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Hour 4: Life Cycle Inventory


LCA training for CIAT and WUR employees


July 4th, 2019, Roel Helmes


1. Life Cycle Inventory 
Intro


2. SimaPro Demo







Phase 2: Life Cycle Inventory


 One long list of 
emissions and resource 
extractions


1. Box model


2. Inputs & outputs


3. Connect background 
data


4. Aggregate emissions 
& extractions
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Example of a box model
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Propagation


Energy production


Packaging


Distribution


Retail


Consumption


Disposal


Cultivation


Energy production


Material production


Capital goods prod.


Emissions


Land use


Resource extraction







Questionnaires for primary data


 Grapes example
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Background data


 EcoInvent


 Agrifootprint


 World Food Database


 ...Others inside SimaPro


 Secondary data outside SimaPro


● Martin Heller’s database: Meta analysis on impacts


● Stoessel et al. 2012: Meta analysis on inputs


● More meta-analysis
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SimaPro Demo 1/2


LCA training for CIAT and 
WUR employees, Hour 5


July 4th, 2019, Roel Helmes







SimaPro Demo


 Structure of SimaPro: Libraries, Projects, Processes & 
“Workflow”


 Introduce EcoInvent Background data


● System / Unit


● CURC / APOS / Consequential (?)


● Market / Transformation


 Process (Grapes project)


 LCIA


 Show water scarcity characterisation


 Show Comparison
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Hour 5: LCI for Crops & Exercises


LCA training for CIAT and WUR employees, Hour 5


July 4th, 2019, Roel Helmes







Many flows on a farm
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What to think of


 Land use


 Fertilizer application


 Water use


 Pesticide application


 Machinery & Equipment


 Greenhouses, etc.
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What to think of (off-farm)


 Waste & Loss


 Transport


 Energy & Water use for processing


 ...discuss
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Use Guidelines for LCI modelling


 IPCC for greenhouse gases


 PEFCR Guidance!


 Database documentation: EcoInvent, AgriFootprint, 
World Food Database


 Data collection & Expert dialogue: WLR, WPR


 Run cropping models (matching data availability)
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Nitrogen
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Nitrogen and Phosphorus (Nutrients)


 Track inputs and outputs


 Choose & Apply soil nutrient model


 Deal with missing data


 Calculate losses (or shortages)


 Show Cocoa example
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Water
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Water “footprinting”


 It’s all about time and place and quality


 Green water, blue water, grey water


 Water withdrawal vs. water consumption


 Water consumption > Water stress


 Methods:


● Cropwat & Aquastat


● Estimate irrigation (actual / modelled)
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Pesticides & Chemicals: Toxicity
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The approach to toxicity impacts


1. A part of the applied amount is directly emitted to different 


environmental compartments: soil, water, air


2. The emissions are redistributed on a longer term over the 


environmental compartments and lead to exposures.


3. Environmental concentrations and Exposures lead to damage 


to ecosystems and humans.
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Application in 
field


Emission to
environment


Raised
concentrations
in environment


Ecosystem
damage


Exposure to
humans


Public Health 
damage


1.
2.


3.







The approach to toxicity impacts
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Application in 
field


Emission to
environment


Raised
concentrations
in environment


Ecosystem
damage


Exposure to
humans


Public Health 
damage


1.
2.


3.


Life Cycle Inventory Life Cycle Impact Characterization


Lijst met emissies Characterization Factors (CF)


Lijst met 
toepassingen


Lijst met 
factoren


Fate Factor (FF) Effect Factor (EF)







Big challenges


1. Transfer fraction from applied amount to emission is 
not part of characterisation; currently many coarse 
methods are available


2. Large uncertainties in Characterisation Factor from 
emissions to impacts


3. Not all toxic impacts are included in LCIA methods


4. Factoren not available for several pesticide products


5. Pesticide use is highly variable and site-dependent
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Exercise 6: Stoessel 2012 et al.


 Roel: Show in SimaPro


 Individual: Go through SI


● Pick a process


● Pick a flow


● Find a source


● What do you think of it?


 Discussion: Which choices would you make
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Multifunctionality


 Coproduction of marketable products


 Recyclable materials or waste?


 Depends on the goal of your LCA (discuss palm oil)


 ISO


1) Avoid allocation by splitting processes


2) Avoid allocation by system expansion


3) Physical causality


4) Economic allocation
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How to deal with multifunctionality


Milk Beef Leather Tallow


Cow
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• System expansion


• Substitution


• Allocation







Multifunctionality (draw on flipover)


• System expansion: FU = Protein & Leather; so when compare 
ImCow=ImBeef + ImLeather with ImAlt = ImPeas + 
ImSynthleather


• Substitution: FU = Protein, so ImBeef = ImCow –
ImSynthleather


• Allocation: ImBeef = AFBeef * ImCow, with AFBeef = CBeef / 
CTotal


• C:


• Energy invested by animal


• Mass


• Revenue (Economic)
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How to deal with multifunctionality


Milk Beef Leather Tallow


Labor Saving
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Exercise 7 (or Discussion?)


 Take your LCA goal & Scope


 Describe:


● Which part do you want to model yourself 
(foreground)? Why?


● Which part do you want to model with background 
data? Why?


● Which datasources do you use? For foreground & 
background modelling.


● Do you know fully what to do? How to decide?
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Hour 6: Emissions and herd dynamics 


modelling in livestock production 
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Environmental impact of diseases


in dairy farming


4-7-2019, Pim Mostert







Background 


 BSc Animal Sciences


 MSc Animal Sciences


 PhD ‘The impact of diseases in dairy cows on greenhouse 
gas emissions and economic performance


 Wageningen Livestock Research ‘Climate change and 
circularity’
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Content


 Why this study


 Methodology


 Results


 Discussion/questions
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Introduction


 14.5% GHG emissions from livestock sector


 Demand for milk production will increase by 58% in 
2050


 Diseases impact on milk production, reproduction, and 
culling


 Inefficient production impact on greenhouse gas (GHG) 
emissions
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Disease Incidence (%) Costs per case


Foot lesions ± 30 €333a


Clinical mastitis ± 27 $178b


Subclinical ketosis ± 25 €130c


Metritis ± 10 $707d


Displaced abomasum ± 4 $396d


Diseases: major cause of inefficiency


a. Raboisson et al. 2015. b. Cha et al. 2010. c. Mostert et al. 2018. d. McArt et al. 2015


Dairy production







Impact diseases on sustainability


Social sustainability


Environmental sustainability


Economic sustainability


a. Raboisson et al. 2015. b. Cha et al. 2010. c. Mostert et al. 2017. d. McArt et al. 2015







Aim
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Quantify the impact of diseases in dairy cows on 


greenhouse gas emissions







Methodology


 Simulate diseases and consequences


● Stochastic, dynamic, simulation model


 Impact on GHG emissions


● Life Cycle Assessment for Dutch situation


 Developed in R (statistical computing program) 
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Modelling


 Using simulations is generally cheaper, safer and 
sometimes more ethical than conducting real-world 
experiments


 Simulations can often be even more realistic than 
traditional experiments


 Simulations can often be conducted faster than real time


9NSF, 2006







Methods: simulating diseases


Dynamic, stochastic, simulation model (R)


Foot lesions


Clinical mastitis


Subclinical ketosis


No disease


Reduced 
reproduction


Milk losses


Removal risk 


Medication


Parity


P


1-P







Life of a dairy cow
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Milk loss clinical mastitis
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722 kg milk
309 kg discarded


1072 kg milk
424 kg discarded


590 kg milk
160 kg discarded







Methods: Estimation of GHG emissions
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Illustrations by Birgit Boogaard (www.kuwona.nl)
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Mostert et al. 2018







Average extra GHG emissions CM
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Mean: 58.0







Extra kg CO2e/t milk per case CM
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Mean: 58







Impact CM per parity on GHG emissions
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Sensitivity analyses
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Examples other mitigation options


19a. Raboisson et al. (2015); b,c,f. Mostert et al. (2018abc)


d,e. Van Middelaar et al. (2014ab) g. Mostert et al. (2019)


Emissions 


(kg CO2e/t milk) 


Income 


(€/cow/year)


Clinical mastitis (case/cow) -58g € 333a


Subclinical ketosis (case/cow)b,c -21 € 130


Foot lesions (case/cow) -14f € 80


Supplement of extruded linseed d -9 € -212


Supplement of a nitrate source -32 € -72


Harvesting younger grass/grass silage -11 € -6


Increase milk yield (687 kg/cow/year)e -27 € 122


Increase longevity (270 days) -23 € 82







Take home message


 Reducing diseases can reduce GHG emissions


 Removal and discarded milk high impact


 Estimate per situation or per farm
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Thank you for 


listening


Questions?
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Hour 7: LCA Phase 4: Interpretation


LCA training for CIAT and WUR employees


Roel Helmes, July 2019


1. Theory & Discussions







Questions today?
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Question to you


What do you normally do to finish your research, once 
you have results from your work?


3







Framework


1. Goal and scope definition


2. Life Cycle Inventory (LCI)


3. Life Cycle Impact Assessment (LCIA)


4. Interpretation


4







Interpretation: Which steps?


 Contribution analysis = Hotspot Analysis


 Sensitivity analysis


 Quality checks, a.o. an evaluation of completeness and 
consistency


 Identification of the significant issues 


 Define limitations, and recommendations


 Many reasons to adjust Phases 1 – 3(!)


 Conclusion
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Hotspot Analysis


 Structured approaches: PEFCR development


 Alternatively: Interesting approaches 


● Flexibility


● Iteration


 Regardless of application: improve data & modelling
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Using Endpoint Indicators
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Variability & uncertainty


Variation = Uncertainty + Variability


 Sources of variation


● Method choices (in LCI and LCIA)


● Assumptions (in emission modelling & background 
data choice)


● Data


Approaches to analyse


 Scenario studies


 Sensitivity studies


 Monte Carlo Analysis
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Scenarios: Climate Change


 Forest cultivation: Less carbon loss, less nitrogen loss


 No deforestation: No effect of carbon loss


 Excluding nitrogen losses: less climate change


 Less optimistic yield: strong increase
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Sensitivity
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AT2 AT3


-20 +20 -20 +20


Climate ChangeWByield 24% -16% 22% -15%


LUC_area -15% 15% -12% 12%


N2O -4% 5% -6% 5%


allTDs 0% 0% 0% 0%


Land use WByield 25% -16% 23% -16%


LUC_area 0% 0% 0% 0%


N2O 0% 0% 0% 0%


allTDs 0% 0% 0% 0%


Fossil resource scarcityWByield 2% -1% 1% -1%


LUC_area 0% 0% 0% 0%


N2O 0% 0% 0% 0%


allTDs -3% 3% -4% 4%







Data quality assessment


1. Reliability


2. Completeness


3. Temporal representativeness


4. Geographical correlation


5. Technological representativeness


6. ... Different typologies...


 Scoring approach


 Structures discussion


 (Source of uncertainty information for Monte Carlo)
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Monte Carlo Analysis


 Define distributions for “all” model parameters


 Select values at random for parameters and run model


 Repeat


 Store each result and study the distribution of the results


 Draw on flipover


 Discuss He et al. 2018, methods section
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Hour 8: Food Consumption patterns


LCA training for CIAT and WUR employees


Roel Helmes, July 2019


1. Discussions







Discussion on basics


 General approaches


 Specific methods


Why so little impacts?


 Data sources for LCA info


 Discuss He, Temme, Notarnicola,


 Consider also Kernebeek, production based: 
https://link.springer.com/article/10.1007/s11367-015-
0923-6
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https://link.springer.com/article/10.1007/s11367-015-0923-6





Other studies


 Australia


 Ireland


 ...


 PEFCR Retail?
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Discussion


What are next steps for this project, for everyone’s 
contributions?


● Flip over > Discussion with notes; continued on Th
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Hour 9: Special topics & Questions


LCA training for CIAT and WUR employees


Roel Helmes, July 2019


1. Special Topics 
2. Closing discussion & 


questions
3. Optional topics


1. Multifunctionality
2. Land Use







Special Challenges for Agri-LCA


1. How to allocate deforestation to land use activities


2. How to assess agricultural emissions profiles


3. How to make regionalized water scarcity assessments


4. How to choose the functional unit of food and beverages


5. How to deal with multi-functional processes in agro-industry
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Special Challenges for Agri-LCA


1. The variability of food production


2. Distinction between technosphere and ecosphere


3. The most appropriate functional unit


4. Multifunctionality of biological systems


5. Consumer behaviour
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Framework


1. Goal and scope definition


2. Life Cycle Inventory (LCI)


3. Life Cycle Impact Assessment (LCIA)


4. Interpretation
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Finishing the training


What is the question about LCA you’d like to ask now?


What was your biggest surprise about LCA?


What will you do different in the coming 6 months?


Which big question would you like to solve in 6 months?
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Feedback


What would you tell your colleagues about the training?


What would you like to improve in the training?
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Optional discussion exercise: pro’s & con’s


Pros Cons


Technical choices


Subjective 
choices


Data 
requirements


Uncertainties


Choices are 
made explicit


Complete life 
cycle


Best tool 
available


Multiple impact 
categories


23







Optional items (not discussed)


 Reflecting on LCA


 Functional Unit (Ponsioen and Notarnicola)


 Multifunctionality (slides below)


 Land Use (slides below)


 Nutritional questions (Ponsioen)


 Cultural & Behavioural questions (Notarnicola)
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Reflecting on LCA


What is your goal with LCA?


How much time, skills and data?


Who wants this LCA?


Which disciplines do I borrow?
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Multifunctionality


 Coproduction of marketable products


 Recyclable materials or waste?


 Depends on the goal of your LCA (discuss palm oil)


 ISO


1) Avoid allocation by splitting processes


2) Avoid allocation by system expansion


3) Physical causality


4) Economic allocation
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How to deal with multifunctionality


Milk Beef Leather Tallow


Cow
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• System expansion


• Substitution


• Allocation







Multifunctionality (draw on flipover)


• System expansion: FU = Protein & Leather; so when compare 
ImCow=ImBeef + ImLeather with ImAlt = ImPeas + 
ImSynthleather


• Substitution: FU = Protein, so ImBeef = ImCow –
ImSynthleather


• Allocation: ImBeef = AFBeef * ImCow, with AFBeef = CBeef / 
CTotal


• C:


• Energy invested by animal


• Mass


• Revenue (Economic)
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Multifunctionality: even more complex


Milk Beef Leather Tallow


Labor Saving
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Land Use Change - Intro


 Tropical deforestation is about 10 Mha / yr and accounts 
for 10% global carbon GHG emissions and drives 
biodiversity loss


 Causes are complex: Infrastructure & urbanisation, 
agricultural expansion (95% observed), wood extraction; 
everything relates to everything


 The drivers are more and more global and commercial; 
with a change (and variability) in driving product: beef, 
soy, palm oil.


 Different types of land use cause different GHG 
emissions
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Land Use Change - Methods


 Initial emission & over time emissions


 How to distribute these over


● Time (what is the time horizon?)


● Different crops


 Different principles: what drives LUC?


● Global land demand


● National / Regional cropping changes 


● Cropping changes ON deforested area


● Every individual involved (farmer, forester)
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Three days training on Life Cycle Assessment (LCA) training for food systems 
background document 
Project: Resource-smart urban value chains and food systems (project leader Vincent Linderhof) 
Training dates: July 3-5, 2019 
Developed by: Roel Helmes (Wageningen Economic Research) 
Trainers: Roel Helmes with a contribution of Pim Mostert (Wageningen Livestock Research) 
 
Context 
In order to make basic choices regarding the methods and general approach of the project “Resource-
smart urban value chains and food systems” in discussion with each other, the project members from CIAT 
and affiliates from Wageningen University need to have basic knowledge of LCA. They need more 
background on the application of LCA in food systems and the link to (healthy) diets. In this way, the 
researchers can utilize the expertise and experience available in the Vietnamese stakeholder field and their 
own research skills more effectively for the project goals. In order to go further in-depth in modelling and 
direct innovation of LCAs of individual food items, the researchers more background in modelling and data 
collection approaches within LCA, and the challenges therein. 
 
Goal 
The course participants will be able to: 


- Understand all concepts of LCA 
- Read and understand LCA studies and papers for interpretation and meta-analysis 
- Talk with LCA experts on their research needs 
- Work on excel based LCAs in cooperation 


Participants will not be able to:  
- Do an LCA in LCA software 
- Know their way through all methodological options in a food LCA 


 
Structure of the training: 
 
Each course day was divided into two parts: 


- In the morning: presentations on the definition and concepts of LCA and assignments on the theory 
on group or individual basis, under supervision of the trainer. 


- In the afternoon: practice applying LCA to the framework through individual exercises and through 
project oriented work, reading scientific literature, and defining questions for the trainer. 


 
Trainer: Roel Helmes (Wageningen Economic Research) 
 
Day 1: Wednesday July 3rd 


1. Introduction 
a. General introduction to LCA 
b. Quick Examples of LCA 
c. Exercise 1 / Discussion: Your goals for the training & getting to know each other 


2. LCA Phase 1: Goal & Scope AND LCA Phase 3: Impact Characterization 
a. Goal & Scope Definition 
b. Exercise 2: Drawing a supply chain and getting to know the underlying supply network 
c. Exercise 3: Setting up the goal for your own LCA work 
d. Life Cycle Impact Characterization 


3. Exercise on translating goal of work to scoping choices and data requirements 
a. SimaPro Demo 1: Intro, including Life Cycle Impact Characterization 
b. Exercise 4: Life Cycle Thinking: Is LCA suitable for the example as a means of analysis or 


not? 
c. Exercise 5: Setting up the scope for your own LCA work 


 
  







Day 2: Thursday July 4th 
1. LCA Phase 2: Life Cycle Inventory 


o Life Cycle Inventory Intro 
a. Emission modelling for crops 


 Nutrients 
 Pesticides 
 Suggested reading: Stoessel et al. (2012) 
 Further reading: Ponsioen and Van der Werf (2017) on pesticide contamination 


in food (Section 2.2) and water Scarcity (Section 2.3) 
2. Discussion & Translation to practice 


a. SimaPro demo: LCI & Water Scarcity 
b. Discussion of Stoessel et al. (2012) according to specific questions on methods and results 
c. Exercise 6: Studying an LCI modelling approach together for potential replication 


3. Emissions and herd dynamics modelling in livestock production 
a. PhD work of Pim Mostert (Mostert, 2018) 
b. GLEAM: what does it do, how does it work? 
c. Background material: Mc Leod et al. (2018)  


 
Day 3: Friday July 5th 


1. LCA Phase 4: Interpretation 
a. Introduction (including Monte Carlo Analysis) 


i. Suggested reading: Method section (at the end) of He et al. (2018)  
b. Maybe SimaPro Demo 
c. Discussions 


i. Suggested reading: Poore and Nemecek (2018) 
2. Food consumption patterns 


a. Introduction 
i. Suggested reading: He et al. (2018) and Temme et al. (2014); compare methods 


& general approaches 
ii. Optional reading: Notarnicola et al. (2017b) 


b. Discussion: What are next steps for this project, for everyone’s contributions? 
3. Special topics & Questions 


a. Special Challenges (Ponsioen 2017; Notarnicola et al. 2017a) 
b. Land Use Change, see Section 2.1 of Ponsioen and Van der Werf (2017) 
c. Optional Discussion and Exercise, see Section 2.4 of Ponsioen and Vander Werf (2017) 
d. Questions 
e. Closing Discussion 


 
Acknowledgement 
The authors and trainers are grateful for financial support the flagship program Food Systems for Healthier 
Diets of the CGIAR program Agriculture for Nutrition and Health (A4NH). 
 
  







Recommended reading: 
He, P., Baiocchi, G., Hubacek, K., Feng, K., and Yu, Y. (2018). The environmental impacts of rapidly 


changing diets and their nutritional quality in China. Nature Sustainability, 1(3), 122. 
Mostert, P. (2018). The impact of diseases in dairy cows on greenhouse gas emissions and economic 


performance. PhD thesis. Wageningen University and Research, 150 pp. 
Notarnicola, B., Sala, S., Anton, A., McLaren, S. J., Saouter, E., and Sonesson, U. (2017a). The role of life 


cycle assessment in supporting sustainable agri-food systems: A review of the challenges. Journal of 
Cleaner Production, 140, 399-409. 


Notarnicola, B., Tassielli, G., Renzulli, P. A., Castellani, V., and Sala, S. (2017b). Environmental impacts 
of food consumption in Europe. Journal of Cleaner Production, 140, 753-765. 


MacLeod, M. J., Vellinga, T., Opio, C., Falcucci, A., Tempio, G., Henderson, B., ... & Gerber, P. J. (2018). 
Invited review: a position on the global livestock environmental assessment model (GLEAM). animal, 
12(2), 383-397. 


Ponsioen, T. C., and Van Der Werf, H. M. G. (2017). Five propositions to harmonize environmental 
footprints of food and beverages. Journal of cleaner production, 153, 457-464. 


Poore, J., and Nemecek, T. (2018). Reducing food’s environmental impacts through producers and 
consumers. Science, 360(6392), 987-992. 


Stoessel, F., Juraske, R., Pfister, S., and Hellweg, S. (2012). Life cycle inventory and carbon and water 
foodprint of fruits and vegetables: application to a Swiss retailer. Environmental science & 
technology, 46(6), 3253-3262. 


Temme, E. H., Toxopeus, I. B., Kramer, G. F., Brosens, M. C., Drijvers, J. M., Tyszler, M., and Ocké, M. C. 
(2015). Greenhouse gas emission of diets in the Netherlands and associations with food, energy and 
macronutrient intakes. Public health nutrition, 18(13), 2433-2445. 








Slide Deck LCA training July 3 – 5 @WUR


LCA training for CIAT and WUR employees


Roel Helmes, July 2019







Hour 1: Introduction to LCA


LCA training for CIAT and WUR employees


July 3rd, 2019, Roel Helmes


1. General Introduction


2. Quick Examples of LCA


3. Exercise 1 / Discussion







Movie


 Movie:https://www.youtube.com/watch?v=r0ucT1KRiO4


 What is most relevant?
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https://www.youtube.com/watch?v=r0ucT1KRiO4





Exercise 1 / Discussion


 Who are you?


● Name, hometown, where you were born, family, ...


● Work experience


 Which (various) things would you like to achieve within 
your contribution to the project “Resource-smart urban 
value chains and food systems”?


 What would you want to achieve with this LCA training?


 Think of three questions for this training
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The LCA basics


 Focused on a product or a service


 Chain perspective: production, consumption, EOL


● Also suppliers to production, transport, etc.


● Smart focus on the largest impact, also use sec. data


 Fixed framework:


1. Determine goal and scope


2. Determine emissions and extractions of all steps in 


chain


3. Translate those to environmental impacts: climate, 


land, water, nutrients, etc. (&compare)


4. Interpretation
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Learning Objectives (Roel)


 Understand all concepts of LCA


 Read and understand LCA studies and papers for 
interpretation and meta-analysis


 Talk with LCA experts on your research needs


 Work on excel-based LCAs in cooperation


Not:


 Do an LCA in SimaPro


 Know your way through all methodological options


6







The example of milk: the chain perspective
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Framework


1. Goal and scope definition


2. Life Cycle Inventory (LCI)


3. Life Cycle Impact Assessment (LCIA)


4. Interpretation
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1. Goal and Scope Definition


1. Definition of the objectives of the assessment


2. Background & Audience


3. Definition of the system boundary


4. Definition of the functional unit


5. Assumptions and limitations


6. Data quality
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2. Life Cycle Inventory Modelling


1. Collection of data necessary for the assessment


2. Data processing


3. Multifunctionality
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3. Life Cycle Impact Assessment


1. Classification of release into impacts


2. Impacts calculation 


3. Also: Normalisation


4. Also: Weighting
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4. Interpretation


 Contribution analysis


 Sensitivity analysis


 Quality checks, a.o. an evaluation of completeness and 
consistency


 Identification of the significant issues 


 Define limitations, and recommendations


 Many reasons to adjust Steps 1 – 3(!)


 Conclusion
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Quick examples of LCAs
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Cocoa from Papua New Guinea
2018







Basic Nutrient Balance with WPR
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Brazilian Beef
2017







Developing realistic scenarios with WLR
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SC1: improved pastures during the finishing stage
SC2: feedlot system during finishing stage
SC3: improved pastures + reduced age of first calving + improved fertility
SC4: like SC3, finishing stage in feedlots, with concentrated feeds (incl. by-products)
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Plastic from Seaweed
2015







Including fermentation in a chain model 


with WFBR
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Hour 2: Goal and Scope & Impact 


Characterization


LCA training for CIAT and WUR employees


July 3rd, 2019, Roel Helmes


1. Goal & Scope Definition


2. Exercise 2


3. Exercise 3


4. Life Cycle Impact Assessment 







Phase 1. Goal and Scope Definition


1. Definition of the objectives of the assessment


2. Background & Audience


3. Definition of the system boundary


4. Definition of the functional unit


5. Assumptions and limitations


6. Data quality
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Upstream processes


Energy & 
materials


Energy & 
materials


Energy & 
materials


Energy & 
materials


Energy & 
materials


Energy & 
materials







Downstream processes


Residues & 
coproducts


Residues & 
coproducts


Residues & 
coproducts


Residues & 
coproducts


Residues


Residues & 
coproducts







Emissions and extractions of all processes!


Air: CO2, N2O, CH4, NOx, particles
Water: NO3


-, PO4
3-, organics, metals


Land use: occupation, transformation
Resource: water, fossil fuels, minerals


Air: CO2, CH4


Water: BOD, COD
Land use: occupation
Resource: water


Air: CO2


Air: CO2, NOx, particles
Air: CO2


Air: CO2, N2O, CH4


Water: BOD, COD







Exercise 2: Draw on flip over


 Choose an agricultural product (a processed one)


 Draw circle; name steps


 Connect upstream and downstream


 Connect extractions and emissions


 What do you want to achieve? What do you want to 
know from about this whole system?
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Determine goal of LCA


1. Hotspot analysis (which chain step/ which impact)


2. Product benchmarking & monitoring


3. Improvement opportunity assessment


4. Product design (materials/ingredients)


5. Scenario/policy analysis (DSS)
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Choose functional Unit


 What?


 How well?


 How long?


 How much?


● Mass / volume?


● Nutritional value?


● Economic value?


 Define the function (examples of milk & paint)


 Functional unit & Reference flow
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Choose system boundaries


 See flipover exercise


 Cradle to gate or cradle to grave


 Exclude home-work transport


 Exclude very small inputs


 Exclude capital goods
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How to deal with multifunctionality


Milk Beef Leather Tallow


Cow
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Phase 3. Life Cycle Impact Assessment


1. Classification of emissions and extractions into 
impacts


2. Impacts characterisation 


3. Also: Normalisation


4. Also: Weighting
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Choose environmental impacts
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Midpoint and Endpoint methods
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Cause effect chain: Ex. Climate Change
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Emissions to 
atmosphere


Time 
integrated 


concentration


Radiative 
forcing


Climate 
Change


Ecosystem 
effects


Net Primary 
Production


Changing 
Biomes


Decreasing 
biodiversity


Wildfires Others


Effects on 
humans


Malnutrition


Death and 
disease


Flooding
Infectious 
diseases


Heat stress







The result of Normalization & Weighting
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Remaining categories


Human toxicity


Fossil depletion


Particulate matter formation


Agricultural land occupation


Climate change Human Health


• Slightly higher yield in system of product B
• Higher toxicity impact in product B due to pesticides use.
• Higher climate change impact product A due to N2O &
higher particulates impact product A due to NH3 (manure).







Normalization & Weighting


 Normalization


● Divide by the score of a person*yr to relate to 
reference impact (which person, which year)


 Weighting


● Human Health (DALY) <> Nutrition (Jolliet et al.)


● Ecosystem Quality (species.yr)


● Resource Depletion (US$ or MJ)
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Choices, choices, choices


 Which environmental impacts


 How to weigh impacts:


● Relate to scenarios, improvements, trade-offs


● Listen to funder & stakeholders


● From Midpoint to Endpoint Indicators:


● Expert judgment


● Societal Priorities (e.g. Panels)


● Distance-to-target


● Overshoot: Planetary Boundaries
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Hour 3: Demo & Discussion


LCA training for CIAT and WUR employees


July 3rd, 2019, Roel Helmes


1. SimaPro Demo 1: Intro


2. Exercise 4


3. Exercise 5







Exercise 3: Goal definition


 Write down and group the things you would like to 
achieve within your contribution to the project 
“Resource-smart urban value chains and food systems”?


 Which parts could LCA solve? What is the goal of your 
LCA work?


38







Ex. 4: Life cycle thinking: Yes or No? (1)


● A study assessing the amount of feed in a diary 
farm


● A study assessing the impact of mixed systems 
considering the full supply chain upstream the 
agricultural phase


● A study assessing the ingredients and energy 
consumption for producing a Margherita type pizza
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Ex 4: Life cycle thinking: Yes or No? (1)


 A study assessing the amount of waste produced by a 
supermarket on the basis of the number of customers


 A study assessing the impact of wheat production, 
considering agricultural input production


 A study assessing the potential impact of bioenergy 
power plant considering different pathways of conversion 
and biomass feedstocks
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Exercise 5


 Use the LCA goal of exercise 3


 Determine scope choices:


● Functional unit


● System boundaries


● Environmental impacts
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SimaPro Demo 1: Intro & LCIA


LCA training for CIAT and WUR employees, Hour 3


July 3rd, 2019, Roel Helmes


Grapes


Show 1 process


Show 1 characterization


Show 1 comparison





