agricultural management using
environmental life cycle assessment
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Outline

= |ntroduction
= Environmental Life Cycle Assessment (LCA)
= Mathematical optimization

= Ongoing research
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Introduction (1): Why impact assessment?

= Sustainable development:

“Humanity has the ability to make development
sustainable to ensure that it meets the needs of the
present without compromising the ability of future
generations to meet their own needs”

[Bruntland Commission's report “Our common future” WCED, 1987]

= Then, what is the sustainable amount or level?
= Nonetheless, we can make “more sustainable”
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Introduction (2): Why impact assessment?
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Introduction (3): Why impact assessment?

Comprehensive decision making and raising awareness:

Decision maker Technical solutions Complex modelling
and engineering

0O a Q
J
Agreement Approval Decision maker Good and bad charts Environmental life

cycle assessment
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Introduction (2): Why agriculture?
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Source: Werld Resources 2000-2007, Peogle and Ecosystams:. The Frapng Web of Life, Warlkl Resourcas Institute (WRI), Washingion DC, 2000.
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Introduction (2): Competition for water
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The grey band represents the difference between the amount of water extracted and that actually
consumed. Water may be extracted, used, recycled (or returned to rivers or aquifers) and reused
several times over. Consumption is final use of water, after which it can no longer be reused. That extractions have
increased at a much faster rate is an indication of how much more intensively we can now exploit water. Only a
fraction of water extracted is lost through evaporation.

Source: Igor A. Shiklomanov, State Hydrological Institute (SHI, St. Petersburg) and United Nations Educational Sclentific and
Cultural Crganisation (UNESCO, Paris), 19!
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Life Cycle Assessment (1): Overview
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Life Cycle Assessment (2): Wheat production
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Life Cycle Assessment (2): LCA Database

Lorry,16 ton

e e
Medium voltage electricity l l | l l l
Sz &% A v
fopland  Imigation  Tractor  Fertiizes estic Harvest

ssssssssssssssssssssssssssssssssss

Organics chemical plant _ 2=
) O

sssssssssssssssssssssssssssssssssssssssssssssss

“Spiral Spider Web”
LCA database

¥ ’//
b/
;" L Electricity, low voltage

Lorry, 20 ton

Rail freight

Example cloud is Ecoinvent LCA database by Dr. Chris Mutel
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Life Cycle Assessment (2): Why database?
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= Comprehensive analysis of impacts throughout the whole system!
= No “Problem shifting”!
= Nothing is skipped!
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Master thesis: Impact maps
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Sustainability assessment toolbox

/" SSE: sustainability simulation environment

Yersion 1.0
About

Sustainability
Simulation
Environment

Start

2 Copyright 2017, Abdikaiym Zhiyenbek Exit
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SSE: purpose

= Environmental Impact Assessment:

= Inventory modelling environment for life cycle
assessment purposes

= Modeling:
= Parsimonious modelling in water resources,
agriculture etc. Sustainable

= Mathematical optimization: system

= Technical

= Economical

= Social

= Sustainability

= PISA framework
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SSE: general structure diagram

SSE package (Sustainability Simulation Environment)
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SSE: how it works

Life Cycle Inventories

Resource use data

Life Cycle Impact
assessment results

Energy use data If the input data is complete Scenarios analysis
results

SSE package (sustainability Optimized crop

Machinery use data . . . :
- simulation environment) production systems
Optimized livestock

SSE estimation systems

If not models

Sustainable integrated
systems
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GUI

Figure 1
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Scenario 1

Scenario 2

plolo+ | a

| |
0.00 0.05 0.10 0.15 0.20

kg CO2-eq./ kg of product

|
0.25

0.30

IRRRRRNI

fransport

farm machinery use
storage

fertilizers

emissions to air
water use

other impacts
greenhouse heating

-~ ‘}'l
{ E S D www.esd.ifu.ethz.ch/

© ecological systems design

Abdikaiym Zhiyenbek | 11/23/2017 | 17



Case study: Switzerland (1)
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Case study: Swiss import results for total
consumption (2)

citrus
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Mathematical optimization (1): Why?

Conflicting interests: R ¢
= Upstream vs. Downstream o
= Reservoir vs lrrigation

= Reservolir vs City flooding

Constrains:

= Cost vs Water saving A

= Cost vs Low impact — -
System optimization: I _l_ -

= Optimal design and planning
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Mathematical optimization (1): Dam vs Irrigation

_ _ Farmers Dams
Satisfaction 4 Satisfaction 4

1 1

> >

Irrigation Release
supply

Social aspect!!!
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Mathematical optimization (1): Dam vs Irrigation
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Mathematical optimization (1): Framework

STAKEHOLDERS

[

Participatory and Integrated Planning (PIP) procedure

1. Reconnaissance

v

2. Conceptualisation

2.1 Defining |, | 2.2 Defining criteria

actions and indicators

L) 2.3 Identifying [,

the model

v

A 4

3. Designing Alternatives

v

4. Estimating effects

v

5. Evaluation

v

6. Comparison and negotiation

7. Mitigation and
compensation

Compromise
alternatives

ye
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Political
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Mathematical optimization (1): Pareto frontier

Current situation
Hydropower
revenue

Irrigation
supply
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Mathematical optimization (2): Case study
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Mathematical optimization (2): Case study
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o

Ongoing research: What is done often

Incomplete
system
@ o eanssssss———]) ré‘ﬁﬁ
Resources Crop production Consumption
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Ongoing research: Zooming out

Complete system
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Ongoing research: PISA framework

Participatory and Integrated Sustainability Approach (PISA)

Conceptualization S
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Ongoing research: Spatially distributed version

500 m
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* Wind = Leaf area index (LAI) O Crop yield
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* Pressure = Land cover
« Dew point = Crop type classification
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Ongoing research: Field classification

73 TRAR1 A i ¥ .
g 1 o " Crop field

E Greenhouse

Results can be used for:

= Hot spots

Spatial analysis

= More precise crop and
greenhouse areas

= More accurate
regionalized impact
assessment
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Ongoing research: Crop type classification
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Ongoing research: New greenhouse model

Hner = T&F]F2AfH(f) - U(t)Ac(Tai(t) - T:ﬁlo (I))
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Ongoing research: Modelling assumptions

1 mm holes

< 50m >

—
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Ongoing research: Greenhouse types

Glasshouse greenhouse Multi-tunnel greenhouse
I S
Parral greenhouse Low-tunnel greenhouse
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Ongoing research: Greenhouse model results

Energy demand per m2
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Ongoing research: Greenhouse model results
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Ongoing research: Validation

?200

£

~

= 150]

3

S

S

_§100—

IS

O

<

> 50¢

< —— observed

S —— simulated

s -
‘\a“ £e0 ((\'a( 20¢ maN ‘\\)«“ '\\3\ a\)g ce? OG\' v(\O\I aeC

Months

ESD www.esd.ifu.ethz.ch/ Abdikaiym Zhiyenbek | 11/23/2017 | 38

ecological systems design



Ongoing research: Validation

250

PB=17.41
RMSE=37.00
MAFE=28.94

BIAS=17.06
L |R%2=0.79
R=0.89

N
)
o

150

-
-]
o

(o))
o

Simulated monthly heat demand [MJ/m?]

o

0 20 40 60 80 100 120 140 160 180
Observed monthly heat demand [M.J/m?]

ESD www.esd.ifu.ethz.ch/ Abdikaiym Zhiyenbek | 11/23/2017 | 39

ecological systems design



Ongoing research: greenhouse crop model

CUCUMBER: Shoot dry weight / Total plant biomass (RSH) CUCUMBER: Fruit dry weight / Shoot dry weight (RF)
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Ongoing research: greenhouse crop model

CUCUMBER: Fruit yield in m2
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Thank you for your attention!
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