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Sustainable Healthy Diets: 
new definition WHO/FAO (2019)

§ “Sustainable Healthy Diets are dietary 

patterns that promote all dimensions of 

individuals’ health and wellbeing; have low 

environmental pressure and impact; are 

accessible, affordable, safe and equitable; 

and are culturally acceptable.

§ …. And support the preservation of 

biodiversity and planetary health.”



How to incorporate
sustainability into dietary

guidelines? 
4 approaches

1. Additional 
rules

2. 
Demonstrate

synergies

3. 
Optimisation

modelling

4. SDGs as 
outcome



‘The Diet Problem’
For a moderately active man weighing 154 pounds, how much of each of 77 foods should be eaten on a daily basis so that the 

man’s intake of nine nutrients will be at least equal to the recommended dietary allowances (RDAs) suggested by the National 

Research Council in 1943, with the cost of the diet being minimal?

1943, George Stigler 1947, George Dantzig

Linear programming: Simplex method



Looking for the
optimal ‘green’ 
solutions

• Constraints on nutrients
(healthy)

• Constraints on 
environmental impact 
(sustainable)

• As close as possible to the
current diet



Range of diets

(van Dooren, 2018)



Acceptability constraints versus reduction goal
‘As close as possible to current diet’

(Tyszler et al, 2015)



(Frontiers in Nutrition, van Dooren, 2018)

§ 52 studies (2000-2016).

§ 12 studies that applied ecological constraints (3 with Optimeal).

§ Weaknesses: a small number of food items and/or nutritional constraints.

§ Introducing acceptability constraints is recommended (but no study has provided the 

ultimate solution to calculating acceptability).



Increase in diet studies looking at environmental and acceptability constraints

(van Dooren, 2018)



Available linear programming models
§ Optimeal in Matlab Compiler 7.16 (Blonk 

Consultants, NL).

§ Microdiet System, 1990 (Fletcher, UK)

§ spreadsheet programmes provide a simple, 
free solver function for LP

§ Excel “Nutrisurvey” free (Briend, 2003)

§ SAS (Version 8.02) + Excel SOLVER developed 

by Frontline Systems (Gao, 2006)

§ LINGO Hyper (10.0, LINDO Systems Inc., USA)

§ R 2012 through a GNU Linear Programming Kit 

+ IpSolveAPI package (or “Rglpk”)

§ MS Nutrition Excel + Apps (Vieux, 2014, France) 

-> FAO diet optimisation package for food 

based dietary guidelines + Diet optimisation on 

FAO/WHO GIFT platform data (2019)





Thrifty Food Plan USA (since 1975)

(2009)





Women: -43% GHGE & - 23% costs



Men: - 54% GHGE & - 40% costs





“Through applying the method of linear programming,
it is possible to calculate an optimal diet for the Low Lands with a short cultural 
distance, that is, as healthy as and more sustainable than a transition to more 
foreign European diets (Mediterranean, New Nordic).”



Low Lands Diet: historical (1900-1940) & optimised

historical Low Lands diet optimized Low Lands diet 
350 g potatoes 350 g potatoes 
180 g vegetables (leafy, roots, cabbages) 215 g vegetables (ext ra let tuce and kale) 
145 g f ruits (apple, pear, berries) 277 g f ruits (ext ra pear) 
18 g legumes 51 g legumes 

 
24 g nuts 

35 ml soup 35 ml soup 
210 g rye and wheat  bread (6 slices) 210 g rye and wheat  bread (6 slices) 
30 g rice and 10 g other grain products 10 g other grain products 
2 port ions porridge incl. 250 ml but termilk 2 port ions porridge incl. 325 ml skimmed milk 
150 ml full fat  milk 150 ml full fat  milk 
20 g cheese no cheese 
40 g but ter, rapeseed oil, margarine 40 g but ter, rapeseed oil, margarine 
25 g f ish 37 g oily f ish 
55 g meat  (pork, beef  and chicken) 48 g meat  (pork and chicken) 
300 ml cof fee, 250 ml tea 300 ml cof fee, 250 ml tea 
300 ml beer, 6 ml w ine 300 ml beer 

 
300 ml water 

32 g ext ras (sugar, jam, chocolate, syrup, cake) 32 g ext ras (sugar, jam, chocolate, syrup, cake) 
 



More sustainable than and equal healthy
as the Mediterranean and Nordic diets



21

(Macdiarmid J. et al., 2011) 
WWF/ Rowett Institute

Livewell plate UK (WWF, 2011)

Goal: 25% reduction in greenhouse gas emissions through linear programming





Translation to the Wheel of Five
Diet optimisation modelling

Preconditions modelling

§ In line with dietary guidelines AND dietary reference values from

the Health Council

§ Minimal and maximal amounts of food groups and nutrients

§ Provides 100% of the essential nutrients

§ Provides on average 85% of kcal

§ Sustainable and feasible: maximal amounts of food groups

§ Close to the current diet of each target group

§ Target groups (age, gender, activity level, preference, ethnicity)



Constraints: on products, not on impacts (GHGE, LU)
Based on environmental impact & feasibility



Results of optimisation: 
large variation between gender and age



Recommended daily amounts (women, 19-50 yrs)

Meets DRV’s



Most options within the scope of 
the dietary guidelines (blue line) 
are more environmentally 
sustainable than the current diet

(van de Kamp et al. 2018; Brink et al. 2016)





Germany FENS/ DGE (2019): 
start update FBDGs with optimisation modelling

§ a suitable tool to formulate FBDGs finding trade-offs between conflicting goals 

and taking several dimensions into account. 

§ the challenge to compile diverse data that suit the demands of optimisation

models. 

§ individualisation via mathematical optimisation is one perspective of FBDGs to 

increase consumer acceptance, 

§ but the application for population-based and individual FBDGs requires more 

experience and evaluation for further improvements.

(BJN, 2021)



EAT Lancet diet: Close to Wheel of Five

EAT-Lancet EAT-lancet 
range

Schijf van Vijf
Man

Schijf van Vijf
Vrouw

Schijf van Vijf
Range

Grammen per dag
Volkoren 
graanproducten*

232 0-60 en% 358, incl. brood 271, incl. brood

Aardappelen 50 0-100 158 158
Groente 300 200-600 250 250
Fruit 200 100-300 200 200
Zuivelproducten 250 0-500 415, incl. kaas 415, incl. kaas 340-490

Rood vlees 14 0-28 43 43 0-43**
Wit vlees 29 0-58 29 29 0-29**
Eieren 13 0-25 18 18 18-25**
Vis 28 0-100 14 14 14
Peulvruchten 75 0-100 19 19 19-38**
Noten 50 0-75 25 25 25-32**
Toegevoegd vet 40 onverzadigd

11,8 verzadigd
20-80
0-11,8

65 (smeer- en 
bereidingsvet)

40 (smeer- en 
bereidingsvet)

Toegevoegd 
suiker

31 0-31 - -



Menu of Tomorrow: EAT- Lancet improved (LP) 
(Kramer & Blonk, 2015; Natuur & Milieu)



Menu of Tomorrow: multiple constraints
(Kramer & Blonk, 2015 not published) 



Future: sustainability more integrated
+ more constraints = planetary boundaries

EAT Lancet (2019)


