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Carbon footprint and data collection

« Japanese carbon footprint system launched in
2008

« Some food products with carbon foot print label
have been sold

« Some product category rule of food products
require collecting primary data covering over
50% of agricultural production

 No theoretical consensus about data collection
method from a large number of suppliers
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Objectives

 estimate the carbon footprint of ecologically
cultivated rice produced in Japan

« examine data representativeness of
inventory data and the data collection
methods utilizing survey-sampling theory

R RITSUMEIKAN



Case study: Carbon footprint estimation of
ecologically cultivated rice produced in Japan

Shiga Pref., Japan (4kg-polished rice)

Chemical nitrogen | less than 50% of

Agrochemicals conventional

Data collection:
about 100 /400 producers

In Jan. 2010, products carrying th
Footprint Label were in sale |
as a part of Japanese Carbon foo

products system




Life cycle flow of rice production/
consumption (1
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Life cycle flow of rice production/

consumption (2)
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Data collection

Basic data Cultivated area, productivity, rice husk production
fuels
electricity
production fertilizer Organic, N, P, K, Mg

agrochemicals
packages Paper bags
transportation Input materials, brown rice (Rice center —polishing factory)
Basic data Percentage of polished rice

Rice polishing | electricity
packages Plastic bags

Distribution and

retailing

transportation

polishing factory —distribution center —retailers

Energy in retailers

Rice boiling

electricity

Clean water supply

Waste treatment

Basic data

Weight of package waste , way of treatment

Waste treatment

Package waste, waste water




Result of Carbon footprint estimation

*GHGs emission related consumption of 1 package(4 kg of polished
rice) : 7.7kg-CO,eq, or 1.92kg-CO,eq/kg-polished rice

*Over 50% of emissions in raw material production is contribution by
CH, emission from agriculture—Needs for reliable emission estimation

7% of total emission is caused by transportation of rice and input
materials

[ 1 Raw material Production [ Rice polishing
[ Distribution and Retailing [ Cooking
[] Waste treatment

0 2 4 6 8
R riTsumeian GHG Emission (kg=CO2eq/item (4kg polished rice))



Distribution of GHGs emission by producers

« LC-CO2 emission per cultivation area by producers are varied
—data sampling is important to get representative (average)
value
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Evaluation of data representativeness

(1)accuracy of estimated input data
(=representativeness)

estimating from variance of producers’ data and
sample size

(2)estimating minimum sample size ensuring certain
accuracy In certain confidence level

Considered data: material input data obtained by
producers;

gas-diesel-agrichemicals (CO,), fertilizer (CO,*N,O)

Gasoline Diesel oil Fertilizer Agrichemicals N application

Sampling ratio 16% 16% 26% 26% 26%

R RITSUMEIKAN



Evaluation of data representativeness (2)

Estimation methods of total inputs of all producers
|(a)Ratio estimator |

N\

|(b)Poststratified (ratio) estimator o
Assuming stratified sampling A

Deviding samples by scale and estimate by stratum
Originally this survey have not been designed as stratified sampring

Cultvatng area

~%ha __ 2~b5ha__ Oversha 2@/

Num ber of producers 81% 14% 5% 100%
P bntihg area 419% 28% 30% 100%
Sam prng rato 12% 85 05 26%

Num ber of producers)




Result:Data representativeness

 confidence interval of average GHGs emission per
production at 95% confidence level
— Ratio estimator: 0.29+0.03kg-CO,eq/kg-polished rice
— Poststratified estimator: 0.30%+0.02kg-CO,eq/kg-

Coefficient of variance of
estimated value

polished rice

N W W
a O O

—
()]

GHGs emission from
=

Fuels, fertilizer,agrochemicals

©c o o o o o o o
o Y
o o

(kg—CO2eq/kg—polished rice)

o
o

ratio estimator

poststratified
estimator

ratio poststratified
estimator  estimator

Gasoline 11.3% 11.3%
Diesel oil 7.6% 9.8%
Fertilizer 11.2% 9.7%
Agrochemicals 13.8% 6.5%
N,O from N application 9.1% 2.3%
Total 5.9% 3.8%

—Better result when stratifying samples by scale
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Optimal sample design

« Estimating minimum sample size in case of
implementing stratified sampling
— Confidence level---95%
— Tolerance of estimation error (material input) =--1%., 5%
— Sampling method- - -optimal allocation (Neyman allocation)
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Sample size in optimal sampling design

«Sample size in 5% tolerance,95% confidence

level: 76/418 producers
—Appropriate sample design can reduce sample

size (survey cost) and improve accuracy
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Recommendations and limitations

« Surveying large number of primary data should be
implemented with appropriate sampling method and
evaluation of data representativeness as uncertainty
analysis

« Standard for data collection should be set in carbon
footprinting

« Evaluation of non-CO2 GHGs is poor in this case

« This representativeness evaluation method can't
apply to products supplied by small number of
producers
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coefficient of covariance of
estimated average value

« Ratio estimator

T’ n, 1 A
CV(T, )= |2 1-" —Rx )’ /T
( yi,R) \/xz ( N) ni(ni _1) Zjl(yl] J) y;.R

 Poststratified ratio estimator
T,

R n. A
CV(Tyi,PS) — \/(1 - Z)Z[ f 2 O-iz,dJ/Tyl,PS
N d ni,dxd
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Life cycle assessment (LCA) in agriculture

» Direct and indirect environmental loads are emitted from
production/consumption of agricultural products

 Life cycle assessment, which evaluate all environmental load
Including that of manufacturing input materials, is one of the
powerful tool

* Fully implemented LCA can assess trade off between other
types of environmental load

Production
/Shipment
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LCA/Carbon Footprint of agriculture

« Diverse production condition and climate
« Positive/Negative environmental effect

(e.g. Carbon storage)
« Mainly implemented in Europe and Japan

Life cycle assessment (LCA) and Carbon Footprint

Carbon foolprint
Evaluating greenhouse gases emission by LCA method

Often discussed with introduction of environmental label

LCA
Fully implemented one assesses comprehensive evaluation of

various environmental loads
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1t S FIEZE D (Binder et al,2008)

Indicator Definition Sustainability Desired Unit
range dewlupmentl
Return on Earnings before interest and taxes (EBIT) 276-20 + Percent
investment divided by total capital
Labour productivity ~ Gross value added / labour invested not used for + CHF/h
SSP?
Hourly wage Hourly wage 1n each value added level / 75-125 + Percent
average hourly wage of the Swiss population
Market power Expert assessment of the negotiating power -2 -2 + Value
of the levels: producer, processing and between
consumer -4 [ +4
Social capital Ratio share stakeholder representation of 1-2 - Value

each level in the parliament related to the
share of labour force

Social acceptance Willingness to pay of Swiss population for 50 -100 + Percent
agriculture, measured as percentage of the
population considering the subsidies to
agriculture adequate (“in etwa richtig™)

Human capital (I) Number of employees per production level 20000 — 567599 - Value

Level of education Percentage of employees with educational 37-100 + Percent
level "“practical experience”, basic
education” and “higher education™

Subsidies Subsidies paid to the milk industry as 0-36 - Percent
percentage of the gross yields

1: Defined together with stakeholder and mvolved experts
2: The indicators were excluded from the sustainability space, based on the system analysis results (Schmad,
2008)



