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TOTAL IMPACT

ENERGY: ~20% of total energy

Total U.S. Direct Energy Consumption in 2002 was
98 Quadrillion Btu

1.1% 32.2%

27.3%

17.9%

Source: Dept of Energy. Energy Information Agency.
Note: Each user category includes primary energy plus clectricity.
Electric generation used 38.2 billion Btu of primary energy.

FAO, Aquastat

Climate Change and Food Systems (2012)
http://nationalaglawcenter.org/wp-content/
uploads/assets/crs/RL32677.pdf



ENERGY USE

Energy demand
beyond farm gate

World’s
total energy
demand

-

Agri-food chain energy

https://www.greenbiz.com/article/how-addressing-energy-used-food-processing-contributes-more-sustainable-agriculture




TOTAL IMPACT

ENERGY: ~20% of total energy

Total U.S. Direct Energy Consumption in 2002 was
98 Quadrillion
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GHG: up to 25% total emission. 6 Bton (15%) from
Agriculture

FAO, Aquastat

Climate Change and Food Systems (2012)
http://nationalaglawcenter.org/wp-content/
uploads/assets/crs/RL32677.pdf
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TOTAL IMPACT

ENERGY: ~20% of total energy

GHG: up to 25% total emission. 6 Bton (15%) from

Agriculture m
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WATER: 70% of total withdrawal (~4000 km3/y)
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REDUCING FOOD QUANTITY

Definition: losses refer to the decrease in edible food mass
throughout the supply chain

1/3 of the food is wasted
US: 1250day out of 3950 kcal/day available

Amount of food waste
95-115 kg/year in Europe and US

6-11 kg/year in Asia and Sub-Saharan Africa

Food waste and the food-energy-water nexus: A review of food waste management alternatives , 2018
FAO, 2011



PRODUCTION VOLUME
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FOOD WASTE
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REDUCING FOOD QUANTITY
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FOODWASTE EMISSION

10.7

2.3

China United States Food loss India Russia

and waste

GT CO,E (2011/12)*

World Resource Institute
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EMISSION INTENSITY

« Dataset: 38,700 farms; and 1600 processors, packaging types, and
retailers.
e Protein-based

GHG Emissions Land Use
(kg CO,eq) 10t (m?year) 10t
A 100gprotein M0 25 50 75Pc Mean0 100 200 300Pc Mean
Beef (beef herd) 724 L] - 20 50 L] - 42 164
Lamb & Mutton 757 - 12 20 . 30 185
Beef (dairy herd) 490 " 91 17 = 73 22
0 \10 15 0\5 10 15 (
Crustaceans(farrned)LOk. ' T S 54 18w ' ' 04 20
Cheese 1.9k ' = > 51 11 > 44 4
Pig Meat 116 . l 46 76 : = 48 1
Fish (farmed) 612 _— 25 60 | = 04 37
Poultry Meat 326 L l 24 57 - 38 741
Eggs 100 - 26 42 L] : 40 57
Tofu 354 | m 10 20 = 11 22
Groundnuts 100 = 06 1.2 L] 18 35
Other Pulses 115 = 10%petl. 05 0.8 . - 46 73
Peas 438 8 ::2;'? ant 03 04 . 12 34
Nuts 199 = 22 03 L] - 27 79
Grains 23k | ® 10 27 . : 17 46

Reducing food’s environmental impacts through producers and consumers (2018)



EMISSION INTENSITY

e Dataset: 30 LCA studies

Beef extensive ¢ D ®® o ee® o o o= 640
Beef intensive (X X0 . (D * %
Beef from dairy cows | ') * = data point
Pig meat | LK)
Poultry meat
Sheep meat ¢ . D D = 750
Milk o
Eggs| & =%
Seafood from fisheries | £ s 8% oo o . = 540
afood from aquaculture [ @ e ®6¢ 3§
Vegetal protein |@#
Other meat substitutes | ¢ #
| | I 1 |

0 50 100 150 200 250
kg CO, eq per kg protein

The price of protein: Review of land use and carbon footprints from life cycle assessments of animal food products and their substitutes (2012)



EMISSION INTENSITY
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Reducing the environmental impact of global diet (2018)



EMISSION INTENSITY

Low impact Average High impact
& Beef o O o)
@ Lamb A chocolate bar from
ﬁ Farmed prawns O O O the deforested
Bl Chocolate  O——O————0<—" ainforest emits more
@ Farmed fish O0—-0—0 than a serving of
~ @. Pork 00—0 low-impact beef
@® Chicken  0-0—0
@ Cheese 000
(= Beer QD
(=3 Dairy Milk - @D
?'0' Eggs @O A portion of the highest-impact
=2 Coffee  CO-O vegetable proteins emits less than
O Tofu © the lowest-impact animal proteins
& Beans O
&) Nuts O
0 5 10 15kg
Kilograms of greenhouse gas emissions per serving

https://www.bbc.com/news/science-environment-46459714



INEFFICIENCY

human consumgd calories conversion
(Pcal = 10' kcal) efficiency

concentrates 134 Peal pork \ /

590 Pcal -—_¢ 12 (9%)

- 17 (13%)

) 4 (17%)

processed

29 (17%
o roughage (17%)
hay, haylage, grass silage
andgreenchop
~ com and sorghumsilage ) 21 (3%)

pasture

Figure 1. A Sankey flow diagram of the US feed-to-food caloric flux from the three feed classes (left) into edible animal products
(right). On the right, parenthetical percentages are the food-out/feed-in caloric conversion efficiencies of individual livestock
categories. Caloric values are in Pcal, 10"? keal. Overall, 1187 Pcal of feed are converted into 83 Pcal edible animal products, reflecting
aweighted mean conversion efficiency of approximately 7%.

Energy and protein feed-to-food conversion efficiencies in the US and

potential food security gains from dietary changes (2016)



EMISSION INTENSITY (by sector)
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Food-Miles and the Relative Climate Impacts of Food Choices in the United States (2008)



EMISSION INTENSITY (by sector)
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TRANSPORT

MJ/t-km  t CO.e/t-km x 10°
inland water 0.3 21
rail 0.3 18
truck 2.7 180
air? 10.0 6807
oil pipeline 0.2 16
gas pipeline 1.7 180
int. air? 10.0 6807
int. water container 0.2 14
int. water bulk 0.2 11
int. water tanker 0.1 7

Food-Miles and the Relative Climate Impacts of Food Choices in the United States (2008)



LAND USE DILEMMA

ICE-FREE LAND

N

HUMAN-MODIFIED LAND \

Undeveloped: 46.5% Agriculture: 38.6% Other: 14.9%

23.4 million square miles 19.4 million square miles 7.5 million square milés\

1 [ 1
O Erosion
Pastureland
Rural housing
and businesses
Forests, high mountains,
tundra, deserts Q
O Planted forests
Cropland
O Logging

Urban areas
Mines, quarries,
roads, railways,
reservoirs

Total surface area of Earth, including water:
196.9 million square miles

https://www.nationalgeographic.com/foodfeatures/feeding-9-billion



FOOD vs FEED/FUEL
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https://www.nationalgeographic.com/foodfeatures/feeding-9-billion/



FOOD vs FEED/FUEL

WORLD

e 55% of the world's crop calories are actually eaten
directly by people.

e 36% for animal feed

e 9% goes toward biofuels and other industrial uses

us
e« 95% of oat production for animal feed
e 80% of corn production for animal feed.

https://www.vox.com/2014/8/21/6053187/cropland-map-food-fuel-animal-feed

https://www.smithsonianmag.com/travel/is-the-livestock-industry-destroying-the-planet-
11308007/



FOOD vs FEED

Human Food vs. Animal Feed

The percentage of each state’s agricultural income derived from crops grown primarily for animal consumption

More Money Made On Human Food More Money Made On Animal Feed

Created by Joe Satran of The Huffington Post. Data Source: USDA NASS, HuffPost Calculations. “Crops grown primarily for animal feed” refers to field corn, soybeans, hay, barley
and sorghum.Income from tobacco, cotton and other non-edible crops is not included.



FUTURE SCENARIO

1 billion people —T 'i' 'i' I'i'l T T Iil m

A 35%

To feed that population, crop production will need to double.

1 billion tons —*********#*********%

A 100%

Why? Production will have to far outpace population growth as the developing world grows
prosperous enough to eat more meat.

Developed - 15.3%

countries
oo | 103 %
countries )
2 e, TN 92
countries 69.2%

https://www.nationalgeographic.com/foodfeatures/feeding-9-billion/
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FUTURE SCENARIO

Environmental pressure by 2050

Environmental pressure (percentage of present impact)
0 50 1 lI)O 1.“:0 200

2010

GHG
emissions

2050
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use
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application

2010
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O Staple crops B | egumes ENuts and seeds B Fruits and vegetables
B Vegetable oils B Sugar B Other crops B Animal products

Options for keeping the food system within environmental limits (2018)



FUTURE SCENARIO

GHG emissions
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Options for keeping the food system within environmental limits (2018)



CONCLUSIONS

« Consume foods lower on the food chain
« Avoid energy-intensive production
« Avoid energy-intensive transportation

i0ices to reduce your contribution to climate change

*

Annual climate savings co,e)

Upgrade Hangdry  Recycle Wash Replace
light bulbs. clothes clothes in typical car
cold water  with hybrid

Low Impact Moderate Impact High Impact

<0.2 tCOze 0.8-0.2tCOe 0.8 tC
Seth Wynes & Kimberly Nicholas, 2017, Environmental Research Letters

The climate mitigation gap: education and government recommendations miss the most effective individual actions (2017)



BACK UP

Foodprints by Diet Type: t CO2e/person

357 33

3.0 ® Drinks
® Snacks, sugar

25 » Oils, spreads

2.0 - ® Fruit

15 m Vegetables

Cereals, breads

10 - ® Dairy

05 - ® Chicken, fish, pork
m Beef, lamb

0.0 .
Meat Lover Average No Beef Vegetarian Vegan

Note: All estimates based on average food production emissions for the US.
Footprints include emissions from supply chain losses, consumer waste and
consumption.. Each of the four example diets is based on 2,600 kcal of food
consumed per day, which in the US equates to around 3,900 kcal of supplied food.

Sources: ERS/USDA, various LCA and EIO-LCA data s...:.‘f.‘..?g.&i.
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Produced Applied in Crop Harvested inFood Consumed
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Red meat

Starchy vegetables

i

Eggs
Poultry
.
Total dairy e &
G
S —
[JH ) i === H
Vegetables o __2 Current intake by region
_ j = - Global
Fruit : W East Asia Pacific
—— E South Asia
Legumes : Sub-Saharan Africa
g : B |atin America and Caribbean
n= s M Middle East and North Africa
Whole grains s Europe and central Asia
= E B North America
Nuts [ .

1
100%

Intake recommended

https://www.thelancet.com/



Reducing

ood Waste (e e

Food wasted per year.
That represents 1,249
calories per person, per day.

0%

OF ALL FOOD PRODUCED
IN THE U.S. IS WASTED

$1 61 BILLION

Uneaten food at retailers,
restaurants, and homes
costs $161 billion annually

$1,500

Per capita, this amounts
to over $1,500 for a
family of four

Food makes up 20% The methane

waste source

of landfill weight—the 'Y released by food
single largest municipal 4 €O, is a greenhouse

gas 21 times more
powerful than
carbon dioxide

diid Ne

Encouraging institutions

Diverting 15% of the food Food waste can
that currently goes to be composted into to purchase so-called
waste would be enough sustainable soil “ugly” produce would help
to cut the number of food additives or be used farmers find new markets
insecure Americans in half to generate electricity for healthy products that
currently go to waste

https://pingree.house.gov/



Food system Direct
emissions agricultural
emissions

PREPRODUCTION ©® Agricultural soils
® Fertilizer manufacture 32%
3% @ Enteric
® Pesticide production fermentation
0.6% 31%
Energy use in animal Other emissions
feed production 19%
0.5% Rice cultivation

PRODUCTION =%
® Direct emissions Manure
48.5% management
® Indirect emissions %
(deforestation)
35%

POSTPRODUCTION
Refrigeration

4%

Storage, packaging,
and transport

3%

Retail activities

2%

Primary and secondary
production

1.5%

Catering and
domestic food
1.3%

Waste disposal
0.6%



Total = 14,760 PJ

Packaging

Considerations for reducing food system energy demand while scaling up urban
agriculture (2017)



EMISSION INTENSITY

Relative impacts of milk

GHG Emissions Land Use Acid. Eutroph.
(kg CO4eq) 10t (m?year) 10t (9S0.eq)  (9PO,*eq)
Pc Mean Pc Mean
B 1liter ° 2 4 6 0 3 6 9 0 15 300 10
. ; \ . ;L A )L . )
Milk 1.8k | 1.7 32 =11 89 S s e
Soymilk 354 = 06 10 = 03 07 | 1

Reducing food’s environmental impacts through producers and consumers (2018)



EMISSION INTENSITY (by sector)

GHG Emissions (kg CO,eq 1009 protein~') GHG Emiss.

A Land Use Change (kg COzeq L)
4120 05

2.1 21
Avg. veg. proteins
(excluding nuts)

1.3

10% petl.
B Crop Production & Feed Transport veg. proteins
27

Beef Lamb & Beef Crustaceans Cheese Pig Meat Fish Poultry Eggs Milk
(beef herd) Mutton (dairy herd) (farmed) (farmed) Meat

Mean (light shadedbox) [] [] [l 10t Percentile (dark shadedbox) [] [ [l

Reducing food’s environmental impacts through producers and consumers (2018)



Harvard food system initiatives

| SEARCH THIS SITE Ql ﬂ

HARVARD UNIVERSITY DINING SERVICES

Home » Food Literacy Project » Foodbetter

FOODBETTER

a partnership of Harvard University Dining Services and its' Food Literacy Project, the
Harvard Office for Sustainability and the Harvard Food Law and Policy Clinic

What is Food Better?

A better food system starts with you. At Harvard, we call that focus on the food
system and how to improve it - how to grow better, eat better, shop better,
dispose better — Food Better. Throughout the year, FoodBetter partners engage in
community-wide dialogue about how we can Food Better, which includes events,
field trips and more. Food Better focuses on:

\__/ K
@&

Foodbetter.



Harvard food svstem initiatives

Harvard i-Lab Deans’
Food System
Challenge 2014-2015

Producing Sustainable,

Nutritious Food

Our current system of food production must change fmumgongto

pvowﬁm;vhnhwsfoodfor‘ﬂngmg:vg global population. As

it stands, this system can have a astating impact
envlronrvy::i and often undervduasngo

underpays the workers growing the food supply.

Can you envision dlternative s Oems of

food production and processing

nourish and sy bJPM the health of ?he

growing global population, provide

economic development and living

wages to those communities that

support the food system, and

decrease the environmental

footprint on our plan

Reducing
Food Waste

An estimated 40% of the food
produced in the U.S. goes uneaten,

and globally about one-third of food
produced for consumption is lost or
wasted each year. When food is wasted, not

@

only do we lose the nutrifion of that food, we lose
the water, fuel, and fertilizer used to grow, process, and
distribute that food.

Can you develop methods to minimize the amount of food that goes to
waste, recover more food for human consumption before it enters the

waste sfream, and reduce the environmental impacs of food waste?

Innovating in Food
Distribution and Markets

Many people around the world cannot access nutritious foods to
feed their families. Globally, one out of every eight people
faces chronic hunger. The way food is transported,
distributed, and sold not only damages our
environment, but leads to communities
inundated with cheap, processed products

that simultaneously lack access to

affordable, healthy food.

Can you imagine innovative
distribution and marketing systems
that promote a more socially just
food system and make healthy

foods more accessible and

affordable in all communities?

Improving
Our Diet

§ Almost 70% of Americans are
&

%
Nt

overweight or obese. Diet-related

diseases, induding heart disease, type

2 diabetes, and cancer, are now among

the leading causes of preventable death
internationally, and cost more than $864 billion

annually in the U.S.

Can you identify ways to improve the food environment, increase
consumer education and transparency, or use findings from behavioral
economics and other related fields to make healthy eating the default

choice?




Harvard food system initiatives

;'9 IR FOOD Forward Food is supported and endorsed by an
THE BUSINESS CASE  FOR FOODSERVICE  ABOUT array of diverse organizations, institutions and
other partners who support the idea thatas a
* Plant-based culinary training society, we ought to be focusing more on plant-
program at Harvard founded in based foods as a means of creating a better food
2015 with the Humane Society system.

* Now expanded across US,
Canada, Europe, and South

America
. . XA 7 The Valley
* Harvard dining halls consistently *"}1/1»;‘“{ "I Hospital o
have plant-based protein options THE JUMANE sockrY s =
& higher ratio of plants to meat
- /‘ﬁ
© rarmrorwa the Bartn  TT wams oo



Harvard food system initiatives

About Us / News & Events / Schools & Units / Data Hub

HARVARD

UNIVERSITY Sustainability

COMMITMENT TOPICS PROGRAMS ACTION p

ools & Resources » How To »

Plant-based eating guide

HEALTH BENEFITS ENVIRONMENTAL BENEFITS

A healthful, plant-based diet has been associated with: If all 7,000 Harvard undergraduates 5
+ Lower risk of cardiovascular disease and stroke went without meat just one day a || TNESE Savings
Harvard College student and Resource Program Efficiency Representative Meaghan B T week for a year, we would Ri;ﬁéarteg\s:?:rus
. . « Lower blood pressure collectively save:
Townsend (Class of 2021) created this simple guide to start a conversation about . e T on y .gn‘:eb:w‘\?;dme crops
sustainable eating to encourage her peers to explore plant-based diets at Harvard. It SiLower cholestarol on || fed to livestock

* Lower risk of digestive problems a constitute more

was designed to empower students who are interested in pursuing a plant-based diet * More stable blood sugar, which may help reduce appetite than TWICE enough

food to feed the 1.4
and to support those who already are. The guide was supported by the Harvard Office §U|LD|NG YOUR HEALTHY EATING PLATE ‘c)\ljr“r:'r'\tp\ﬁslr;g in >
. — m : abject poverty. With
for Sustainability and Harvard T.H. Chan School of Public Health. LATE J o 2 ppc;)u\a(y\cn
on th 9 projected to reach
lable research % 9.7 billion by 2050,
on diet and health, it will become
Harvard's Healthy s
Eating Plate important that we
19 take advantage
S of methods—like
variety eating plant-based

quality, plant-| = - e diets—of producing
food 8 mil and consuming food
. more efficiently.



