a clear example of how broad collaboration can help direct society in a more 
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cohesively sustainable direction. This could be achieved through market mechanisms alone 

given Brazil’s already developed ethanol industry and its ability to switch between sugar and 

ethanol depending on market conditions. Ideally, an EU-Brazil treaty could help reinforce 

this to get a stronger and more certain effect.  

Tackling climate change indirectly through linking it to health concerns that have 

widespread public and political support may present an effective complement to traditional 

instruments, which still face political hurdles. Framing climate change around public health 

has also been shown to contribute to the public support for and political feasibility of 

proposed policies58. Sugar taxation offers a concrete and practical example of how this can be 

achieved with careful policy design.   
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Methods 

All data used in the calculations are for the EU27, without the United Kingdom, except for 

the historic data presented in Figure 4. Sugar crop quantities in Figure 1 are based on 

production data by the FAO35. Figure 2 is based on centrifugal sugar production and human 

domestic consumption data from the USDA37, with per capita values calculated by using UN 

population data59. Sugar consumption per capita trends in Figure 4 are based on food supply 

quantity data by the FAO for the EU28 (including the United Kingdom)35, with per capita 

values calculated by using UN population data59. Tobacco consumption per capita trends in 

Figure 4 are presented for a weighted average by population for 16 of the EU28 countries 

that had complete data for the years 1980–2014 in the cigarette consumption dataset by 

Hoffman et al. (Austria, Belgium, Bulgaria, Denmark, France, Germany, Greece, Hungary, 

Ireland, Italy, Netherlands, Poland, Portugal, Romania, Spain, Sweden)60 . 

The three scenarios are based on modelling a reduction in EU sugar consumption to 

align with WHO recommendations of 25 g per person per day. EU human sugar 

consumption in 2020/21 was 16.6 Mt based on USDA data and 2020 population is estimated 

at 445.25 million based on UN data. This gives an EU sugar consumption per capita of 102.14 

g per day. The 77.14 g reduction per person per day to meet WHO recommendations would 

therefore require a 12.54 Mt decrease in total annual EU sugar consumption, which is a 

75.5% reduction on current levels of 16.6 Mt. 

 Net energy quantities are calculated with equation (1): 

𝑁𝑒𝑡 𝐸𝑛𝑒𝑟𝑔𝑦 = 𝐺𝑟𝑜𝑠𝑠 𝐸𝑛𝑒𝑟𝑔𝑦 (1 −
1

𝐸𝑅𝑂𝐼
)    (1) 

EU afforestation scenario 

In the EU afforestation scenario, the 12.54 Mt decrease in sugar consumption is assumed to 

no longer be produced in the EU. Direct GHG emission reductions from the fall in EU sugar 

production are calculated using a lifecycle emission range of 0.300–0.643 (mean 0.472) 

kgCO2e t-1 of sugar, based on the preferred substitution method for co-product accounting 

from Klenk et al.61. 
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The EU used 1.50 Mha of land to produce 14.72 Mt of sugar in 2020/21 according to 

USDA data40. The 75.5% reduction in EU human sugar consumption of 12.54 Mt could 

shrink EU sugar beet production by 85.2% (12.55/14.72). The difference in percentages 

between consumption and production is due to the remainder being made up by imports. An 

85.2% decrease in sugar beet production would therefore result in 1.28 Mha of current 

cropland being freed up. Reductions in EU LULUCF emissions were calculated using IPCC 

average rate of carbon uptake values for afforestation in a temperate climate region of 1.5–

4.5 (mean 3.0) tC ha-1, applied to the 1.28 Mha of freed up EU cropland62. 

EU ethanol scenario 

In the EU ethanol scenario, the freed-up EU cropland is now assumed to be used for ethanol 

production. Potential EU ethanol production was calculated with an ethanol yield of sugar 

beet of 5.0—10 (mean 7.5) m3 ha-1 from Manochio et al.45. The freed-up 1.28 Mha of EU 

cropland could therefore produce approximately 6.39–12.78 (mean 9.58) million m3 of 

ethanol, which in oil equivalent translates to 3.26–6.52 (mean 4.89) Mtoe with a conversion 

rate of 1 m3 of ethanol = 0.51 toe, as used by the European Union63. 

Direct emissions related to ethanol production were calculated with a total lifecycle 

emission rate of 0.41 kgCO2e L-1 ethanol from Manochio et al.45 for the 6.39–12.78 (mean 

9.58) million m3 produced. Indirect emission reductions from petroleum displacement were 

calculated using the EEA lifecycle well-to-wheel GHG intensity value of 93.3 gCO2e MJ-1 for 

petrol64. The intensity value was applied to the quantities of ethanol converted for oil 

equivalent energy (3.26–6.52 Mtoe) at a rate of 1 toe =41,868 MJ. Emission reduction from 

the fall in EU sugar production followed the same methodology as Scenario 1.  

Brazil ethanol scenario 

In the Brazil ethanol scenario, the EU continues producing sugar and sugarcane cropland is 

now freed up in Brazil for ethanol production. The amount of freed up Brazilian sugarcane 

agricultural land was calculated assuming an estimated sugarcane agricultural yield of 72–

82 (mean 77) t ha-1 based on Bordonal et al.47 and an industrial yield of 0.133–0.144 (mean 
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0.138) tonnes of total reduced sugars per tonne of sugarcane, based on the past six years of 

USDA/ATO/Sao Paulo data38. Using these assumptions, a reduction in sugar demand of 

12.54 Mt would free up 1.06–1.31 (mean 1.18) Mha of cropland (reduced sugar 

demand/industrial yield/agricultural yield).  

 Reductions in emissions from Brazilian sugar production were modelled with a 12.54 

Mt decrease in sugar production to match the same level of fall in global sugar demand. 

Reductions were calculated using estimates of lifecycle emissions for refined sugar from 

Brazilian sugarcane production to be around 0.241–0.307 (mean 0.274) kgCO2e per tonne of 

sugar in the literature65, 66. 

Potential Brazilian ethanol production was calculated with an ethanol yield of 5.4—10.8 

(mean 8.1) m3 ha-1 from Manochio et al.45. With these yields, 5.75–14.13 (mean 9.55) million 

m3 of ethanol could be produced from the 1.06–1.31 (mean 1.18) Mha of freed up Brazilian 

cropland, which in oil equivalent translates to 2.93–7.21 (mean 4.87) Mtoe with a conversion 

rate of 1 m3 of ethanol = 0.51 toe63. 

Direct emissions related to ethanol production were calculated with a total lifecycle 

emission rate of 0.25 kgCO2e L-1 ethanol from Manochio et al.71. for the 5.75–14.13 (mean 

9.55) million m3 produced. Indirect emission reductions from petroleum displacement were 

calculated using the EEA lifecycle well-to-wheel GHG intensity value of 93.3 gCO2e MJ-1 for 

petrol67. The intensity value was applied to the quantities of ethanol converted for oil 

equivalent energy (3.64–7.27 Mtoe) at a rate of 1 toe = 41,868 MJ. 

Brazilian LULUCF emissions were calculated following the 2006 IPCC Guidelines for 

National GHG Inventories68. The tier 1 method for ‘land converted to cropland’ (section 5.3) 

was adopted using default values for a tropical wet climate region to measure the impact on 

biomass, dead organic matter, and soils. The uncertainty range in calculations result from 

the uncertainty ranges given alongside the IPCC assumptions. An annual area of land 

converted to cropland of 106,000–131,000 (mean 118,000) ha was assumed, which is the 
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total area of 1.06–1.31 (mean 1.18) Mha of freed up cropland divided by ten years (assuming 

reductions are spread over a ten year period until 2032). 

 

Data availability 

The agricultural production data that support these findings are publicly available in the 

FAOSTAT repository https://www.fao.org/faostat and the USDA Foreign Agricultural 

Service repository https://www.fas.usda.gov/data. 
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Figure legends/captions 

Fig. 1. Sugar crop production. a, Global sugarcane and sugar beet production in 2019. b, EU 
sugar beet production in 2019 
 
Fig. 2 Centrifugal sugar production and consumption. Data for the ten highest global 
producers of centrifugal sugar production in  2019/20.  
 
Fig. 3. Changes in GHG emissions for the three scenarios. Box plots show the mean and 

ranges of total change in emissions for the three scenarios analysed, and whisker plots for constituent 

sectors of each scenario. Result ranges derive from uncertainty ranges in the carbon footprints and 

yields of sugar and ethanol per hectare of cropland. Full details of underlying assumptions are 

provided in the Methods. 
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Fig. 4. EU sugar and tobacco consumption per capita. Sugar consumption per capita is 

presented for the EU28 countries (including the United Kingdom) and tobacco consumption per 

capita for the 16 of the EU27 countries that had complete data for the years 1980–2014 in the dataset 

used (see Methods). 
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