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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

This study quantified the carbon footprint (CF) and water footprint (WF) of primary school meals served in England. The 
contribution to the total impacts of different food groups was analysed: meat dishes were responsible for 52% of the total CF and 
38% of the total WF. Chocolate desserts contributed 19% of the total WF. One fifth of the impacts were associated with the 
production of plate leftovers. Win-win strategies that achieve a reduction in both impact categories were identified. These results 
have implications for policies promoting sustainability in the public food sector.  
© 2017 The Authors. Published by Elsevier Ltd. 
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Resource Use in Food Chains. 
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1. Introduction 

Food consumption is the main driver of land use (38% of the terrestrial surface is used for agriculture and 70% of 
land suitable for growing food is already in use) and of water use (70% of freshwater withdrawals are used for 
irrigation) [1, 2]. Agriculture is responsible for 30-35% of anthropogenic greenhouse gas emissions, mainly due to 
deforestation, direct emissions from fertilised soils, livestock rearing and rice cultivation [2]. In return, climate change 
affects agricultural productivity through rising temperatures and unpredictable extreme weather events [3]. Without a 
change to current trends, externalities of food production will be exacerbated in future decades by further pressures 
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due to population growth and increasing living standards (which are responsible for a global dietary transition towards 
diets high in meats, processed food, refined sugars and refined fats) [4, 5]. 

Not all food types carry the same environmental burden. In terms of greenhouse gas emissions for instance, it is 
well-known that meat and dairy products present higher emissions than plant-based products. At the same time, diets 
that exclude an adequate intake of fruit, vegetables, nuts and seeds, coupled with a high consumption of red and 
processed meat, have been shown to be one of the major causes of non-communicable diseases [6]. For these reasons 
there is widespread agreement across the academic community that there is a major potential for dietary changes to 
reduce the environmental impacts of food production whilst improving health [6-8]. 

Governments can use a range of instruments to promote dietary change; these include, but are not limited to: 
removing subsidies for animal-sourced foods that cause distorted food prices in high income countries; introducing 
carbon taxes on food products; integrating environmental priorities into dietary recommendations; and providing 
information-oriented tools [6, 9]. One of the means by which governments can enhance sustainable consumption is 
by using the leverage of the public food sector (schools, hospitals, universities, care homes, etc.) in setting a ‘best-
practice’ example for consumers and citizens and therefore operating as a driver of change [10]. The nudging power 
of such a strategy is particularly strong within the education sector, where issues on food and nutrition can also be 
included in the curriculum, using the school meal as a system of social learning [11]. 

This study aims to assess the environmental impact of primary school meals in England, with the purpose of 
identifying reduction measures to this end. Therein water use and greenhouse gas emissions are used as indicators of 
environmental impacts. The baseline data used to analyse school meals in England is the Primary School Food Survey 
(PSFS), conducted in 2009 by the School Food Trust in 136 primary schools across the country [12].  

A recent analysis conducted by Wickramasinghe et al. [13] was used to assess the contribution to climate change 
and the nutritional quality of school meals served in England. Whilst its aims were broadly similar to the work 
presented here there are, however, a number of different methodological choices, and consequent variations in the 
results which are contrasted and compared to our results herein. Moreover this paper considers an additional indicator 
of water use. Taken in combination this ensures the originality and contribution to knowledge of the work presented 
in this paper. 

2. Methods 

A two-step methodology was used to assess the impacts on climate change and water use of the school meals served 
in England. In the first step (Section 2.1) the  life cycle greenhouse gas emissions and water use (metrics discussed in 
the next section) associated with 1kg of food products at the arrival at a generic school kitchen in England were 
calculated for a list of 110 products commonly used in the preparation of school meals in this country. These values 
were obtained using life cycle assessment (LCA) and water-footprint studies. In the second step (Section 2.2) the data 
recorded in the PSFS was analysed to extract information regarding school meals composition, the weight and energy 
content of servings and the weight of plate leftovers and this information was used to calculate the impacts associated 
with the school meals recorded. 

2.1. Environmental impact assessment metrics and calculation  

Greenhouse gas emissions were measured using the indicator of carbon footprint (CF), measured in kg CO2 
equivalent, which quantifies how much heat each greenhouse gas (CO2, N2O and CH4) traps in the atmosphere when 
compared to the amount of heat trapped by CO2 for a time horizon of 100 years [14]. The CF from cradle-to-delivery 
to school kitchens was calculated by adding two components: the CF of production and the CF of transport. The 
former component  was obtained through a review of LCA literature where the CF of 1kg of each food item calculated 
from cradle to farm gate (or factory gate for processed items) was extracted (as explained in [15]). The later component 
was calculated separately based on the country of production and on the transport mode [15]. For all food items that 
can be produced in the UK, this was assumed to be the chosen point of origin. In all the other cases (e.g. fruits that 
cannot be grown in the UK in any season) the country of origin was chosen as the country that is the main supplier of 
that food item to the UK.  
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due to population growth and increasing living standards (which are responsible for a global dietary transition towards 
diets high in meats, processed food, refined sugars and refined fats) [4, 5]. 

Not all food types carry the same environmental burden. In terms of greenhouse gas emissions for instance, it is 
well-known that meat and dairy products present higher emissions than plant-based products. At the same time, diets 
that exclude an adequate intake of fruit, vegetables, nuts and seeds, coupled with a high consumption of red and 
processed meat, have been shown to be one of the major causes of non-communicable diseases [6]. For these reasons 
there is widespread agreement across the academic community that there is a major potential for dietary changes to 
reduce the environmental impacts of food production whilst improving health [6-8]. 

Governments can use a range of instruments to promote dietary change; these include, but are not limited to: 
removing subsidies for animal-sourced foods that cause distorted food prices in high income countries; introducing 
carbon taxes on food products; integrating environmental priorities into dietary recommendations; and providing 
information-oriented tools [6, 9]. One of the means by which governments can enhance sustainable consumption is 
by using the leverage of the public food sector (schools, hospitals, universities, care homes, etc.) in setting a ‘best-
practice’ example for consumers and citizens and therefore operating as a driver of change [10]. The nudging power 
of such a strategy is particularly strong within the education sector, where issues on food and nutrition can also be 
included in the curriculum, using the school meal as a system of social learning [11]. 

This study aims to assess the environmental impact of primary school meals in England, with the purpose of 
identifying reduction measures to this end. Therein water use and greenhouse gas emissions are used as indicators of 
environmental impacts. The baseline data used to analyse school meals in England is the Primary School Food Survey 
(PSFS), conducted in 2009 by the School Food Trust in 136 primary schools across the country [12].  

A recent analysis conducted by Wickramasinghe et al. [13] was used to assess the contribution to climate change 
and the nutritional quality of school meals served in England. Whilst its aims were broadly similar to the work 
presented here there are, however, a number of different methodological choices, and consequent variations in the 
results which are contrasted and compared to our results herein. Moreover this paper considers an additional indicator 
of water use. Taken in combination this ensures the originality and contribution to knowledge of the work presented 
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in England. In the first step (Section 2.1) the  life cycle greenhouse gas emissions and water use (metrics discussed in 
the next section) associated with 1kg of food products at the arrival at a generic school kitchen in England were 
calculated for a list of 110 products commonly used in the preparation of school meals in this country. These values 
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former component  was obtained through a review of LCA literature where the CF of 1kg of each food item calculated 
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