How much energy does your meal require?

Jennifer Burney

Program on Food Security & the Environment, Stanford
Scripps Institution of Oceanography, UCSD

+ Quantify energy inputs into the food system
+ Understand local, regional, and global scales
+ Compare ‘eating philosophies’ in terms of energy use
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Political: Secure access to inputs
Economic: Prices
Environmental: Emissions

Today’s Takeaway:

(1) The food system uses a lot of energy
(2) That isn’t necessarily a bad thing
(3) Need to consider actual impact of energy use
in comparison with alternatives
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Understanding the energy inputs into food

Three main energy input phases:

Production Processing Consumption

Everything Between the From point

up to the farm gate and of sale to
farm gate the point of sale your mouth

Energy use can be direct or indirect



Basic flows in the food system

Energy Inputs

Fertilizers i —
. |
Pesticides

I

~ f I
Production Processing |
|

|

— — Cooking

Animals

Nutritional Content
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Global numbers to know

Global Energy Use: 474 EJ / 449 Quad Btu
(132,000 TWh or 15 TW equivalent)

Global GHG Emissions: 14-15 Gt C equivalent
(55 Gt COze, ~75% is actually CO2)

Production Processing Consumption
1-2% of energy use Very difficult to Transport energy &
quantify at global scale emissions difficult to
~15% of emissions quantify at global scale.
(+ another 10-15% for
land-use change) Cooking: 8% of energy

use & ~2/3 of BC
emissions



Role of trade

W Retail Trade B Mineral Products B Transport nec
B Construction B Chemical, Rubber, Plastic Products Water Transport
W Electricity W Petroleum, Coal Products W Air Transport
Manufactured nec Wood Products B Financial Services
Machinery and Equipment nec B Leather Products B Business Services
Electronic Equipment Wearing Appare! B Recreational and Cther Services
Transport Equipment B Textiles ¥ Public Administration, Defense, Education, Health
® Motor Vehicles and Parts ¥ Beverages and Tobacco Products W Other Finished Goocds
W Metal Products 8 Food Products Intermediate Goods
W Metals nec W Vegetable Oils and Fats
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mE I | China
ll II Russia
Il Il Middle East
I ! India
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il A France
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| UK
{ | IR Japan
e HEl == US
1.4 1.2 1.0 0.8 0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Gt CO, Emissions Exported

Gt CO, Emissions Imported

S.J. Davis, et. al. PNAS (2010).
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How do we calculate?

Two main methods:
(1) Life-cycle analysis (LCA)

e Bottom-up approach

» Count all inputs at all steps

o Very precise

o Difficult to define boundaries, uncertainty with scaling

(2) Input-output (I0) accounting

e Top-down approach

» Calculate economy-wide activity for output in one area
» Get all direct and indirect requirements, nothing missed
» Requires very good data, lose precision with aggregation



Energy used in US production (bottom-up)

Energy use Energy use Fertilizers Pesticides

per acre for US crop Production Production Irrigation  Tillage

MBtu/acre 1e6 MBtu % % % %
Corn 8.13 647.17 0.63 0.03 0.32 0.02
Wheat 8.3 413.92 0.78 0.02 0.18 0.02

Soybeans 0.96 73.36 0.31 0.16 0.43 0.1

Potatoes 15.2 15.88 0.62 0.04 0.32 0.02
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Transport & “food miles” in the US

Ton-km per household mt CO2e per household

Red Meat

B Air
resveat N

_ M Rail
Other Misc Other Misc - M Delivery
_ = Water
Oils/Sweets/Cond —— Oils/Sweets/Cond - M OtherFreight,Dom
Fruit/Vegetable Fruit/Vegetable _ W OtherFreight, Int
M Gas Pipe .

Dairy Products

. M Production,CO2
. Ol P|pe Dalry PdeUCtS -

M Production,CH4
: Chicken/Fish/Eggs
Intl Air _ " Production,N20

Intl Water Cereals/Carbs - Production, HFC

|| Direct Beverages - Wholesale/Retail

Chicken/Fish/Eggs

Cereals/Carbs

Beverages

0 500 1000 1500 2000 2500 0 05 1 1.5 2 2.5

Ton-km/household-yr Climate Impact, mt CO2e/household-yr

Delivery: ~5% of climate impact in US
Transport as a whole: ~11% of climate impact

Weber & Matthews, ES&T (2008)



Consumption in the US and globally

US Residential Energy Use:

2/3 of electricity to appliances (-4 Quad)
<10% of NG to appliances (-5 Quad)

Global Energy Use:
8% of energy use to cooking

2/3 is biomass, in developing world
(much higher climate impact)



A note on biomass-based cooking

i Major contributor to atmospheric
brown clouds (ABCs)
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A note on biomass-based cooking

"5 Major contributor to atmospheric
T brown clouds (ABCs)

Household and Village BC Concentrations from Surya Pilot Village
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Hour of Day

i¥ Traditional/unimproved cookstoves:

&1 -Not just indoor pollution problem
(chimneys don’t help)

« Need strategies that sustainably
address black carbon emissions
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What are the alternatives & tradeoffs?

Strategy Impact Co-benefits Tradeoffs
Reduce energy used | Reduce (non-GHG) Higher land
Organic farming for fertilizers & environmental requirement & GHG
pesticides impacts emissions

Conservation tillage

Reduce on-farm
energy use

Sequestration of SOC

Higher herbicide
requirements, N20
impact varies

Other on-farm
energy reductions

Reduce on-farm
energy use

Reduce GHG
emissions

Up-front costs

Local eating

Reduce transport
energy

Social co-benefits

Savings and
feasibility unclear

Eliminate animal

. . Reduce GHG Requires demand
Vegetarianism production & s .
: emissions shift
processing energy
Energy efficient Reduce personal Reduce GHG : :
: . . Requires planning
consumption energy additions emissions




Extra slides



Low-input agriculture is a climate loser: yield!!!
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Calories in & calories out

Corn:
56 lbs/bu = 25.45 kg/bu
365 kcal/100¢g : 92909 kcal/bu

$7.44/bu
$1=0.13bu =7.53 lb = 3.42 kg = 12487 kcal

Bottom-up estimates (low-bound):

2009: 165.2 bu/acre
15.3 M kcal/acre out

1 kcal = 3.97 Btu
8.13 Mbtu/acre inputs = 2.05 M kcal/acre in

Top-down estimates (high bound):
0.021 Mbtu per S grain farming output
5290 kcal in per 12487 out
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Tillage and residue management

IPCC, AR4 -- Mitigation: Agriculture, 2007;
after Smith, et. al., “Greenhouse Gas Mitigation in Agriculture,” Philosophical Transactions of the Royal Society B, 363 (2008).
International Biochar Initiative : www.biochar-international.org
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Tillage and residue management
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IPCC, AR4 -- Mitigation: Agriculture, 2007;
after Smith, et. al., “Greenhouse Gas Mitigation in Agriculture,” Philosophical Transactions of the Royal Society B, 363 (2008).

International Biochar Initiative : www.biochar-international.org
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