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Integrating policy targets into product environmental impact assessments:
A case study with Finnish agricultural products

Venla Kytta ©®, Hafiz Usman Ghani @, Kim Lindfors, Jaakko Heikkinen, Taru Palosuo

Natural Resources Institute Finland (Luke), Latokartanonkaari 9, FI-00790, HELSINKI, Finland

ARTICLE INFO ABSTRACT

Keywords: Political objectives aimed at reducing environmental impacts currently face challenges in effectively assessing
Sustainable production achievement at product level. Applying the principles of Absolute Environmental Sustainability Assessment
PB-LCA

(AESA, or Planetary Boundaries-based Life Cycle Assessment, PB-LCA) to these targets could be a way forward to
evaluate a product’s performance against political targets. Here, we explore the possibilities of assigning emis-
sion budgets for agricultural products based on political and scientific targets utilising the principles of PB-LCA.
We tested these principles by assessing a few Finnish agricultural products; wheat, peas, milk, and beef. First, we
identified national and EU-level political targets relevant to agricultural products produced in Finland. Then
these targets alongside scientific planetary boundary targets were translated to emission budgets for products by
first sharing the targets equal per capita and then using two different sharing principles; calorie-based and
nutrition-based. In the last step, the environmental impacts of the products were compared with the emission
budget assigned to each product. The results demonstrated that the method used to assign the emission budgets
affects the results, nutrition-based sharing leading to better performance compared to calorie-based sharing. Beef
exceeded its budget in almost all impact categories, while the results for milk and peas depended on the sharing
principle used. Wheat’s impacts were within the budget across all categories. The results show that both political
and scientific targets can evaluate a product’s sustainability performance, and comparing environmental impacts

Emission budget
Environmental targets
Sustainable food

against political targets can provide new insights for decision-makers.

1. Introduction

The escalating concerns regarding global environmental degrada-
tion, characterized by climate change, air pollution, and resource
depletion, have necessitated a strategic shift towards effective strategies
to mitigate environmental impacts. To this end, a variety of political
targets, such as the Sustainable Development Goals (SDGs), have been
set with the aim of decreasing environmental impacts and ensuring a
sustainable future (UN, 2015). Conventional environmental targets
often operate at a macro-level, lacking linkages to specific products or
supply chains where emissions are generated. For instance, the concept
of planetary boundaries outlines the global processes that maintain the
stability and resilience of the Earth system, within which humanity can
thrive sustainably (Richardson et al., 2023; Rockstrom et al., 2009;
Steffen et al., 2015). Currently, nine of these boundaries have been
assessed, and six of them have been crossed (Richardson et al., 2023).
For many of them, the food system is responsible for significant impacts,
for example in terms of greenhouse gas emissions, pollution, resource
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use, and biosphere integrity (Campbell et al., 2017). As a consequence, a
variety of scientific as well as political targets have been set to reduce
the environmental impacts arising from the food system (UN, 2015;
Willett et al., 2019). Achieving ambitious environmental targets de-
mands a transition towards a product-centred approach that compre-
hensively addresses emissions across supply chains.

Life cycle assessment (LCA) is widely used to assess the environ-
mental impacts of products throughout their life cycle (ISO, 2006). It
includes multiple environmental impact categories and is often
employed to guide decision-making processes aimed at reducing envi-
ronmental burdens. However, LCA’s relative approach only allows for
comparisons between products with similar functionalities, without
assessing the sufficiency of impact reduction in absolute terms. Recently,
this issue has led to the emergence of Absolute Environmental Sustain-
ability Assessment (AESA or Planetary Boundaries-based Life Cycle
Assessment, PB-LCA) methods within LCA (Bjgrn et al., 2016; Guinée
et al., 2022). AESA evaluates the overall environmental sustainability of
anthropogenic systems against regional or global environmental limits

Received 30 August 2024; Received in revised form 25 October 2024; Accepted 22 December 2024

Available online 24 December 2024

2666-7894/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0000-0003-3700-5959
https://orcid.org/0000-0003-3700-5959
https://orcid.org/0000-0001-7074-0440
https://orcid.org/0000-0001-7074-0440
https://orcid.org/0000-0003-4322-3450
https://orcid.org/0000-0003-4322-3450
mailto:venla.kytta@luke.fi
www.sciencedirect.com/science/journal/26667894
https://www.journals.elsevier.com/cleaner-environmental-systems
https://doi.org/10.1016/j.cesys.2024.100252
https://doi.org/10.1016/j.cesys.2024.100252
http://creativecommons.org/licenses/by/4.0/

V. Kytta et al.

or targets, such as the planetary boundaries (Rockstrom et al., 2009;
Steffen et al., 2015).

While planetary boundaries are scientifically defined limits that
mark safe operating thresholds for key Earth system processes, beyond
which environmental stability is at risk (Rockstrom et al., 2009), specific
political targets are essential for national and local environmental
impact reduction. There are, however, indications that global goals do
not effectively turn to transformative political impacts (Biermann et al.,
2022). If national policy targets are defined, they are typically set and
monitored at a sector or national level and there are no means to assess
their achievement at the product level. Recently, Clausen et al., 2024
applied PB-LCA approach using the climate change boundary and the
2019 consumption footprint of the EU 27 + UK to analyze policy targets
and strategies. Ghani et al. (2023) conducted a resource efficiency
analysis of sugarcane, linking PB-LCA with relevant LCA indicators and
SDGs. Chandrakumar and McLaren (2018) used the enhanced
Driver-Pressure-State-Impact-Response (eDPSIR) framework to classify
the indicators of planetary boundaries, LCA, and SDGs, mapping them in
a cause-effect chain, and including the area of protection in LCA. Con-
cerning planetary boundaries, the immediate global governance chal-
lenges are the interaction between Earth system science and global
policies, institutional capacity, the role of international organizations,
and framing social-ecological innovation to deal with planetary
boundaries (Galaz et al., 2012). Therefore, applying PB-LCA methods to
political targets becomes a novel approach, which could provide valu-
able insights to guide consumers, industries, and policymakers in
aligning reduction measures accordingly. Product-level information is
crucial for identifying opportunities to improve environmental perfor-
mance throughout a product’s life cycle, comparing different alterna-
tives, informing strategic decisions, and supporting marketing practices
and consumer information such as ecolabelling (ISO, 2006). Hence, the
product-level quantified assessment based on scientific or political tar-
gets would assist the relevant stakeholders in assessing the product
performance and support coherent and effective policies promoting the
sustainable production and consumption.

Here, we introduce a framework for applying the principles of PB-
LCA to political targets in addition to scientifically set planetary
boundaries, thereby bridging the gap between achieving broader envi-
ronmental goals and actions needed at the product level. The aim of the
study is to compare how political targets relate to scientific ones and
assess how using political targets, instead of planetary boundaries, in-
fluences the results and whether this approach provides new insights.
First, we outline the main principles of the framework and then
demonstrate its application by identifying relevant political and scien-
tific targets. This is followed by an evaluation of the environmental
impacts of key Finnish agricultural products representing the key
product types—wheat, pea, milk, and beef—against emission reduction
targets over various time horizons.

2. Materials and methods

The framework relies on the general principles of PB-LCA (Bjgrn
et al., 2020b; Chen et al., 2021; Ryberg et al., 2018), where the envi-
ronmental performance of a product is evaluated against the share of
safe operating space assigned for a product. For scientific targets, the
budget or assigned share of the safe operating space is calculated based
on planetary boundaries (PBs). Here, we describe the method and apply
it for agricultural production in Finland and extend the application also
for politically set environmental targets. However, for political targets, a
similar approach is used as in PB-LCA by developing boundaries and
defining the budget based on political targets and comparing them with
actual environmental impacts, but it is not PB-LCA. The procedure
contains three main steps; i) evaluating the emission budget based on
relevant scientific and political targets, ii) assigning emission budgets
for products following the chosen sharing principles, iii) assessing the
environmental impacts of the products in the impact categories relevant
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for the emission budgets chosen in step i, and iv) evaluating the envi-
ronmental impacts of the product against the assigned emission budgets.

2.1. Choice of emission reduction targets

Different environmental targets generally have similar goals — to
reduce the environmental impacts - but the magnitude, timeframes, and
objects of the reduction targets vary. For example, Europe aims to
become climate-neutral by 2050 and to pave the way to achieve this
target, a minimum of 55% cut in greenhouse gas emissions by 2030 has
been set as a milestone (European Commission, 2020) (Fig. 1). The
emission reduction targets that are relevant to the goal of the study
should be chosen depending on the case. Commonly scientific targets, i.
e., planetary boundaries, have been applied in an LCA context, but also
other relevant targets, such as political ones, could be used. The targets
should be chosen so, that they are temporally and geographically rele-
vant to the product under study. Here, we focus on the emission
reduction targets set for the food system and monitor if they are reached
on a product level.

The planetary boundaries framework has defined the safe operating
space for the activities of humankind (Rockstrom et al., 2009; Steffen
et al.,, 2015), i.e., it covers all human actions in all sectors. The
EAT-Lancet Commission has further defined the share attributed to the
global food system from the total planetary boundaries, thus creating
scientific emission budgets for the operation of the food system by 2050
(Willett et al., 2019). Here, we adopt the 2050 targets as defined by the
EAT-Lancet Commission for global warming, land occupation, water
consumption, marine eutrophication, freshwater eutrophication, and
biodiversity loss (Willett et al., 2019) (Table 1).

Several emission reduction targets for agriculture have also been set
politically, such as the targets of the European Green Deal (European
Commission, 2020). Here, we have identified the political targets set for
agriculture in Finland and in the EU. For the emission targets to be
possible to include, the targets need to be quantified, or it must be
possible to calculate the target based on the starting level and the per-
centage of reduction. For example, the Farm to Fork Strategy includes
targets to reduce the overall use of chemical pesticides by 2030 by 50%,
but as there is no information available on current usage levels, this
target cannot be adopted. The implementable targets were identified to
be the GHG emission reduction target of agricultural greenhouse gas
emissions by 29% in Finland by 2035 (Ministry of Agriculture and
Forestry of Finland, 2023) and the EU level targets of 55% GHG emission
reduction, and 20% nitrogen (N) use, and phosphorus (P) use reduction
by 2030 set in the Farm to Fork strategy (European Commission, 2020)
(Table 1).

2.2. Environmental impacts of the case study products

For the demonstration of the methods, we chose common agricul-
tural products of the Finnish food system: wheat, peas, milk, and beef.
Beef and milk are widely consumed in Finland and have significant

100 %
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Fig. 1. Illustration of different emission reduction targets and their timeframes.
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Summary of the emission reduction targets considered in this study, by Ministry of Agriculture and Forestry of Finland (2023) , European Commission (2020), and

Willett et al. (2019).

Impact category Target type Target year Geographical coverage Target quantity Unit

GHG emissions political 2035 Finland 11.36 Mt CO, eq/yr
GHG emissions (incl. LULUCF) political 2030 EU 2455 Mt CO; eq/yr
N use political 2030 EU 8 348 155 t/yr

P use political 2030 EU 882 894 t/yr

Global warming scientific 2050 Global 5 Gt CO, eq/yr
Land occupation scientific 2050 Global 13 million km?
Water consumption scientific 2050 Global 2500 Km®/yk
Marine eutrophication scientific 2050 Global 90 Tg N/yr
Freshwater eutrophication scientific 2050 Global 8 Tg P/yr
Biodiversity loss scientific 2050 Global 10 extinctions per million species-yr

environmental impacts, making their assessment crucial in the Finnish
context (Kytta et al., 2023; Saarinen et al., 2023). The production area of
wheat is not very large, but it is a key cereal for food products consumed
in Finland. Pea as a leguminous crop is important currently with acute
aims to improve nitrogen self-sufficiency. Promoting legumes as a more
sustainable alternative for meat can also help reduce environmental
impacts, and hence, peas were included in this study. Additionally, given
that cereals are a staple in Finnish diets, wheat was included in the
assessment to evaluate its sustainability. The environmental impacts
were assessed with cradle to farm gate system boundaries using eco-
nomic allocation. The environmental impacts of harvested and dried
wheat and peas produced in Finland were derived from the
Agri-footprint database (Wheat grain, dried, at farm/FI Economic; Peas,
dry, at farm/FI Economic) and the impacts of Finnish raw milk from the
World Food LCA Database (Raw milk, production mix, at farm
(WFLDB)/FI U), as these databases have data on Finnish production. For
beef, German production (Beef cattle, mixed system, live weight, at farm
(WFLDB)/DE U, World Food LCA database) was used as a proxy. The
environmental impacts per live weight beef were converted to meat
using factors provided in the guidance of the Product Environmental
Footprint (PEF) method (Zampori and Pant, 2019). Because we wanted
to study how current production relates to different environmental
targets, the possible future development of environmental impacts of the
products was not considered.

To assess the environmental impacts corresponding with the selected
emission reduction targets, the environmental impacts were calculated
using ReCiPe 2016 midpoint (H) LCIA-method (Huijbregts et al., 2017)
to assess the GHG emissions (CO3 eq), water consumption (m3), marine
eutrophication (N eq), and freshwater eutrophication (P eq), and ReCiPe
2016 endpoint (H) method (Huijbregts et al., 2017) to assess the
biodiversity impact (species.yr). Because the ReCiPe method applied
characterization factors to land use, the land use was separately calcu-
lated using a characterization factor of 1 for all land occupation since the
ReCiPe method assessed land use as crop equivalents.

2.3. Assigning the share of emission budgets for products

The most critical step of the assessment is assigning the share of
emission budgets for the products. Several different sharing principles
have been applied in previous absolute environmental sustainability
assessments (Bjgrn et al., 2020a). In a technical sense, several methods
can be used, but depending on the industry, some methods might be
more relevant than others. The sharing principles can be based on the
benefits obtained from the products, such as economic value added or
caloric content (Bjgrn et al., 2020a). Here, we have selected the sharing
principles based on the assumption that the primary function of food
products is to provide energy and nutrition for people, and we therefore
apply two alternative sharing principles: calorie-based, and
nutrition-based. Overview of the procedure to share emission budgets to
individual products is presented in Fig. 2.

The politically set environmental targets were first shared equally

Emission targets for
reduction targets for whole food system
food production (Willett et al. 2019)

L J
)

Emission budgets for
food production per
person per day

Assigning the share of Assigning the share of
emission budgets for the emission budgets for the

products based on products based on
caloric intake nutrition obtained

L J
1

Emission targets for
individual food products

Political emission

Fig. 2. Overview of the steps of the procedure to share emission budgets to
individual products.

per capita per day, by dividing the budget of Finnish targets by the
population of Finland (5 563 970 inhabitants; OSF, 2023) and the
budget of EU targets by the population of the EU (448.4 million in-
habitants; European Union, 2023), and the per capita budgets by 365
days (Table 2).

The scientific emission budgets were adopted from the EAT-Lancet
Commission (Willett et al., 2019), which have defined the share attrib-
uted to the food system from the total planetary boundaries. These
boundaries have been widely adapted as the boundaries for food system
in many other studies (e.g., Chaudhary and Krishna, 2019; Hallstrom
et al., 2022; Potter and Roos, 2021). The boundaries were downscaled
equally per capita per day, by dividing the boundary by a global pop-
ulation of 8 billion (UN, 2022) and 365 days (Table 2).

The emission budgets per capita per day were further shared for each
of the studied food products using two sharing principles, based on
calorie and nutrient contents. The calorie-based method has been pre-
viously applied also in other food PB-LCA studies, such as
(Chandrakumar et al., 2019; Ghani et al., 2023). Several other sharing
principles have also been developed, but as the differences between
these principles are extensively covered in other studies (e.g. (Bjgrn
et al., 2020a; Ghani et al., 2023), we applied only the two methods
described below.

2.3.1. Sharing based on calorie intake
The calorie-based sharing method is based on the calorie intake by
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Table 2
Emission budget for food, based on political and scientific targets, per cap per day.
Impact category Target type Target year Geographical coverage Emission budget per cap per day Unit
GHG emissions political 2035 Finland 6 kg CO2 eq
GHG emissions (incl. LULUCF) political 2030 EU 15 kg CO2 eq
N use political 2030 EU 0.007 kg N*
P use political 2030 EU 0.0005 kg P*
Global warming scientific 2050 Global 1.71 kg CO2 eq
Land occupation scientific 2050 Global 4.45 m2a
Water consumption scientific 2050 Global 856 1
Marine eutrophication scientific 2050 Global 0.00401 kg N*
Freshwater eutrophication scientific 2050 Global 0.00027 kg P*
Biodiversity loss” scientific 2050 Global 5.34E-08 species.yr

# Values of P and N application multiplied with a factor of 0.1 and 0.13 for P and N, respectively, reflecting the fraction which ends up in the environment (Huijbregts

et al., 2017), to match the budget with the LCA results.
b Boundary defined by (Wolff et al., 2017).

the use of assessed foods (Ghani et al., 2023). The daily emission budget
of food is further shared between different food products based on the
historic calorie intake per day from the assessed food in relation to the
historic total daily caloric intake. The information on the calorie supply
(kcal/capita/day) of the assessed food product and the total daily intake
were derived from the food balance statistics of the Food and Agricul-
tural Organization of the United Nations for years 2017-2022 (FAO,
2022). The food balance statistics and the calorie content of the assessed
products is presented in the supplementary information.

2.3.2. Sharing based on nutrition obtained

The nutrition-based sharing is based on the nutrient content of foods
in relation to daily recommended intakes. The nutrition provided by the
products was assessed by dividing the nutrient content of foods with the
recommended daily intake of nutrients given in the Finnish nutrition
recommendations (VRN, 2014). This score was then used to assign the
share of emission budgets for the products by multiplying the emission
budget per person per day with the nutrient index score. Following this
procedure, a value of 1 would mean that on average the product pro-
vides all the nutrients needed, and lead to assigning the whole emission
budget per person per day to the product in question.

The Finnish nutrition recommendations include recommended
intake values for 23 beneficial nutrients for 15 different population
groups. Because the nutritional requirements differ between population
groups, the average provision of nutrition (Nyeq,) of a studied product
was calculated for each population group using equation (1) (Fulgoni
et al., 2009) presented below, and then aggregated into for the whole
population as population weighted average score (values provided in the
Supplementary information).

mean —
' DRI;

nutrient i
_— 23,

Eq. (1)

Where c; is the content of nutrient i in the studied product and DRI is the
daily recommended intake of the nutrient derived from the Finnish
nutrition recommendations (VRN, 2014). The total number of nutrients
(23 in the Finnish recommendations) is denoted with n. The nutrient
contents of foods were derived from the national Food Composition
Database in Finland (Fineli) (THL, 2019). The nutrient compositions of
foods and the recommended nutrient intakes, as well as the provision of
nutrition of the assessed foods are presented in the supplementary
information.

2.4. Comparing the environmental impacts to the assigned emission
budget

The final step of the procedure is to compare the actual environ-
mental impacts of the product under study with the emission budget
assigned for the product by dividing the environmental impact by the
emission budget. Thus, values under one mean that the environmental
impact is within the assigned budget, and values over one that the
environmental impact is higher than the assigned emission budget.

3. Results
3.1. Assigned emission budgets

The emission budgets assigned for the products were somewhat
higher when assigned based on recommended nutrition provision
instead of actual calorie intake (Tables 3 and 4). The emission budgets
based on the political targets were higher than scientific targets, but also
the target timeframes were shorter for the political targets than scientific
ones.

3.2. Comparing the actual environmental impacts to political targets
2030-2035

The actual environmental impacts of wheat and peas were below the
2030 emission budget assigned to the products in all the assessed impact
categories (Fig. 3.). When using nutrition-based emission budget
sharing, the impacts of milk were below the budget in all impact cate-
gories, but when using the calorie-based sharing method GHG emission

Table 3
Assigned policy-based (2030 and 2035) emission budgets per kg of product
using nutrition- and calorie intake-based sharing methods.

Policy-based targets GHG GHG N use P use
emissions emissions (EU) (EU)
(FI) 2035 (EU) 2030 2030 2030
Product Emission kg CO, eq kg CO, eq kg N kg P
budget sharing
method
Wheat Calorie-based 5.99 16.60 0.05 0.0006
Nutrition- 13.10 35.10 0.12 0.01
based
Peas Calorie-based 6.42 17.90 0.06 0.0006
Nutrition- 12.00 32.30 0.11 0.01
based
Raw Calorie-based 1.11 3.09 0.01 0.0001
milk Nutrition- 3.24 8.70 0.03 0.00
based
Beef Calorie-based 3.50 9.73 0.02 0.0003
Nutrition- 9.51 25.60 0.09 0.01

based
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Table 4
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Assigned science-based (2050) emission budgets per kg of product using nutrition- and calorie intake-based sharing methods.

Science-based targets Climate change

Land-system change

Freshwater use Nitrogen cycling Phosphorus cycling Biodiversity loss

2

Product Emission budget sharing method kg CO4 eq m 1 kg N kg P EMSY
Wheat Calorie-based 1.83 4.76 916 0.0043 0.0003 5.72E-08
Nutrition-based 4.00 10.40 2000 0.0094 0.0006 1.25E-07
Peas Calorie-based 1.97 5.11 983 0.0046 0.0003 6.13E-08
Nutrition-based 3.68 9.58 1840 0.0086 0.0006 1.15E-07
Raw milk Calorie-based 0.34 0.88 170 0.0008 0.0001 1.06E-08
Nutrition-based 0.99 2.58 496 0.0023 0.0002 3.09E-08
Beef Calorie-based 1.07 2.79 536 0.0025 0.0002 3.34E-08
Nutrition-based 291 7.57 1460 0.0068 0.0005 9.09E-08
Environmental impactsin relation to the policy-based emission budgets
 GHG emissions (FI) 2035 m GHG emissions (EU) 2030 =N use (EU) 2030 P use (EU) 2030
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Fig. 3. The environmental impacts of assessed products in relation to the policy-based 2030 emission budget assigned to the product using nutrition- and calorie
intake-based sharing methods. The impacts below the assigned budget are the ones with values under 1 (dashed line).

(FI) and P use (EU) exceeded the budget. Beef exceeded the allocated
budget in all impact categories, except N use (EU), when using the
nutrition-based sharing method.

3.3. Comparing the current environmental impacts to scientific targets
2050

When evaluating the current environmental impacts against the
scientific targets for year 2050 more products exceeded the assigned
emission budget than in the case of political targets (Fig. 4.). The im-
pacts of wheat were below the budget in all of the assessed impact
categories, but for peas, the budgets for freshwater eutrophication and
biodiversity loss were exceeded when the emission budget was set based
on calorie intake.

4. Discussion

The interplay between production, consumption, and environmental
sustainability underscores the urgency for precise assessment mecha-
nisms that measure the performance of individual products in relation to
predefined emission reduction targets. By linking the wider sustain-
ability targets to a product level, companies can monitor their envi-
ronmental performance, and evaluate if their emission reduction
measures are enough to be in line with wider targets. Such assessments
are critical not only for enhancing the accountability of manufacturers
but also for facilitating informed consumer choices and guiding policy
formulation towards sustainability. The results obtained from the pro-
cedure presented in this study demonstrate a potential approach for
companies to monitor and evaluate the environmental performance of
their products. By quantifying emission reductions and aligning them
with broader environmental targets, businesses can enhance their sus-
tainability efforts and ensure compliance with national, international

Environmental impacts in relation to the science-based 2050 emission budgets
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Fig. 4. The environmental impacts of assessed products in relation to the science-based 2050 emission budget assigned to the product using nutrition- and calorie
intake-based sharing methods. The impacts below the assigned budget are the ones with values under 1 (dashed line).
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and industry-specific environmental goals. This aligns with the growing
demand for transparency and accountability in corporate environmental
performance (European Commission, 2024). From companies’ internal
operational perspective, the proposed procedure can serve as a tool for
continuous improvement, helping companies identify where emissions
are generated and how they could be reduced. This allows businesses to
not only meet regulatory requirements but also set ambitious targets. In
addition to internal use, assessment anchoring the environmental per-
formance of the product to some wider targets could serve as a basis for
consumer communication, such as labelling. Labels grounded in recog-
nized environmental targets could be more transparent and easier to
communicate and understand than rating systems with absolute or
relative impact scales.

As demonstrated in this study, both the political and scientific targets
can be used to evaluate the sustainability of a product. The political
targets usually have a shorter timeframe, or they include mid-term
targets, which can act as milestones on a way towards greater emis-
sion reductions. Political targets are also usually more geographically
limited than planetary boundaries, and thus they can be aimed at issues
that are of high importance for the area in question. Therefore, evalu-
ating the environmental impacts against political targets can bring new
information on aspects that are a point of interest in the decision making
in this specific context. While planetary boundaries provide a global
framework for understanding environmental limits, they may not fully
reflect the regional dynamics and localized conditions of processes like
land use, freshwater use, and nutrient cycles. Downscaling global
planetary boundaries to the regional level may not always align with
local realities, as regional processes are influenced by distinct biophys-
ical and socio-economic factors. Policy targets tailored to these specific
regional contexts would likely result in more precise and effective
management of environmental pressures and could serve as a relevant
monitoring tool for local companies, ensuring more context-appropriate
sustainability efforts.

Whether emission reduction targets are based on scientific principles
or political state of will, setting a target itself is a step towards taking
action. However, the extent of political targets can be rather limited, as
most of them focus, for example, only on climate impacts, nor do they
provide clear numeric targets which could be utilized for assigning
emission budgets for products, for example, 50% reduction of the use of
chemical pesticides by 2030 in Farm to Fork Strategy. Considering
several different environmental impact categories can provide more
holistic view on the areas of improvement, as emissions in one category
can be within the budget while exceeded in another. Based on the as-
sessments done in this study, the categories related to GHG emissions,
phosphorous, and biodiversity are the most critical ones, and their
budgets were exceeded more easily than those in other categories. This
result aligns with the fact that these categories are assessed to currently
be the planetary boundaries with the highest pressures (Richardson
et al., 2023), which shows that the PB-LCA is able to highlight the most
critical issues when assessing the environmental sustainability of a
product.

The product level results obtained in this study are in line with the
previous studies showing that shift in the Finnish diets towards a more
plant-based consumption would lead to a lower environmental impacts
without compromising the nutrient intake (Kytta et al., 2023; Saarinen
et al., 2023). Within the products assessed in this study, wheat and peas
performed better than milk and beef. The environmental impacts of the
animal source foods were higher than the ones of plant-based foods, but
also the emission budgets assigned for milk and beef were lower than the
ones for wheat and peas. Hence, the animal source foods exceeded the
emission budgets, especially when the emission budget was set based on
calorie intake. It is important to notice that the results of this type of
analysis should not be interpreted as meaning that no improvement of
environmental performance of the products already within the targets
should be made. From a holistic perspective it may still be cost efficient
to seek for further improvements also from the production chains that
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are already performing well.

As indicated in this study, the results are dependent on the method
used to share the emission budget to the products. The different methods
to share the safe operating space to products in PB-LCA have been
studied previously (Bj¢rn et al., 2020a, 2020b; Ryberg et al., 2020; Teah
et al., 2016) and the fact that the boundaries of “absolute sustainability”
are also relative is acknowledged (Guinée et al., 2022). The common
practice is to apply more than one method to show and test the sensi-
tivity of results depending on the sharing method (e.g. Chandrakumar
et al., 2019; Ghani et al., 2023; Mahmood et al., 2023). Here, we have
applied two different methods, which have very different starting points.
The sharing based on calorie content considers the historic calorie intake
from the assessed foods and assumes that the same share of calories is
obtained from the foods also in the future. This principle leads to
favouring products that are currently consumed in high amounts. In
turn, the nutrient content sharing method is based on the recommended
intake of nutrients, and thus favours foods that fulfil a larger share of the
daily recommended nutrient intakes, i.e., it gives weight to products that
should be favoured also from the health point of view. As the choice of a
sharing principle unavoidably affects the results, it is of high importance
to choose the method based on the relevance in the context of the study.
To ensure accuracy, it’s recommendable to test the sensitivity of the
results using additional methods and clearly communicate the chosen
methods.

5. Conclusions

A framework was developed following the basic principles of plan-
etary boundary-based life cycle assessment approach to assess the
environmental performance of wheat, peas, milk, and beef of Finnish
food system based on the political and scientific targets. The results
showed that when considering both future political targets and scienti-
fic, the plant-based products, here wheat and pea, were already within
their allocated budgets for almost all impact categories with both calorie
and nutrition based sharing principles. Beef exceeded its budget in
almost all impact categories when considering both political and sci-
entific targets and in the case of milk, the result is highly dependent on
the sharing principle.

The selection of sharing principles is subjective, calorie and nutrition
based principles were adopted in this study but other principles such as
economic principles could be used for a more complete assessment. The
results are sensitive to what sharing principle is used, as demonstrated in
this study.

This study demonstrated that, in addition to planetary boundaries,
political targets can effectively serve as a basis for setting emission
reduction targets for individual products. The method presented pro-
vides a valuable tool for tracking and evaluating the environmental
performance of products over time, allowing for an assessment of how
their impacts evolve as we approach the target years of various emission
reduction goals. While planetary boundaries offer a global perspective,
regionalized policy targets could be more suitable for addressing local
environmental conditions, providing relevant monitoring tools for local
operators. The developed framework would also support the coherent
and effective product policies, enabling the product performance eval-
uation in meeting quantified targets—whether scientific, political
(global, regional, national, or local), or at the company level.

In conclusion, this study highlights the importance of target driven
studies in guiding efforts towards sustainable food production and
consumption. By integrating holistic metrics, assessing multiple impact
categories, and considering the entire life cycle of food products, we can
develop more targeted strategies to mitigate environmental impacts and
enhance the resilience of food systems. However, to effectively evaluate
and refine the framework outlined, testing with real-life products and
user needs is essential.
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