
Sustainable Diets  
The complex nexus of food, health and climate 

Dr Sinéad McCarthy 
Teagasc Food Research Centre, Ashtown, Dublin 15 

 
 

University College Cork 
December 2019 



Climate change, health  & the food system 

 Human health influenced by food consumption 
 Planetary health impacted by food consumption 

 
 

 Food consumption contributes towards 30% of total EU GHG emissions 
(EC, 2006) 

 Food consumption therefore has a strong effect on the climatic impact of 
the food system 

 Need for sustainable consumption and production of food while getting the 
balance correct for health  
 



Sustainable diets 

 FAO calls for the recognition that the health 
of humans cannot be isolated from the 
health of ecosystems. 
 

 Sustainable diets have been defined as: 
  

“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 and respectful 
of biodiversity and ecosystems, culturally 
acceptable, accessible, economically fair 

and affordable; nutritionally adequate, safe 
and healthy; while optimizing natural and 

human resources”  
 

FAO, 2012 



Complexity of sustainable and healthy diets 
 Diets are composed of individual foods that are 

aggregated to form dietary patterns  
 Trade-offs of one food for another can make 

adherence to certain nutritional requirements more 
difficult 

 
 Healthy diets are not necessarily lower in GHGEs 

 
 It is often assumed that plant based diets are 

beneficial for both heath and the environment 
 

 Making recommendations on sustainable diets is 
complicated: 
  Many foods which are particularly low in emissions 

are energy-dense  and have a poor nutritional profile 
 

 Therefore, diets beneficial for the environment 
could lead to diminished nutrient intakes 



Sustainability vs. health  credentials  

 
 
 
 

2 kgCO2 per kg of beverage 

9kg CO2 per kg cheese 
vs. 

3kg CO2 per kg chocolate 

13kg CO2 per kg  bolognese 
vs. 

5kg CO2 per kg pizza 



IS THE IRISH DIET SUSTAINABLE? 
 

Hyland, J.J., Henchion, M., McCarthy, M. and McCarthy, S.N.  
The climatic impact of food consumption in a representative sample of Irish adults and implications for food and nutrition policy. Public health nutrition 2017.  

Dietary emissions patterns and their effect on the overall climatic impact of food consumption. International journal of food science & technology 2017.  



Methods 2: GHG emissions calculations  
 Life cycle analysis (LCA) 

− Considered production - consumer waste 
 

 Food groups of similarity were categorised together to form 16 
summary food groups for ease of analysis. 
 

 Cluster analysis was subsequently used to identify patterns in GHGE 
production and dietary patterns 
 
 

 #Emissions factor assigned to each of the 67 food groups 
 

 
 

# GHGE conversion factors for food were drawn from: Green et al. (2015); Heller and Keoleian (2015); Finnegan et al., (2015) 

 



Mean daily food intake, energy intake & GHGEs 

    Food intake Energy intake GHGE 

  n (kg/d) (MJ/d) (kg CO2eq/d) 

Male 470 3.34 11 7.85 

Female 490 2.67 8 5.27 

Total 960 3.01 9 6.53 



Dietary patterns & emissions in Irish adults 

Three distinct patterns of dietary emissions based on emissions from food consumption  

9 kg/day 
 

6 kg/day 
7.4 kg/day 

 

5 kg/day 
 

7.7 kg/day 
 

5 kg/day 
 



Mean GHGEs from food groups across clusters 

Male (n = 470) Unsustainable   Nutritionally 
Sustainable 

Culturally 
Sustainable 

Food Groups x̄ %     x̄ %   x̄ %  
Red meat 2131 21   1603 19 2263 28 
Dairy  607 7   925 12 877 12 
Starchy staples  657 8   817 11 764 11 
Eggs, poultry, pork 707 8   735 10 680 10 
Alcoholic drinks 1749 18   328 4 605 8 
Processed meat 685 8   248 3   327 5 
High sugar snacks 168 2   385 5 306 5 
Fish 96 1   486 7 212 3 
Savoury snacks 606 7   188 3 142 2 
Carbonated beverages 489 6   180 2 165 2 
Vegetables 36 0.4   111 2 56 0.8 
Fruit  28 0.3   155 2 54 0.8 
Legumes, pulses, nuts 40 0.5   82 1 40 0.6 
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Vegetables 36 0.4   111 2 56 0.8 
Fruit  28 0.3   155 2 54 0.8 
Legumes, pulses, nuts 40 0.5   82 1 40 0.6 
                     

Daily total (kg CO2eq) 9.0     7.7   7.4   



HEALTHY & SUSTAINABLE DIET  



Authors Study type Outcome/recommendations 

Vieux et al. (2012) Habitual diet based on 
French national nutrition 
survey 

Greenhouse gas emissions associated with quantity and 
calorific intake. Replacing fruit and vegetables for meat 
not the best approach to reducing dietary emissions. 

Hyland et al. (2017) Habitual diet based on Irish 
national nutrition survey 

There was no significant difference in the total emissions 
of the highest red meat consumers and the lowest red 
meat consumers 

Masset et al. (2014) Habitual diet based on 
French national nutrition 
survey 

The main factors that were identified to have a more 
sustainable diet which were lower in GHGE: reduced 
energy intake and reduced energy density 

Wilson et al. (2013) Modelling study based on 
diets which meet New 
Zealand nutrient 
recommendations 

Vegan diets resulted in slightly higher emissions than 
other ‘low emitting diets’. There was a trade-off between 
increased daily food cost and consuming food 
associated with lower emissions 

Hendrie et al. (2016) Australian Health Survey 
data on food consumption 
integrated with an input–
output model 

The most effective strategy to reduce emissions is to 
focus on diet quantity, in terms of eating to one’s energy 
needs, and diet quality, by consuming adequate core 
foods and less discretionary foods. 

Macdiarmid et al. 
(2012) 

Diets modelled to meet UK 
dietary recommendations 

A sustainable diet that meets dietary requirements for 
health with lower emissions can be achieved without 
eliminating meat or dairy products. 

Is a diet free of animal protein more sustainable? 



Is a diet free of animal protein more sustainable? 

A sustainable diet that meets dietary 
requirements for health with lower emissions 
can be achieved without eliminating meat or 

dairy products 

…need for a more holistic approach to reducing 
dietary emissions rather than focusing solely on 
lowering meat consumption… 



Achieving health & sustainability (Horgan et al, 2016) 

 Reducing the GHGE via food production methods may not be sufficient 
 Diets will also have to change 

 Challenges in achieving dietary change 
 Changing behaviour is often undesirable  
 Challenging in the current food environment 
 Fails to take account of the multifaceted nature of eating from 

social aspects, habits, preferences, cultural and social norms 
 

 Are there minimum food and dietary changes individuals can make to 
achieve both sustainability and health???? 



 UK – NDNS – 4 day food diary  
 Modelled individual diets until health, sustainability or both 

achieved by  
 Modifying the amount of food currently consumed 
 Add new foods to existing diet 
 Add new foods and change existing consumption  
 Removal of foods from the diet 

 

Achieving health & sustainability 
How much change required in the UK diet 

 (Horgan et al, 2016) 



 Modifying the amount of food currently consumed 
 7.5% achieving healthy diet 
 4.6 achieved a sustainable diet 
 Add new foods to existing diet   
 59% achieve a healthy diet 
 53% achieved a sustainable diet 
 (approx 5 new foods – oily fish most common) 
 Add new foods and change existing consumption  
 50% increase in 7-10 new foods and/or 75% reduction resulted in 
 >95% achievement in both diets 
 Removal of foods from the diet 

 50% change in current consumption and up to 24 food items removed = 
 100% achievement for both health and sustainability 

 

Achieving health & sustainability 
How much change required in the UK diet 

 (Horgan et al, 2016) 



STRATEGIES TO BE MORE 
SUSTAINABLE 



Sustainable Strategies 

 Adopt the EAT global diet 

 Sustainable food production  

 Eating to meet requirements 

 Reduce Food Waste 



EAT Global diet  
 Significant reliance on behaviour change 
 Changes of land use 
 Additional fertilizer inputs 
 Matching calorie vs. protein intake? 
 To achieve parity for protein from red meat will 

require >3 times the amount of lentils or soya 
beans would need to be consumed, resulting in 
higher calorie intake.  

 



Macronutrient content per 100g of 
beef, lentils and soya beans 

 100g Beef  32g protein, 172 calories,  3500 gCO2eq 
 400g Lentils  32g protein, 400 calories,       600gCO2eq 
 200g Soya  28g protein, 282 calories,       240gCO2eq 

              

Beef, sirlion, lean Lentils boiled Soya beans boiled 
Nutrient per100g  % of RDA per100g  % of RDA per100g  % of RDA 
Protein (g) 31.5 73.3 7.6 30.4 14.0 39.7 
Fat (g) 5.1   0.4   7.3   
Carbohydrate (g) 0.0   17.5   5.1   

Energy (kcal) 172   100   141   



Is there an appetite for  
dietary change? 



Reduce Food Waste 

  

FAO 
Global Food Data 

2015 



Sustainably Produced Food 

88% of emissions 12% of emissions 

Per kg of beef:               31kg CO2 4kg CO2 



Eating to meet requirements 
 Excess Energy In = Excess Carbon Out 
 Excess Energy In = Excess Body Weight 

 

 Eating beyond out estimated energy requirements can be 
considered a form of food waste that contributes not only to 
climate changed but also to public health issues such as 
obesity  
 



Energy requirement,  intake and GHGEs across consumers 
with energy  intake comparable to requirement and higher 

than requirement  

  Acceptable 
(EI=EER)  

High 
(EI>EER)  Difference    

  n =128 n =151          

Mean daily intakes Mean Mean  High - 
Acceptable 

 % 
difference 

Est. Energy Requirement 
(kcals) 2325 2404   79 3.4 

Energy (kcals) 2310 2843 533 23.1 
Total food (g/d) 3042 3414   372 12.2 
Total GHGE( gCO2eq/d) 6638 8228 1590 23.9 
Protein (g/d) 91 110   19 20.4 
MDI Fat (g/d) 92 113 21 23.4 
Carbohydrate (g/d) 261 320   59 22.7 
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Eating to meet requirements 
 Excess Energy In = Excess Carbon Out 
 Excess Energy In = Excess Body Weight 

 

 Eating beyond out estimated energy requirements can be 
considered a form of food waste that contributes not only to 
climate changed but also to public health issues such as 
obesity  
 

 Those consuming beyond their ER generate 
 25% more emissions = 1.5kg CO2 per day 
 500kcals per day = 14kg weight gain per year (McCarthy, 

2018) 

 



FAO, 2014 

 
Farm to Fork Approach  

& 
Sustainable Diets 

 

Requires many disciplines to come together and changes in one 
aspect can have both negative and positive knock on effects 

http://www.google.ie/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=&url=/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=&url=https://twitter.com/fao/status/953743764375461888&psig=AOvVaw2uuoWq_n-m-1GdnUhybFnA&ust=1574183566004415&psig=AOvVaw2uuoWq_n-m-1GdnUhybFnA&ust=1574183566004415


EU and National Research Projects 

H2020 DAFM 

Development of  
Sustainable and Healthy  

Food-based Dietary Guidelines 



Developing REALISTIC AND ATTAINABLE  
strategies for increased sustainability 

 Adopt  plant-based diet 
 Will result in a lower diet 

related CO2 footprint 

 Learn to live more sustainably  
 Will decrease CO2 by more 

than 50% 
 Decrease population growth 

rate 
 Send men to live on Mars 

and return when 
sustainable skills acquired  
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