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Why Focus on Sustainability?

Population is 

increasing
(US Census Bureau, 

2013)

Limited land 

availability
(Lambin and Meyfroidt, 

2011)

Limited water 

availability
(Vorosmarty et al., 2000)

Greenhouse 

Gases
(IPCC, 2007)



Animal Source Food Impacts the 
Environment

Springmann et al., 2018

Specific food groups 

vary in their 

environmental impacts 

but animal production 

generates the majority 

of GHG emissions



Global System Drivers

Data from UN-FAO, downloaded Feb 2019
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Global System Efficiency

Data from UN-FAO, downloaded Feb 2019
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Where do we stand currently?

Cropped Table from Rockstrom et al., 2009



Policy Responses

Based on review of the available literature, the 2015 

Dietary Guidelines Advisory Committee claimed that plant-

based diets would promote health and improve long-term 

sustainability of the U.S. food supply



Livestock In The News
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Sunlight

Primary 
Consumers

• Plants

• Algae

Secondary 
Consumers

• Cows

• Sheep

• Goats

Tertiary 
Consumers

• People

Food Webs: Balance is Essential for Sustainability

Reduce resource loss by 

“cutting out the middle man”?



A Slightly More Complex Picture

Van Horn and Hall, 1997



What happens when one part of the 
web changes?



A substitution example

Clark and Tilman, 2017

Do humans obtain the same utility from a kg of maize and a kg of beef?



A diet example

Willett et al., 2019



A diet example
Food Type EAT-Lancet

g/d % Used1

Grains 232 28

Tubers 50 21

Vegetables 300 100

Fruit 200 84

Dairy 250 113

Meat (Red + 

Poultry)

43 47

Eggs 13 55

Fish 28

Legumes 50 380

Nuts 25 586

Oils 52

Sweeteners 31
1% Used refers to the percentage of current 

production (FAOStat, 2019) that would need to 

go for human consumption if 10 billion people 

consumed this average diet. 

Can the agricultural system 

sustain this increase in 

legume and nut production 

globally?



What are other practical challenges here?



What CAN the food web support?

Nature’s Recycler –

Producing High 

Quality Human-

Edible Protein from 

Human-Inedible 

Fiber

Wasteful 

Extravagance –

Degrading Natural 

Resources and 

Producing 

Unhealthy Foods
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Publication Information…

http://www.pnas.org/content/114/48/E10301.abstract

Only one way of looking at the problem

Only looking at the U.S. system

Asking – How should we ask these questions?

http://www.pnas.org/content/114/48/E10301.abstract


Objective 1

Quantify the impact of animal agriculture to U.S. society 

by evaluating nutrient and GHG changes when animals 

are removed from U.S. agriculture



Modeling Total Removal of Livestock

• Fewest assumptions.

• Sets a bound for all 

other interventions.

• Modelled with freely 

available data.

• No outside funding.?



Data Sources

• USDA-Economic Research Service

• USDA-National Agricultural Statistics Service

• USDA Food Composition Database

• Published life cycle analyses

• U. S. Census of Agriculture

• UN Food and Agriculture Organization (FAO)

• US Food and Drug Administration (FDA)

• US Environmental Protection Agency

• Other published data



Methods: Nutrient Balance

Population Weighted-Average 

Nutrient Requirements

Domestic Supply of 39 Nutrients 

from 121 Foods



• Cropable pasture land, hay, and silage land were converted to 

human food production assuming the current ratio of land use for 

human edible crops was maintained. 

• Grains and human-edible byproducts currently consumed by 

animals were repurposed for human consumption.

• Fertilizer previously produced by livestock was not available and 

would need to be commercially synthesized.

• Excess food processing byproducts would be combusted. 

A Simulated System Without Animals

Changes



Results: Proportions of Food Produced

Plants-only system:

• Food production 

increased 23%, 

primarily as grain.

• Grain: 77% corn.

• Legumes: 92% soy 

and soy flour.



Results: Individual Nutrient Supplies
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Reduced domestic production of Calcium, Vitamin A, Vitamin D, Vitamin B12, 

DHA, EPA, AA, alpha-linolenic acid



Results: Greenhouse Gas

Plants-only system:

• Agricultural GHG         

28%, but not the ~50% 

associated with animals.

• Counterbalanced by 

fertilizer synthesis & all 

land now allocated to food 

production.

• US National GHG       

2.6%.



How does this pertain to human 
diets?



Objective 2:

How do least-cost diets balanced for humans differ when 

animal products are not available, following the 

assumption we must feed the entire population, not just a 

subset of it.



Methods: Nutrient Planning

Population Weighted-Average 

Nutrient Requirements

Domestic Supply of 39 Nutrients 

from 121 Foods



Optimization

Adjust daily intake of different feed ingredients to 

minimize daily ration cost, $/person/d

M
I
N
I

M
I
Z
E

• Nutrient requirements must be satisfied

• Total U.S. population intake must not exceed 

domestic production + imports

s.t. Constraints:



What do U.S. Citizens Currently Eat?

36%

23%

22%

11%

8%

Animal

Vegetable

Fruit

Other

Grain

Concentrate

Daily Diet Cost:

$4.00/person/d

Daily C-Footprint:

3.29 kg CO2e/person/d

Daily As-Fed Intake:

1.49 kg/person/d

Daily DM Intake: 

0.45 kg/person/d



Results: Least Cost Rations for 
Humans

Daily Diet Cost:

$2.81  vs  $2.05/person/d

Daily C-Footprint:

1.43 vs 0.95 kg CO2e/person/d

Daily AF Intake:

1.75  vs 2.05 kg/person/d

Daily DM Intake:

0.63  vs 1.2 kg/person/d
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Results: Nutrient Sufficiency of 
Rations
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Plants-Only: Nutrient Deficiency

Calcium
Bone, electrolyte, milk

Many physiological functions

Vitamin B12
Brain & nervous system

Red blood cell formation

Omega-3: EPA & DHA
Infants: Cognitive & visual 

development

Adults: Cardiovascular health

Omega-6: Arachidonic
Infants: Visual acuity

Long Chain Fatty Acids
Does this mean all vegetarian diets 

are deficient?

• No, entirely possible to formulate 

balanced vegetarian diets.

• BUT: plants do not have, or have 

low concentrations of some 

nutrients.

Ca --Weaver et al., 1999



Take Home Messages…

A change in the system for one 

purpose has collateral impacts:

• More total food.

• More nutrient deficiencies  & 

excess calories.

• No resemblance to studied 

vegan diets.

• Small national GHG decline.
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“Essentially, all models are wrong, but some are useful.”

Box and Draper, 1987



Not Considered

• Nutrient bioavailability

• Waste

• Nonfood products: alternatives

• Supplement: production & supply

• Life cycle analysis applicability 

• Nonlinearity

• Economic impact

• Non-GHG impact

• Cropping viability



The Importance of Considering Waste… 
Food Type EAT-Lancet Example Alternative

g/d % 

Used1

g/d % Used

Grains 232 28 232 28

Tubers 50 21 100 41

Vegetables 300 100 300 100

Fruit 200 84 200 84

Dairy 250 113 220 100

Meat (Red + 

Poultry)

43 47 90 98

Eggs 13 55 23 96

Fish 28 28

Legumes 50 380 25 95

Nuts 25 586 4 94

Oils 52 52

Sweeteners 31 31
1% Used refers to the percentage of current production 

(FAOStat, 2019) that would need to go for human 

consumption assuming a population of 10 billion people. 

We currently 

produce enough 

food to feed 10 

billion people with 

select nutrient 

deficiencies 

(Ca, K, Choline)



Is that a healthy diet?

13%

57%

30%

Sources of Energy in Example Alternative 

Diet

Protein CHO Fat



A different question: 
How do we continue these trends?

Data from UN-FAO, downloaded Feb 2019
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Questions?
Email: rrwhite@vt.edu

Office: 540-231-7384

Cell: 509-701-9290



Limitations of This Study

• Composition of diet does not 

match previously studied 

vegetarian and vegan diet

• Other ways to synthesize 

fertilizer and dispose of 

byproducts

• Land could possibly support 

more fruits and vegetables



Alternatives to Fertilizer and Byproducts

Plants-only system:

• US National GHG       

2.9%.

• Agricultural GHG         

32%, but not the ~50% 

associated with animals.



Alternative Land Use Assumptions:
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Still a challenge with insufficient domestic 

production of essential fatty acids and vitamins



Sunlight

Primary 
Consumers

• Plants

• Algae

Secondary 
Consumers

• Cows

• Sheep

• Goats

Tertiary 
Consumers

• People

Summing Up… 

Energy



Future Directions: Quantitative & Integrative

• Meet nutritional needs of the 

population. Supplements?  

Fortification?

• Profitability

• Land/resource use sustainability

• Environmental impact

• Use all acceptable tools

• Evaluate actual feasibility

• Ideology

2/6/18



Methods: Estimated Food Supply

Production
(USDA Quickstats)

Exports 
(USDA Quickstats)

Available Domestic 
(Calculated)

Non-Food Uses
(USDA Yearbooks)

Consumable Domestic 
(Calculated)

Edible Food Portion
(Calculated)

Inedible Food Portion
(USDA Foods List)

Nutrient Composition
(USDA Foods List)

Nutrient Supply
(Calculated)



Methods: Nutrient Requirements
Age/Gender-Based Requirement

(USDA Dietary Recommendations for 

Americans; WHO Recommendations on Fatty 

Acids)

Age/Gender-Based Population
(US Census Bureau)

Population Weighted-Average 

Nutrient Requirements


