Combining Life Cycle Assessment and Linear
Programming to explore sustainable farming
regions
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Brittany... environmental concerns
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» Several environmental concerns attributed to the agricultural
sector, which is considered NOT SUSTAINABLE
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Aims/objectives

» Tool for environmental decision making (guide
systems towards sustainability)

> Include social and economic indicators (Highlight
trade-offs between indicators)

» Explore scenarios of sustainable agriculture at a
regional level

» Associate complementary production modes and
other land uses
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MGLP: Multi Goal Linear Programming

e Basic structure : linear programming model
(Lopéz-Ridaura et al.(2005); van lttersum et al.(1998)

e Optimization model simulates scenarios satisfying
more than 1 goal at the same time with the constraints
set

e Allocate limited resources between several land use
activities = Generate land occupation scenarios
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MGLP: generating land occupation scenarios

Land occupation
activities

Constraints

Objective function

Total area: optimized
function = new land
occupation
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USing MGLP (Multi-Goal Linear Programming)

Land use activities
Indicators and objectives

LCA
Social Constraints
Economic
Limited resource Objective function

LP is “a powerful mathematical technique to be used as a tool in LCA”
Azapagic and Clift (1998)
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Case study: Milk production in Brittany

Total area of milk production: 1 126 152 ha=>»
limited resource
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Land occupation activities

/
. % of regional milk
Dairy farms types production area
1.Organic (Org) 1.7
Cu rrent < 2. Extensive (Ext) 11
activities 3. Large Semi Intensive (LSI) 24
(today 4. Semi-intensive (SI) 35
scenario) 5. Intensive (Int) 28
N
o
Alternative < 6. Exclusively Grass based 03
activities dairy system (GB) '
N—
Total 100
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Indicators and variables

Off-farm Area (OA)

¥

Autonomy

Total nitrogen inputs (N)

¥

Greenhouse Gas Nitrates
Emitted (GhG) leached (NO,)

¥ ¥

Environmental
efficiency

Non renewable
energy used (EU)

¥

Nutritional Energy Proteins
Productivity Ml( (NfE) (Pr;t)
5ic;%?|%r;lc Profit Gross Milk revenue Employment
o Income (FP) surplus (GO) (MR) (Employ) Cost
ocia
contribution f f f f f ‘
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Indicators and variables: technical
coefficients

OA | GhG | NO, | ENR | Milk MB

ha |tCO.,eq kg GJ t Keuros
Int 02 | (74D 67 oa |Gl 10
S| 0,1 6,1 73 18 4,4 1,6
LS 0,1 6,9 82 19 5,1 1,8
Ext 02 | 83 68 26 6,9 22

01 | (B3| 39 12 1,4
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Constraints: policy and regulations

Scenario for Brittany (2020)

» Reduce current GhG emissions by 20 % (EC)
» Reduce non renewable energy use by 20% (EC)

* Limit nitrate concentration in water to 25 mgl-! (EC)*

*(EC) European commitment
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Scenarios interpretation
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Today: baseline scenario

Brittany’s milk production

o/ area
Off-farm 100%
: 100 o
Milk Revenue 90%
- 75 c 80% -
Employ S 0%
S 60% -
FP S~ 50% |
2 40% -
Cost S 509 -
2
20% -
G.Surplus ; 10% -
Income 0%
Prot Today
Brittany Today OOrg OExt mSI OLSI mint
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2020 scenarios (1/2)
2020: GhG -20%; EU -20 %; NO,; 25mg/l

|
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2020 Scenal‘iOS (1/2) Brittany’s milk

production area

Off-farm
100 100% T .
Milk Revenue
90%
Employ NO3 c 80% -
2 70% -
FP EBU 8 60% -
>
8 50%
Cost GHG 'c 40% -
3 30%
G.Surplus Milk 2 20% -
100/0 ]
Prot 0%
Today 2020
Today 2020 — O0Org OExt mESI OLSI mEint

2020: GhG -20%; EU -20 %; NO, 25mg/l
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2020 scenarios (2/2)
2020: GhG -20%; EU -20 %; NO; 25mg/|

|

Alternative activity
Grass based milk -

production system
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2020 scenarios (2/2)

Brittany’s milk production

Off-farm 100%
Milk Revenue _ 90% -
Emplo 2 80% 7
y =
§ 70% |
Fp g 60% -
© 50% -
-g 400/ —
Cost « o°
2 30% -
G.Surplus ~~ 20% -
100/0 |
Income 0 ‘
Prot Today 2020 2020+GB
Today— 2020 — 2020+GB— @Org DExt @S| TLS| mint mGB

2020: GhG -20%; EU -20 %; NO,; 25mg/l
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Trade-offs and scenarios (3/3)

e Max FP X 2020+GB ¢ Today
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Conclusions

e Combining LCA and MGLP can support a
environmentally conscious decision making

process

e MGLP highlights trade-offs between indicators

(environmental, economic and social)

e Scaling LCA results to a regional scheme provides

a wider vision of possibilities to stakeholders
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Perspectives

¢ |ntegrate other agricultural production systems and

non-agricultural land uses

e Use food consumption patterns as constraints of

production

e Environmental sustainability enlarged to include

social and economic sustainability
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