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ABSTRACT
The fulfilment of commitments to international agreements that relate to

these baskets will be developed and tested for acceptability in schools. Lastly,

sustainable development requires fundamental changes in food consumption.

challenges in the implementation of climate-friendlier school meals will be

This project aims to promote healthy and sustainable dietary habits in Sweden

studied. Currently, the collection of data on dietary habits and school meal

through optimized school meals.

quality has been finalized. Preliminary optimization analyses have also been

Several studies are planned. The first is an analysis of children’s dietary intake

performed.

in relation to school meal quality. The second is a modelling study where

This project has the potential to contribute to more sustainable procurement

nutritious, affordable and theoretically acceptable food baskets, optimized

and consumption patterns, a more efficient use of public resources, and to

for low emissions of greenhouse gases, are developed. Menus based on

fulfilment of the 2030 Agenda for Sustainable Development.
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INTRODUCTION
The OPTIMAT – or the optimization of food – project
commenced in 2016 and focuses on improving future diets in
Sweden; one of the biggest contemporary challenges to both
human health and the environment. Poor dietary habits are
the number one contributor to the loss of Disability-Adjusted
Life Years (DALYs) globally and in Sweden, increasing the
risks for cardiovascular diseases, diabetes and cancer (1). In
addition, our food choices drive food production systems that
impose a heavy environmental burden (2). The global food
system contributes to approximately 25% of all anthropogenic
greenhouse gas emissions (GHGE) – a major driver of climate
change – and contributes to deforestation, the exploitation of
land and freshwater, nitrogen cycle disruption, and the loss of
biodiversity (3). As populations grow and become wealthier and
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increasingly urbanized, food choices shift towards resourceintensive and greenhouse gas-emitting foods of animal origin
(4). Hence, a commitment to international agreements related
to sustainable development, such as the 2030 Agenda for
Sustainable Development (5), will necessitate fundamental
changes in both what and how food is produced and consumed.

WHAT ARE SUSTAINABLE
DIETS?
In 2012, the Food and Agriculture Organization (FAO)
(re-)established the concept of sustainable diets and described it
as: “[…] those diets with low environmental impacts which
contribute to food and nutrition security and to healthy life for
present and future generations. Sustainable diets are protective
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and respectful of biodiversity and ecosystems, culturally acceptable,
accessible, economically fair and affordable; nutritionally
adequate, safe and healthy; while optimising natural and human
resources” (6). Although the definition suggests that these
different dimensions of a sustainable diet are synergistic, this is
often, but not always, the case; for example, sugar is good for the
climate but not for health (7, 8). Hence, trade-offs are unavoidable
when aiming for healthy and environmentally sustainable diets.

HOW DO WE GET THERE?
Most previous studies investigating the relationship between
people’s food consumption patterns and environmental
parameters have evaluated the impact of current diets (9–14),
while others have made attempts to model and discuss the
trade-offs between nutritional adequacy and environmental
sustainability (15–18).
Transforming people’s diets will require future consumers to
be both well-informed and responsible, as well as having better
access to affordable, nutritious and health-promoting foods
that are also sustainable. As concluded by the European Live
Well for Life project, consumers can be guided towards more
sustainable consumption patterns by national dietary guidelines
reflecting sustainability, green public procurement policies,
and information campaigns (19). Neto et al. have recently
reviewed 23 green public procurement schemes from different
regions of Europe (20), and the EU has established non-binding
procurement criteria for food and catering which are currently
being revised (21).

THE POTENTIAL OF SCHOOL
MEALS
Improving the school food environment may be effective in
improving children’s eating behaviours (22), and eating
a balanced school lunch has been shown to contribute to
healthier overall eating patterns outside school (23). By
introducing children to healthy and environmentally sustainable
school meals from an early age it is possible to improve children’s
understanding of sustainable development and to adapt their
diets in the short and long term, to their benefit and that of the
planet. A study from England has suggested that a change to
school meals, defined by a low level of salt, free sugars and
saturated fat, could lower GHGE by as much as 24% (24).
Due to their reach and scale, Swedish school meals hold great
potential to positively influence children’s dietary patterns as
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well as a significant portion of the food procured by the public
sector. Each day, all 1.3 million primary school children are
served a fully subsidized school lunch. School meals are generally
of high quality in Sweden (25). However, there is still room for
improvement: when it comes to certain nutrients, with respect
to how the school meal is served and integrated within teaching,
and how schools limit environmental impact (26).

OPTIMIZING SCHOOL MEALS
WITH LINEAR PROGRAMMING
It is clear that there are many benefits to be gained if school meals,
like other public meals, could be optimized simultaneously for
environmental impact and nutritional quality. In addition, school
meals must adhere to strict budget limitations and ultimately
be acceptable to students. One method of approaching this
challenge is through linear programming which is an algorithm
for maximizing or minimizing a given linear objective function
subjected to a set of linear constraints (27). Using this algorithm,
school meals can be optimized for minimal environmental
impact while constraints such as nutritional adequacy, cost and
acceptability are still met. A number of studies have included
multiple constraints in an attempt to identify healthy diets with
low environmental impact (15–18), but to the best of the authors’
knowledge, none have studied children’s diets in particular
nor attempted to optimize school food, and none have, so far,
attempted to test the adoption of such diets by consumers in
practice.

AIM AND METHODS OF THE
OPTIMAT PROJECT
The aim of the OPTIMAT project, running from 2016–2021,
is to optimize the composition of school meals in Sweden. The
project aims to answer the research question: to what extent can
school meals be improved from a nutritional and environmental
perspective while still being acceptable to students and
affordable to schools? Four related studies are planned. The first
is an analysis of children’s current dietary intake, performed
as part of the Riksmaten Ungdom national survey carried
out by the Swedish National Food Agency and involving
a representative sample of more than 3000 adolescents (29). The
importance of school meal quality for children’s overall diets
will be examined. Quality will be assessed using our web-based
tool SkolmatSverige, covering six domains: choice, nutritional
quality, safe food practice, service aspects and pedagogical
integration, environmental impact, and organisation/policy
issues (30). The second study will utilise linear programming
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(31) to develop nutritious, affordable and acceptable so-called
food baskets, optimized for low GHGE. Although GHGE are
just one aspect of environmental sustainability, they are used
here because this is the parameter for which the most complete
data is available. In addition, we will use a GHGE database
specific to the Swedish context, developed by the Swedish
Research Institute (RISE). We will use actual procurement data
from schools containing information on current food volumes,
cost and seasonality, and couple this to the national nutritional
database and the GHGE database. Four-week school meal plans
will be developed in collaboration with chefs and municipalities,
based on the optimized food baskets. In the third study, these
meal plans will be tested in schools in a quasi-experimental
intervention study and evaluated with regard to nutrient intake
and acceptability by students, measuring food waste and other
outcomes. The fourth study is a qualitative study including
interviews with the students and school kitchen managers in
order to identify barriers and facilitators for the implementation
of climate-friendlier school meals.

CURRENT STATUS
Several international experts in the field have agreed to join
a reference group for the project and will advise throughout the
project.
At the time of writing, the dietary assessment has been completed
and school meal quality has been assessed in a number of schools.
A method for measuring plate waste and lunch consumption is
available for all schools (32). A list of foods procured by three
typical schools over one entire school year has been collected
and the linear programming methodology has been applied.
Preliminary results indicate that only a few nutrient demands
are actively constraining the reduction of GHGE from the school
meals, and that reductions in GHGE of up to 50% are achievable
without compromising nutritional value. Linear programming
seems to be a suitable tool to minimize GHGE while observing
multiple constraints.

ASPIRATIONS
Once the resulting food baskets have been converted into
school meals acceptable to students and schools, this project
will contribute to reducing GHGE from school meals without
compromising nutritional quality, foster environmental
consciousness in the next generation, and result in more
sustainable school meals. The results from this project should be
of interest and relevance to other countries facing comparable
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challenges and help Sweden to achieve the European Union’s
40% target for GHGE reductions by 2030 (32).
Sources of funding: This project is supported by The Swedish
Research Council for Environment, Agricultural Sciences and
Spatial Planning (Formas).
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Organization.
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