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Policy mix for a low-carbon food
system
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for Government, The Policy Institute, King's College London, London, United Kingdom

The current food system accounts for approximately a third of the global
greenhouse gas emissions, necessitating an urgent shift toward low-carbon
food production and consumption practices. Carbon pricing can help internalize
the negative externalities of deriving animal-based protein. There have been
suggestions to complement meat and dairy taxes with softer policy tools, such
as behavioral nudges, that instead encourage people to adopt plant-based diets.
Nonetheless, both hard and soft tools have limitations when applied in isolation—
taxation is perceived to be unpopular, while softer tools might be ineffective. In
this perspective, we argue that innovations to this policy toolkit are key for a food
systems transformation. Our proposition includes novel hard policy tools, such
as the Emission Trading System (ETS), and seemingly softer policy tools, such as
Voluntary Carbon Offsetting (VCO), both of which can be combined with softer
tools like nudge and nudge+ interventions. We argue that policy innovations, as
well as sequencing soft and hard tools, could enhance existing food policies,
by creating a more socially acceptable pathway toward the urgently needed
transition to a sustainable food system, thereby improving the effectiveness of
these policies.
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Introduction

The current food system accounts for one-third of global greenhouse gas emissions
(GHG) (1) and poses significant challenges for biodiversity, ecosystem services, and air
pollution (2) as well as human health (3). Animal-based food accounts for 32% of CO,
emissions, while plant-based food contributes to 19% of carbon emissions (4). Additionally,
global population growth and increased per capita meat consumption are expected to boost
livestock production, further exacerbating these externalities (5).

The price of livestock products does not reflect the harm they cause (6). This is in
contrast to the “polluter-pay-principle”, which suggests pricing goods to reflect social
damages at the margin (7). Internalizing the negative externalities of animal-based products
should be addressed at the global scale, due to the transversality of the negative effects of
climate change. In this perspective we propose policies mix and sequencing that can be
contextualized and adapted for each region’s specificities.

Recently, meat taxes have been suggested as one of the solutions to internalize the
damaging effects of meat production and consumption (8-10). Denmark has been the only
country to implement a tax on agricultural emissions (11). Habib et al. (12) explore the
positive and negative implications of applying carbon pricing along the food supply chain.
They argue that carbon pricing policies pose various challenges, such as higher costs and
administrative burden, GHG emissions leakage and regressive impacts on consumers.
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Carbon pricing policies can be categorized as “hard” policy
instruments, which involve the restriction of personal choices and
the use of mandatory financial interventions; in contrast, “soft”
policies provide information to the public and guide their decisions
through behavioral interventions (13, 14). This is also known
as the Nuffield Intervention Ladder for public health policies
(13). Soft policies are popular tools to steer citizens toward more
sustainable and healthy diets, which can considerably reduce the
environmental impact of our food system (15). For example, nudges
have been applied to encourage sustainable food choices (16) and
reduce meat consumption (17). Hess et al. (18) found nudges to be
more effective than a competency-building boost in a food-delivery
environment, while Banerjee et al. (19) argue that encouraging
reflection on dietary choices reduced food emissions of food orders
by 40%. Nevertheless, soft interventions might sometimes backfire
and lead to an increase in meat consumption (17, 20). Given the
negative impacts that both types of policy may generate, more
comprehensive policy measures and a more accepted sequence of
policy mix are needed.

Are there any other tools that we can employ to reduce livestock
emissions? In this perspective, we move along the hard and soft
carbon pricing policy Nuffield ladder (13) to discuss other potential
fiscal tools, specifically cap-and-trade Emissions Trading Systems
(ETS) and Voluntary Carbon Offsets (VCOs). We consider how
hard policies can be combined with behavioral interventions such
as “nudge+”—which incorporates a reflective component into
a standard nudge—to overcome some of their limitations when
applied in the food system, and how hard, soft and combined
policies should be sequenced to be more acceptable.

Emissions Trading Systems (ETS)

ETS are commonly based on the cap-and-trade principle, where
operators can trade allowances to emit CO,-eq, corresponding to
emissions reductions in relation to a cap defined by regulators for
specific sectors. For example, the European Union (EU) ETS, the
largest ETS in operation, covers GHG emissions from the energy,
manufacturing industry and aircraft sectors, but not agriculture
(21). Discussions of expanding the ETS also to the agriculture
sector have started in the European Commission (22). The True
Animal Protein Price (TAPP) Coalition (23) proposed to include
slaughterhouses and dairy factories in a new Agri-ETS system.
However, industry lobbying might hinder its implementation, as
it has already influenced the EU GHG market design in the
past (24).

A report published by the European Commission (25) analyzed
the implications of implementing the EU ETS at different points
of the food system value chain: livestock, arable and mixed farms;
manufacturers and importers of farm animal feed and synthetic
fertilizer; processors of meat and dairy products. Among the five
options proposed in the report, there is a downstream GHG
emissions tax that lies with entities that receive meat and dairy
products sold by farmers. An ETS applied to only enterprises with
more than 50 people would cover almost 82% and 91% of the total
turnover of processing and preserving meat and dairy products in
the European Union (25). However, mandatory fiscal policies will
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continue to face strong opposition from lobbyists from the ultra-
processed food industry (26) and farmers (27), which could further
lower actions to tackle livestock emissions.

Along with the pushback from lobbyists, the inclusion of
agricultural sectors in the EU ETS would likely come with
drawbacks that policymakers should consider. Among these, there
is the expected administrative burden on small farmers — 9 out
of 10 of EU farms are family farms (28). While some parties
proposed to exempt small farmers from the ETS system, others
defend the promotion of agricultural cooperatives to share the
administrative burden and costs or foster the digitalisation of the
monitoring and reporting processes (25, 29). Another potential
issue is GHG emissions leakage (30). Farms and firms might find it
more lucrative to relocate their businesses where carbon regulations
are less stringent or absent. Therefore, we argue that a food-related
ETS system should not be implemented alone, but in harmony with
a set of European-wide policies that avoid potential backlash on
the economy. The Carbon Border Adjustment Mechanism (CBAM)
is a tool that aims at preventing these negative effects (31). The
CBAM imposes a price on carbon-intensive imported goods from
countries with less stringent environmental regulations, preventing
carbon leakage from the European Union (31).

Voluntary Carbon Offsetting (VCO)

Given the limitations and barriers of implementing an ETS
in the agriculture sector, the real cost of livestock products could
be slowly introduced with voluntary fiscal tools. A recent EU
legislation launched a voluntary Union certification framework
for permanent carbon removals and carbon farming (CRCF; 31).
Operators can be eligible for a voluntary certification for any
activities implemented that reduce their emissions level in the
EU (32). An additional voluntary alternative could be represented
by voluntary carbon offsetting, offering polluters the opportunity
to compensate for their emissions by subsidizing GHG emission
reductions achieved by mitigation projects elsewhere through the
purchase of carbon credits in voluntary or compliance carbon
markets (33). This could be applied along the whole value
chain — even at the consumer level — to compensate for the
negative environmental impacts of their consumption choices.
VCO have been extensively studied in the aviation sector, and
the willingness to pay for VCO has been applied to delivery
services (34), conference (35), electricity consumption (36), and
touristic activities (37). The UN implemented a platform where
individuals can compute their carbon footprint and contribute to
UN programmes that reduce GHG emissions (38). At the firm level,
in the UK, the impact of food products has been claimed to be offset
via sustainability projects (39).

Nevertheless, while VCO could be the backbone of more
attractive and convenient soft policy alternatives, there are
large uncertainties about their effectiveness (40-43), posing a
considerable obstacle for implementation and societal acceptance
(44). In that regard, emphasis could be placed on VCO activities
based on more credible assumptions and calculations, such as those
involving the destruction of methane emissions in landfills of SFg
and HFC-23 (45). Still, even if more reliable options are available,
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this should not distract society from a permanent shift toward more
sustainable food choices.

Another issue related to VCO refers to moral licensing (46).
Individuals and firms might alleviate guilt feelings while continuing
to engage in unsustainable consumption practices. If VCO is
to be promoted as part of a soft policy tool within the food
system, regulators must ensure, to a reasonable degree, that they
correspond to actual emissions reductions (47) and do not delay
global decarbonization efforts. Whether this target is realistically
achievable has yet to be determined (48).

Policy innovations

We visualize the interventions mentioned above on the Nuffield
Intervention Ladder: carbon pricing policies, as the meat-tax and
the Agri-EU ETS, are placed among the hard policies, on top of
the ladder, behavioral tools are positioned among the soft policies,
at the bottom of it and carbon offsetting would be placed in the
middle. We suggest that rather than moving from one type to
the other, implementing a combination of soft and hard policies*
might make carbon pricing more effective. For example, Wang
and Li (49) argue that soft economic incentives and behavioral
incentives are more effective than individual policy alone. An
example of a union of these policies is Compensators e.V., (50)
a platform which buys allowances to withdraw them from the
EU ETS market. This is a combination of a hard instrument (i.e.,
cap-and-trade market) and a soft tool. Other authors explored
the possibility of blending behavioral instruments with carbon
pricing policies. Gravert and Shreedhar (51) proposed combining
carbon tax policies and green nudges to create a more salient
choice environment that evokes climate concern, targets multiple
behaviors and increases public acceptance. In contrast to traditional
nudge, which changes the choice architecture without changing
the economic incentives or the choice set (52), green nudges
aim to promote sustainable behaviors (53, 54). Framing is also
an example of this combination of soft and hard policy tools.
For example, consumers are particularly sensitive to how taxation
is framed; Baranzini and Carattini (55) argue that adopting the
term “climate contribution,” rather than “tax,” could increase
public support.

The effectiveness of voluntary soft tools can be enhanced by a
reflection prompt. In this regard, VCO could be implemented along
with nudge+, a behavioral tool that incorporates a reflection trigger
inside the traditional nudge (56). For example, in the context of
food purchase, customers could be asked whether they would like
to pay an additional amount to offset their food emissions, with the
opportunity to scan a QR code or a visual prompt that explains how
carbon offsetting works and what climate change mitigation activity
they will support. While consumers can make more sustainable
food choices with more effective information-based interventions
(57), we are aware that this is context-dependent. When individuals

1 Public policies vary in their levels of stringency. Depending on the level of
stringency they can be classified either as soft (such as education, persuasion,
information provision) or hard (command-and-control or fiscal regulations
such as taxes); for details, see Banerjee et al., (14).
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decide what to consume, they do it in a choice environment which
is already filled with information (e.g., vegetarian or vegan labels,
allergens, and nutritional attributes). In addition, according to the
context in which the decision is taken, different thinking processes
might be operating. Kahneman (58) defined two specific thinking
processes: System 1, fast, automatic and intuitive; and System 2,
slower and complex reasoning. In some contexts, such as food
delivery platforms or restaurants, where people tend to have more
time to make decisions, a VCO with a nudge+ might be easier
to implement. It is important to adjust the type of behavioral
tool according to which system is involved in the decision-making
process. In settings such as supermarkets or cafeterias, a reflective
tool would be rarely feasible; therefore, a behavioral tool that
focuses on the faster, automatic and intuitive System 1 will likely
be more effective. Studies that combine VCO with behavioral tools,
e.g., Zheng et al. (59), include the use of heuristics to induce people
to purchase carbon offsets, although the former authors found
that transparent information was more effective than heuristic
cues. Another option is using anchors, i.e,, when people make
their decision by adjusting their choice to an initial piece of
information (60), to influence people’s offsetting decision (61), or
setting offsetting as a default decision option (62).

Discussion and conclusions

Stepping from softer to harder policies might be a suitable
approach to help individuals become accustomed to pro-
environmental behaviors, before forcing them to adopt them with
more coercive (i.e., harder) policies. However, the public’s attitudes
on policies differ according to the level of coerciveness, the level
of power the state is exerting, the administrative design distinction
and the salience of the policy (63). A policy mix might increase
acceptability across individuals’ political orientation and policy
preferences (63). Meckling et al. (64) described how California
and the EU adopted a sequence of policies for a low-carbon
energy transition, moving from green industrial regulation to a
carbon-pricing initiative to a policy mix (64). We propose a similar
approach, by sequencing from soft policies to a combination of soft
and hard policies. For example, VCO, as a voluntary fiscal measure,
might introduce the idea of accounting for the real price of animal-
based products when environmental (and health) externalities are
considered. It could be introduced as a first step in a dietary fiscal
policy agenda at the downstream level of the agricultural sector
(processors of meat and dairy products), with potential marketing
benefits for environmentally conscious customers. This might
steer firms in the food production industry to implement more
sustainable solutions in their business model (e.g., production shift
to avoid offsetting) and avoid a long-term reliance on VCO. At the
same time, nudge+ could be more extensively implemented at the
consumer level as soft initial measures (e.g., engaging in consumers’
sustainable choices using websites and apps) or included in harder
policies to steer reflection on the potential loss associated with
harmful behavior (e.g., financial loss derived from food waste).
This would tackle their environmental attitudes and beliefs to start,
which is the first step to induce a more long-lasting behavior and a
habit (65).
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We argue for the use of different soft tools simultaneously
throughout the food supply chain to create a more comprehensive
policy mix that can gain public support. These measures would
be voluntary at first, focused on changing views and beliefs, while
pushing firms to a new, more sustainable food system. As a
following step, more stringent policies should come into force,
e.g., an Agri-ETS or a mandatory carbon pricing in the form of
a carbon tax, framed as a “levy” (66) or “climate contribution”
(55), along with nudging measures, reinforcing the reasons and
needs for more stringent climate measures. Soft tools as nudge
or nudge+, could be useful instruments for addressing hurdles
associated with “harder” climate policies, such as economic costs,
distributional dynamics and lack of capacity and authority and free-
riding concerns (67). Revenues from carbon taxes could also be
used to subsidize healthier and plant-based products, to avoid a
regressive effect of the tax (68-70). The price reduction of these
products could be made more salient using behavioral measures.

While some of these combinations of soft and hard tools (such
as framing) entail less administrative burden, they are not free of
potential bureaucratic issues arising from policy mixes. In the EU
context, some mechanisms have already been deployed to reduce
the bureaucratic burden (71). We believe that a fair and acceptable
policy mix should be designed to not hinder the law-making process
and overburden citizens with more red tape.

Synergies between these hard and soft measures require further
research, and they might be a potential tool to move toward more
sustainable dietary choices. Nevertheless, these tools need to be
tailored according to the contexts in which they are applied. An
active participation from all the stakeholders involved, including
citizens, might help policymakers to design fairer and more
effective policy interventions. Public involvement is pivotal to
introducing acceptable and stringent climate policies (72). We
believe that recent behavioral innovations, such as nudge+, can
ease citizen engagement in public policy initiatives by allowing
citizens to become autonomous and enter a mature dialogue with
the state. Citizen engagement could also be achieved through
citizens’ assemblies, which can encourage public participation in
the early stages of policymaking (73). Building such participatory
public policies will help adapt and refine the policy mix as presented
in this perspective according to the citizens needs and the specific
socioeconomic context.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

References
1. Crippa M, Solazzo E, Guizzardi D, Monforti-Ferrario E, Tubiello FN, Leip A, et al.

Food systems are responsible for a third of global anthropogenic GHG emissions. Nat
Food. (2021) 2:198-209. doi: 10.1038/s43016-021-00225-9

Frontiersin Nutrition

10.3389/fnut.2026.1766609

Author contributions

MB: Conceptualization, Writing - original draft, Writing —
review & editing. SB: Conceptualization, Supervision, Writing -
review & editing. TW: Conceptualization, Supervision, Writing -
review & editing.

Funding

The author(s) declared that financial support was not received
for this work and/or its publication.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author SB declared that they were an editorial board
member of Frontiers, at the time of submission. This had no impact
on the peer review process and the final decision.

Generative Al statement

The author(s) declared that generative AI was used in the
creation of this manuscript. Generative Al was used to rearrange
and homogenize the reference list format. The authors checked
manually the rearrangement done by the generative AL

Any alternative text (alt text) provided alongside figures in
this article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever possible.
If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

2. Scarborough P, Clark M, Cobiac L, Papier K, Knuppel A, Lynch J, et al. Vegans,
vegetarians, fish-eaters and meat-eaters in the UK show discrepant environmental
impacts. Nat Food. (2023) 4:565-74. doi: 10.1038/5s43016-023-00795-w

frontiersin.org


https://doi.org/10.3389/fnut.2026.1766609
https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1038/s43016-023-00795-w
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Buso et al.

3. Tessier A, Wang F Korat AA, Eliassen AH, Chavarro ], Grodstein E
et al. Optimal dietary patterns for healthy aging. Nat Med. (2025) 24:1-9.
doi: 10.1038/s41591-025-03570-5

4. Xu X, Sharma P, Shu S, Lin TS, Ciais P, Tubiello FN, et al. Global greenhouse gas
emissions from animal-based foods are twice those of plant-based foods. Nat Food.
(2021) 2:724-32. doi: 10.1038/543016-021-00358-x

5. Cheng M, McCarl B, Fei C. Climate change and livestock production: a literature
review. Atmosphere. (2022) 13:1. doi: 10.3390/atmos13010140

6. Funke E Mattauch LI, van de Bijgaart I, Godfray C, Hepburn C, Klenert D, et al.
Is meat too cheap? Towards optimal meat taxation. INET Oxford Working Paper No.
2022-01 (2021). doi: 10.2139/ssrn.3801702

7. OECD. The Polluter Pays Principle: Definition, Analysis, Implementation. Paris:
OECD Publishing (2008). doi: 10.1787/9789264044845-en

8. Banerjee S. Meat taxes are inevitable, yet we seem to shy away from them. But Why?
Food Policy. (2025) 130:102787. doi: 10.1016/j.foodpol.2024.102787

9. van den Bergh CJM, Botzen WWJ. Assessing criticisms of carbon pricing. Int Rev
Environ Res Econ. (2024) 18:315-84. doi: 10.1561/101.00000172

10. Funke F, Mattauch L, van den Bijgaart I, Godfray HCJ, Hepburn C, Klenert D, et al.
Toward optimal meat pricing: is it time to tax meat consumption? Rev Environ Econ
Policy. (2022) 16:219-40. doi: 10.1086/721078

11. BBC News. Flatulence Tax: Denmark Agrees Deal to Tax Farmers for
Livestock Emissions (2024). Available online at: https://www.bbc.co.uk/news/articles/
c20ng8qgep3o0 (Accessed March 18, 2025).

12. Habib M, Singh S, Bist Y, Kumar Y, Jan K, Bashir K, et al. Carbon pricing and the
food system: implications for sustainability and equity. Trends Food Sci Technol. (2024)
150:104577. doi: 10.1016/j.tifs.2024.104577

13. Nuffield Council on Bioethics. Public Health: Ethical Issues. London: Nuffield
Council on Bioethics (2007). Available online at: http://nuffieldbioethics.org/project/
public-health (Accessed March 18, 2026).

14. Banerjee S, Savani M, Shreedhar G. Public support for ‘soft’ versus ‘hard’
public policies: review of the evidence. J Behav Public Admin. (2021) 4:220.
doi: 10.30636/jbpa.42.220

15. Rockstorm J, Haraksingh Thilsted S, Willett WC, Gordon L], Herrero M, Hicks
CG, et al. The EAT-lancet commission on healthy, sustainable, and just food systems.
Lancet. (2025) 406:1625-700. doi: 10.1016/S0140-6736(25)01201-2

16. Abrahamse W. How to effectively encourage sustainable food choices:
a mini-review of available evidence. Front Psychol. (2020) 11:589674.
doi: 10.3389/fpsyg.2020.589674

17. Schiufele-Elbers I, Bosnjak M, Gastaldello G, Schamel G. Nudging meat
off the plate in foodservice? A systematic review and meta-analysis identifying
moderators in field-based intervention studies. J Environ Psychol. (2025) 108:102830.
doi: 10.1016/j.jenvp.2025.102830

18. Hess AM, Tatic M, Klink-Lehmann ], Zenker P, Hartmann M. Evaluating nudge
and boost strategies for greener meals in food-delivery: an experimental study. Appetite.
(2026) 216:108278. doi: 10.1016/j.appet.2025.108278

19. Banerjee S, Galizzi MM, John P, Mourato S. Sustainable dietary choices improved
by reflection before a nudge in an online experiment. Nat Sustain. (2023) 6:1632-42.
doi: 10.1038/541893-023-01235-0

20. Pham N, Mandel N, Morales AC. Messages from the food police: how food-
related warnings backfire among dieters. | Assoc Consum Res. (2016) 1:175-90.
doi: 10.1086/684394

21. Directive 2003/87/EC of the European Parliament and of the Council. Directive
2003/87/EC of 13 October 2003 Establishing a Scheme for Greenhouse Gas Emission
Allowance Trading Within the Community and Amending Council Directive 96/61/EC
(Text with EEA relevance) (2003). Available online at: https://eur-lex.europa.eu/eli/dir/
2003/87/0j/eng (Accessed March 18, 2025).

22. Hernandez MR. Does the EU Need an Emissions Trading System for Agriculture?
Carbon Market Watch (2024). Available online at: https://carbonmarketwatch.org/
2024/07/04/does- the- eu- need- an- emissions- trading- system- for- agriculture/

23. Tappcoalition. About Us. Available online at: https://www.tappcoalition.eu/about-
us-4633779 (Accessed March 28, 2025).

24. Markussen P, Svendsen GT. Industry lobbying and the political economy
of GHG trade in the European union. Energ Policy. (2005) 33:245-55.
doi: 10.1016/50301-4215(03)00238-6

25. Bognar J, Springer K, Nesbit M, Nadeu E, Hiller N, van Dijk R, et al
Pricing Agricultural Emissions and Rewarding Climate Action in the Agri-Food
Value Chain: Applying the Polluter-Pays Principle to Agricultural Emissions.
Report for European Commission, DG CLIMA (Trinomics) (2023).Available online
at: https://ieep.eu/wp- content/uploads/2023/11/Pricing-agricultural- emissions-and-
rewarding- climate-action-in-the-agri- food- value- chain-IEEP-2023.pdf

26. Slater S, Lawrence M, Wood B, Serodio P, Baker P. 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. Global Health. (2024) 20:16. doi: 10.1186/s12992-024-
01020-4

Frontiersin Nutrition

10.3389/fnut.2026.1766609

27. Taylor P. Farmers are in Revolt and Europes Climate Policies are Crumbling.
Welcome to the Age of ‘Greenlash’ (2024). Available online at: https://www.theguardian.
com/commentisfree/2024/feb/16/europe-farmers- climate- green- protest-eu (Accessed
March 18, 2025).

28. Key Figures on the European Food Chain—2024 Edition (2024). Available online
at: https://ec.europa.eu/eurostat/web/products-key- figures/w/KS-01-24-000

29. European Commission. Strategic Dialogue on the Future of EU Agriculture: A
shared Prospect for Farming and Food in Europe (2024). Available online at: https://
commission.europa.eu/topics/agriculture-and- rural- development/strategic- dialogue-
future-eu-agriculture_en

30. Wang M, Kuusi T. Trade Flows, carbon leakage, and the EU emissions trading
system. Energ Econ. (2024) 134:107556. doi: 10.1016/j.eneco.2024.107556

31. Regulation (Eu) 2025/2083 of the European Parliament and of the Council.
Regulation (EU) 2025/2083 of 8 October 2025 Amending Regulation (EU) 2023/956 as
Regards Simplifying and Strengthening the Carbon Border Adjustment Mechanism (Text
with EEA relevance) (2025). Available online at: https://eur-lex.europa.eu/eli/reg/2025/
2083/0j/eng (Accessed March 18, 2025).

32. Regulation (EU) 2024/3012 of the European Parliament and of the Council.
Regulation (EU) 2024/3012 of 27 November 2024 Establishing a Union Certification
Framework for Permanent Carbon Removals, Carbon Farming and Carbon Storage in
Products (2024). Available online at: https://eur-lex.europa.eu/legal- content/EN/TXT/
PDF/?uri=0J:L_202403012 (Accessed March 18, 2025).

33. Calel R, Colmer ], Dechezleprétre A, Glachant M. Do carbon offsets offset carbon?
Am ] Econ. (2021) 17:1-40. doi: 10.2139/ssrn.3950103. (2021)

34. Rodemeier M. Willingness to pay for carbon mitigation: field evidence from the
market for carbon offsets. Rev Financ Stud. (2023) 39:1-29. doi: 10.2139/ssrn.4360822

35. Arana JE, Ledn CJ. Can defaults save the climate? Evidence from a field
experiment on carbon offsetting programs. Environ Res Econ. (2013) 54:613-26.
doi: 10.1007/s10640-012-9615-x

36. Yang Y, Solgaard HS. Exploring residential energy consumers’ willingness to accept
and pay to offset their CO, emission. Int J Energ Sect Manag. (2015) 9:643-62.
doi: 10.1108/IJESM-09-2013-0003

37. Femenias Rossello LB, Bujosa Bestard A, Riera Font A. Is carbon footprint
reduction always preferred over offsetting? An analysis of tourists’ preferences in the
Mallorca region. Econ Anal Policy. (2024) 81:1371-81. doi: 10.1016/j.eap.2024.02.018

38. United Nations Carbon Offset Platform. https://unfccc.int/climate-action/united-
nations- carbon- offset- platform (Accessed March 28, 2025).

39. Southey F. NPD Trend Tracker: From Carbon-Offset Ready Meals to General Mills
Snacks (2021). Available online at: https://www.foodnavigator.com/Article/2021/07/
19/NPD-Trend- Tracker- From- carbon- offset- ready- meals- to- General- Mills- snacks/
(Accessed March 18, 2025).

40. Kollmuss A, Schneider L, Zhezherin V. Has Joint Implementation Reduced GHG
Emissions? Lessons Learned for the Design of Carbon Market Mechanisms Stockholm
Environment Institute (2015). Available onine at: https://wwwjstororg/stable/resrep
(Accessed March 18, 2025).

41. Probst BS, Kontoleon A, Toetzke M, Gill-Wiehl A, Hoffmann VH. Systematic
review of the achieved emission reductions of carbon crediting projects. Nat Commun.
(2024) 15:9562. doi: 10.1038/s41467-024-53645-z

42. West TAP, Alford-Jones K, Delacote P, Fearnside PM, Filewod B, Groom
B, et al. Demystifying the romanticized narratives about carbon credits from
voluntary forest conservation. Global Change Biol. (2025) 31:¢70527. doi: 10.1111/gcb.
70527

43. Cames M, Harthan R, Fiissler J, Lazarus M, Lee C, Erickson P, et al. How
Additional is the Clean Development Mechanism? Analysis of the Application of Current
Tools and Proposed Alternatives. Study Prepared for DG CLIMA (2016). Available
online at: https://climate.ec.europa.eu/system/files/2017-04/clean_dev_mechanism_
en.pdf (Accessed March 18, 2025).

44. Jessop S. Climate Target Group in Turmoil over Carbon Offsetting Plan
(2024). Available online at: https://www.reuters.com/sustainability/companies-get-
green-light- use- offsets- supply- chain- emissions- 2024-04-10/ (Accessed March 18,
2025).

45. Schneider L, Kollmuss A. Perverse effects of carbon markets on HFC-
23 and SF6 abatement projects in Russia. Nat Clim Chang. (2015) 5:1061-3.
doi: 10.1038/nclimate2772

46. Chu H, Yuan S. Carbon credit does not buy moral credit: moral licensing and
perceived hypocrisy of carbon emission offsetting and reduction. Clim Chang. (2025)
178:48. doi: 10.1007/s10584-025-03897-5

47. European Union. EU Secures Agreement on Carbon Market Rules and New Climate
Finance Goal, with Broader Contributor Base to Drive Clean Investments, Increase
Resilience and Prepare the Ground for Further Emission Reductions. Press release,
European Commission (2024). Available online at: https://ec.europa.eu/commission/
presscorner/api/files/document/print/en/ip_24_6043/IP_24_6043_EN.pdf (Accessed
March 18, 2025).

48. Macintosh A, Trencher B, Probst B, Barley S, Cullenward D, West TAP, et al.
Carbon credits are failing to help with climate change — here’s why. Nature. (2025)
646:543-46. doi: 10.1038/d41586-025-03313-z

frontiersin.org


https://doi.org/10.3389/fnut.2026.1766609
https://doi.org/10.1038/s41591-025-03570-5
https://doi.org/10.1038/s43016-021-00358-x
https://doi.org/10.3390/atmos13010140
https://doi.org/10.2139/ssrn.3801702
https://doi.org/10.1787/9789264044845-en
https://doi.org/10.1016/j.foodpol.2024.102787
https://doi.org/10.1561/101.00000172
https://doi.org/10.1086/721078
https://www.bbc.co.uk/news/articles/c20nq8qgep3o
https://www.bbc.co.uk/news/articles/c20nq8qgep3o
https://doi.org/10.1016/j.tifs.2024.104577
http://nuffieldbioethics.org/project/public-health
http://nuffieldbioethics.org/project/public-health
https://doi.org/10.30636/jbpa.42.220
https://doi.org/10.1016/S0140-6736(25)01201-2
https://doi.org/10.3389/fpsyg.2020.589674
https://doi.org/10.1016/j.jenvp.2025.102830
https://doi.org/10.1016/j.appet.2025.108278
https://doi.org/10.1038/s41893-023-01235-0
https://doi.org/10.1086/684394
https://eur-lex.europa.eu/eli/dir/2003/87/oj/eng
https://eur-lex.europa.eu/eli/dir/2003/87/oj/eng
https://carbonmarketwatch.org/2024/07/04/does-the-eu-need-an-emissions-trading-system-for-agriculture/
https://carbonmarketwatch.org/2024/07/04/does-the-eu-need-an-emissions-trading-system-for-agriculture/
https://www.tappcoalition.eu/about-us-4633779
https://www.tappcoalition.eu/about-us-4633779
https://doi.org/10.1016/S0301-4215(03)00238-6
https://ieep.eu/wp-content/uploads/2023/11/Pricing-agricultural-emissions-and-rewarding-climate-action-in-the-agri-food-value-chain-IEEP-2023.pdf
https://ieep.eu/wp-content/uploads/2023/11/Pricing-agricultural-emissions-and-rewarding-climate-action-in-the-agri-food-value-chain-IEEP-2023.pdf
https://doi.org/10.1186/s12992-024-01020-4
https://www.theguardian.com/commentisfree/2024/feb/16/europe-farmers-climate-green-protest-eu
https://www.theguardian.com/commentisfree/2024/feb/16/europe-farmers-climate-green-protest-eu
https://ec.europa.eu/eurostat/web/products-key-figures/w/KS-01-24-000
https://commission.europa.eu/topics/agriculture-and-rural-development/strategic-dialogue-future-eu-agriculture_en
https://commission.europa.eu/topics/agriculture-and-rural-development/strategic-dialogue-future-eu-agriculture_en
https://commission.europa.eu/topics/agriculture-and-rural-development/strategic-dialogue-future-eu-agriculture_en
https://doi.org/10.1016/j.eneco.2024.107556
https://eur-lex.europa.eu/eli/reg/2025/2083/oj/eng
https://eur-lex.europa.eu/eli/reg/2025/2083/oj/eng
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202403012
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202403012
https://doi.org/10.2139/ssrn.3950103.~(2021)
https://doi.org/10.2139/ssrn.4360822
https://doi.org/10.1007/s10640-012-9615-x
https://doi.org/10.1108/IJESM-09-2013-0003
https://doi.org/10.1016/j.eap.2024.02.018
https://unfccc.int/climate-action/united-nations-carbon-offset-platform
https://unfccc.int/climate-action/united-nations-carbon-offset-platform
https://www.foodnavigator.com/Article/2021/07/19/NPD-Trend-Tracker-From-carbon-offset-ready-meals-to-General-Mills-snacks/
https://www.foodnavigator.com/Article/2021/07/19/NPD-Trend-Tracker-From-carbon-offset-ready-meals-to-General-Mills-snacks/
https://wwwjstororg/stable/resrep
https://doi.org/10.1038/s41467-024-53645-z
https://doi.org/10.1111/gcb.70527
https://climate.ec.europa.eu/system/files/2017-04/clean_dev_mechanism_en.pdf
https://climate.ec.europa.eu/system/files/2017-04/clean_dev_mechanism_en.pdf
https://www.reuters.com/sustainability/companies-get-green-light-use-offsets-supply-chain-emissions-2024-04-10/
https://www.reuters.com/sustainability/companies-get-green-light-use-offsets-supply-chain-emissions-2024-04-10/
https://doi.org/10.1038/nclimate2772
https://doi.org/10.1007/s10584-025-03897-5
https://ec.europa.eu/commission/presscorner/api/files/document/print/en/ip_24_6043/IP_24_6043_EN.pdf
https://ec.europa.eu/commission/presscorner/api/files/document/print/en/ip_24_6043/IP_24_6043_EN.pdf
https://doi.org/10.1038/d41586-025-03313-z
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Buso et al.

49. Wang JM, Li YQ. Soft economic incentives and soft behavioral interventions on
the public’s green purchasing behaviour - the evidence from China. Psychol Res Behav
Manag. (2022) 15:2477-99. doi: 10.2147/PRBM.S373123

50. Compensators. About Us. Available onine at: https://www.compensators.org/en/
about-us/ (Accessed November 28, 2025).

51. Gravert C, Shreedhar G. Effective carbon taxes need green nudges. Nat Clim Chang.
(2022) 12:1073-74. doi: 10.1038/s41558-022-01515-1

52. Thaler RH, Sunstein CR. Nudge: Improving Decisions about Health, Wealth, and
Happiness. New Haven, CT: Yale University Press (2008).

53. Schubert C. Green nudges: do they work? Are they ethical? Ecol Econ. (2017)
132:329-42. doi: 10.1016/j.ecolecon.2016.11.009

54. Carlsson F, Gravert C, Johansson-Stenman O, Kurz V. The use of green nudges
as an environmental policy instrument. Rev Environ Econ Policy. (2021) 15:216-37.
doi: 10.1086/715524

55. Baranzini A, Carattini S. Effectiveness, earmarking and labeling: testing the
acceptability of carbon taxes with survey data. Environ Econ Policy Stud. (2017)
19:197-227. doi: 10.1007/s10018-016-0144-7

56. Banerjee S, John P. Nudge plus: incorporating reflection into behavioral public
policy. Behav Public Policy. (2024) 8:69-84. doi: 10.1017/bpp.2021.6

57. Ran Y, Nilsson Lewis A, Dawkins E, et al. (2022). Information as an enabler
of sustainable food choices: a behavioural approach to understanding consumer
decision-making. Sustain Prod Consum. (2022) 31:642-56. doi: 10.1016/j.spc.2022.
03.026

58. Kahneman D. Thinking, Fast and Slow. New York, NY: Farrar, Straus and
Giroux (2011).

59. Zheng D, Ritchie BW, Dolnicar S, Babakhani N. Can heuristic cues
improve voluntary carbon offsetting message effectiveness? ] Travel Res. (2025)
doi: 10.1177/00472875251342206

60. Tversky A, Kahneman D. Judgment under uncertainty: heuristics and biases.
Science. (1974) 185:1124-31. doi: 10.1126/science.185.4157.1124

61. Székely N, Weinmann M, Brocke J. Nudging People to Pay CO, Offsets — The Effect
Of Anchors in Flight Booking Processes (2016). Available online at: https://aisel.aisnet.
org/ecis2016_rip/62 (Accessed March 18, 2025).

Frontiersin Nutrition

06

10.3389/fnut.2026.1766609

62. Franzoi S, Brocke J. Sustainability by Default? - Nudging Carbon Offsetting Behavior
In E-Commerce (2022). Available online at: https://aisel.aisnet.org/ecis2022_rp/111/
(Accessed March 18, 2025).

63. Ejelov E, Harring N, Hansla A, Jagers S, Nilsson A. Push, pull, or inform - an
empirical taxonomy of environmental policy support in Sweden. J Public Policy. (2022)
42:529-52. doi: 10.1017/S0143814X21000271

64. Meckling J, Sterner T, Wagner G. Policy sequencing toward decarbonization. Nat
Energ. (2017) 2:918-22. doi: 10.1038/s41560-017-0025-8

65. Verplanken B, Orbell S. Attitudes, habits, and behavior change. Ann Rev Psychol.
(2022) 73:327-52. doi: 10.1146/annurev-psych-020821-011744

66. Perino G, Schwickert H. Animal welfare is a stronger determinant of public support
for meat taxation than climate change mitigation in Germany. Nat Food. (2023)
4:160-69. doi: 10.1038/543016-023-00696-y

67. Pahle M, Burtraw D, Flachsland C, Kelsey N, Biber E, Meckling J, et al
Sequencing to ratchet up climate policy stringency. Nat Clim Chang. (2018) 8:861-67.
doi: 10.1038/s41558-018-0287-6

68. Erhard A, Banerjee S, Morren, M. Driving Public Support for a Meat Tax: Fiscal
Policies and Behavioral Interventions (2024). Available online at: https://ideas.repec.
org//plags/gausfs/344114.html (Accessed March 18, 2025).

69. Klenert D, Funke F Cai M. Meat taxes in Europe can be designed
to avoid overburdening low-income consumers. Nat Food. (2023) 4:894-901.
doi: 10.1038/s43016-023-00849-z

70. Siegerink VE, Delnoij J, Alpizar F. Public preferences for meat tax attributes
in the Netherlands: a discrete choice experiment. Food Policy. (2024) 128:102675.
doi: 10.1016/j.foodpol.2024.102675

71. European Commission. Better Regulation. https://commission.europa.eu/law/law-
making- process/better-regulation_en (Accessed March 04, 2026).

72. Heyen DA, Wicki M. Increasing public support for climate policy proposals: a
research agenda on governable acceptability factors. Clim Policy. (2024) 24:785-94.
doi: 10.1080/14693062.2024.2330390

73. OECD. Innovative Citizen Participation and New Democratic Institutions:
Catching the Deliberative Wave (2020). Available online at: https://www.oecd.org/
en/publications/innovative- citizen- participation-and- new- democratic- institutions_
339306da-en.html (Accessed March 18, 2025).

frontiersin.org


https://doi.org/10.3389/fnut.2026.1766609
https://doi.org/10.2147/PRBM.S373123
https://www.compensators.org/en/about-us/
https://www.compensators.org/en/about-us/
https://doi.org/10.1038/s41558-022-01515-1
https://doi.org/10.1016/j.ecolecon.2016.11.009
https://doi.org/10.1086/715524
https://doi.org/10.1007/s10018-016-0144-7
https://doi.org/10.1017/bpp.2021.6
https://doi.org/10.1016/j.spc.2022.03.026
https://doi.org/10.1177/00472875251342206
https://doi.org/10.1126/science.185.4157.1124
https://aisel.aisnet.org/ecis2016_rip/62
https://aisel.aisnet.org/ecis2016_rip/62
https://aisel.aisnet.org/ecis2022_rp/111/
https://doi.org/10.1017/S0143814X21000271
https://doi.org/10.1038/s41560-017-0025-8
https://doi.org/10.1146/annurev-psych-020821-011744
https://doi.org/10.1038/s43016-023-00696-y
https://doi.org/10.1038/s41558-018-0287-6
https://ideas.repec.org//p/ags/gausfs/344114.html
https://ideas.repec.org//p/ags/gausfs/344114.html
https://doi.org/10.1038/s43016-023-00849-z
https://doi.org/10.1016/j.foodpol.2024.102675
https://commission.europa.eu/law/law-making-process/better-regulation_en
https://commission.europa.eu/law/law-making-process/better-regulation_en
https://doi.org/10.1080/14693062.2024.2330390
https://www.oecd.org/en/publications/innovative-citizen-participation-and-new-democratic-institutions_339306da-en.html
https://www.oecd.org/en/publications/innovative-citizen-participation-and-new-democratic-institutions_339306da-en.html
https://www.oecd.org/en/publications/innovative-citizen-participation-and-new-democratic-institutions_339306da-en.html
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	Policy mix for a low-carbon food system
	Introduction
	Emissions Trading Systems (ETS)
	Voluntary Carbon Offsetting (VCO)
	Policy innovations
	Discussion and conclusions
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


