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Executive summary  

 

The current report provides the general methodological background documentation 
on the REFRESH FORKLIFT tool  for life -cycle assessment and life -cycle costing. Pro s 
and c ons of the modelling approach are  discussed , and in particular, how it may 

complement the REFRESH food -use hierarchy. Details about the methodological 
considerations, general principals and assumptions are found in this report .  

Urged by the importance of resource efficiency and the circular economy agend a 
of EU and national policy makers, many stakeholders are seeking alternatives for 
current surplus food or side flow s within the food supply chain. Any new valorisation 

route for side flow s (i.e. not the driving product s) will be associated with monetary 
and environmental impacts. Robust, consistent and science -based approaches 

could allow informed decision making at all levels, from individual stakeholder to 
policy level. The EU H2020 funded project REFRESH (Resource Efficient Food and 

dRink for the Entire  Supply cHain) aims to contribute to food waste reduction 
throughout the food supply chain and evaluate the environmental impacts and life 
cycle costs.  

Life Cycle Analysis (LCA) and Life Cycle Costing (LCC) are well -documented and 
common approaches for ass essing the environmental impacts and costs of a 

system. Both LCA and LCC are characterised by allowing for a large flexibility in 
system scoping. Consistent approaches are required for reliable comparisons 
between different options. Furthermore, assessors might have a deep knowledge 

of the systems they are assessing but not an in -depth understanding of LCA or LCC. 
Thus, highlighting challenging methodological aspects and encouraging the 

practitioner to identify the most relevant questions contributes to a b etter scoping 
practice of LCA and LCC. Based on the guidelines provided in the REFRESH report 
ñGeneric strategy LCA and LCC ò (Davis et al. 2017)  1, we developed FORKLIFT(FOod 

side flow  Recovery LIFe cycle Tool)  a simplified learning tool in a spreadsheet 
format, which provides a basic footprint analysis of greenhouse gas emission s and 

costs .  

The FORKLIFT toolbox ( Figure i) . was developed to help stakeholders gain a general 
understanding and to highlight the envi ronmental impacts and costs for selected 

valorisation routes of a given side - flow. Being a learning tool, it is not intended for 
full footprint analysis to be communicated. It can be considered as a first step in 

understanding the dynamics of selected para meters usually controlled by the 
generator or the user of the side - flow. The model can be used by policy makers, 
researchers, professionals, businesses, and other interested stakeholders  

  

                                       

1 https://eu - refresh.org/generic -strategy - lca-and - lcc 



 

D5.4 Simplified LCA & LCC of food waste valorisation   4  

Figure  i : The FORKLIFT toolbox: Methodological approach, descriptio n of the 

valori sation routes and data sources and modelling assumptions, the web - based 

spreadsheets tools for evaluation of GHG gases and costs  

 

.  

How can users apply the FORKLIFT  spreadsheet tools  

By using FORKLIFT the user can gain an understanding of a system from an 
environmental and cost view. The user of the tools has the possibility to compare 
static systems which are reasonable to consider and change default values 

according to his/her contextsô specific situation (e.g. country, means of transport, 
heat source). Effects of the change are immediately shown in the result figure which 

enables the user to try different parameters and watch the effects. Emissions and 
costs of the valorisation option are shown in relation to a range of comparison 
product s. Which kind of product on the market will really be supplemented is up to 

the user. The tool covers different food side - flows, which are different in terms of 
nutrients, fats, proteins, carbohydrates and fibres. The spreadsheet tool can point 

towards are as of high impact (hotspots) and can support decisions for 
interventions.  

Specifically, FORKLIFT has a cradle - to - factory gate perspective, starting from the 
point of generation of the side flow up to its valorisation. GHG emissions from the 
upstream proces ses, before the side flow  was generated, are allocated between the 

main product and side flow , based on their  actual or estimated economic value for 
the generator of the side flow (economic allocation). Side flow  price , however,  

directly represent s the cos ts of upstream processes. The tool does not consider 
future market developments and the impact of potential large -scale changes on 
infrastructures. For capturing such changes, the user is recommended to apply a 

full consequential LCA -LCC assessment followi ng the guidelines provided in the 
REFRESH report ñGeneric strategy LCA and LCCò2. Selected valorisation routes for 

                                       

2 https://eu - refresh.org/generic -strategy - lca-and - lcc 
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apple pomace, brewers spent grain, tomatoes, slaughtering by products (blood), 
and whey permeate, are further explored in the i n the REFRESH report D6.10 

Valorisation spreadsheet tools.  

What can we learn  from  the FORKLIFT tool  

FORKLIFT spreadsheets are easy to use which enable the user to change different 
parameters and to try out how these changes affect the life cycle costs and 

emissions. It is therefore a suitable learning tool with the additional effect of making 
it possible  to compare the results with alternative systems available on the market. 
A stakeholder that generates or utilises a side flow  can interpret the results 

regarding the effects of interventions themselves, as they are also often the ones 
who know the market conditions best.  

 
The tool clearly shows that many parameters influence the outcomes and that it is 
not easy to make  universal conclusions regarding  the best environmental or 

economic  options. This is  highly dependent on the context (country, energy 
sourc es, substituted products at the markets). Thus, it may serve as an important 

complement to a food use hierarchy.  

In FORKLIFT quantitative data has been gathered and streamlined for selected 
important side flows to make LCA and LCC approaches accessible to  user s,  thus 

the model , to some extent , fill s the gap between qualitative models (e.g . the food 
use hierarchy ) and quantitative models.  

Finally, and most importantly, the tool may enhance stakeholdersô possibilities to 
pinpoint environmental and cost relat ed hotspots in a given context. As such it can 
support the stakeholder in the early phase of development taking informed 

decisions of a valorisation process/waste management option without having a full 
inventory at hand and thus contribute to the developm ent of economic and 

environmentally sustainable handling of food side flows .  
 
The framework developed and the specific spreadsheet models, which are 

thoroughly described, can be extended with other side flows in the future. From 
this perspective the curre nt work should be seen as a starting point .  
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1   Introduction 

The REFRESH project aims at contributing towards the EU Sustainable Development 

Goal 12.3 of halving per capita food waste at the retail and consumer level and 
reducing food losses along production  and supply chains, reducing waste 

management costs, and maxi mis ing the value from un -avoidable food waste and 
packaging materials.  

This goal can only be achieved if food is produced using the available resources 

efficiently and effectively, from both an e conomical and environmental perspective. 
This includes the prevention of unwanted side flows from the food supply chain, as 

well as utilising any value from such side flows to the best effect. Such an increase 
in resource efficiency will have an economic e ffect, while reducing the pressures on 
climate, water, and land use.   

Generally, a new valorisation route for side flows from the food supply chain will be 
associated with impacts (monetary and environmental), for example for capital 

investments or develop ing new technologies. In the long term, however, this might 
lead to better resource utilisation, which will result in lower running costs and 
reduced environmental impact. Thus, informed decision making at all levels, from 

individual stakeholder to policy level, requires robust, science -based approaches to 
analyse such scenarios.  

Life Cycle Analysis (LCA) and Life Cycle Costing (LCC) are well -documented and 
common approaches for assessing the environmental impacts and costs of a 
system. Both LCA and LCC ar e characterised by allowing for a large flexibility in 

system scoping. Consistent approaches are required for reliable comparisons 
between different options. Furthermore, assessors might have a deep knowledge 

of the systems they are assessing but not an in -depth understanding of LCA or LCC.  

While t he REFRESH report ñD5.3 Generic strategy LCA and LCCò provides guidelines 

on how to assess side flow s combining LCA and LCC, FORKLIFT (FOod side flow 
Recovery LIFe cycle Tool) aims at providing stakeholders with a hands -on tool 
helping to gain a general understanding and highlight the environmental impacts 

and costs for selected valorisation routes, focusing on selected parameters.  

By highlighting challenging methodological aspects and encouraging practitioners 

to identify the most relevant questions, t he learning spreadsheet tool is destined 
to policy makers, researchers, professionals, businesses, and other interested 
stakeholders and addresses the following REFRESH objectives:  

¶ Supply consistent LCA and LCC dat a for selected cases of valorisation routes 
to be used for the identification of the most sustainable and economically 

viable solution.  
¶ Contribute to the development of the REFRESH decision support system and 

develop an accessible web -based tool providing consistent LCA and LCC data.  
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2   Goal and scope of this report 

2.1  Specific objectives  

The specific objective of this report is to provide the background documentation on 

the REFRESH FORKLIFT tool from a methodological perspective. The report outlines 
the methodological choices and assumption related to the goal and scope, the 
limitations of the model, and the intended audience. Furthermore, this report 

presents generic models on valori sation and disposal options, which are available 
across all side flow s ( e.g. anaerobic digestion, end -of - life treatment) and general 

considerations on the assessment of animal feeding and ferti lis ing. All side flow 
specific valorisation options and corresponding data inventory, as well as the 
specific data inventory for the ge neric valorisation and disposal options, are 

described in ñValorisation spreadsheet tools ï Learning tool for selected food side 
flows allowing users to indicate life cycle greenhouse gas emissions and costsò. 

Worked out examples are used to illustrate imp ortant aspects for the development 
of new valori sation routes, the benefits of the tool, as well as it s limitations .  

The FORKLIFT tool (FOod side flow Recovery LIFe cycle Tool) is intended to be 

disclosed to public.  

 

Figure 1 : T he FORKLIFT toolbox: Methodological approach, description of the 

valori sation routes , data sources and modelling assumptions  for  web - based 

spreadsheet tools evaluati ng GHG gases and costs  

 

2.2  Selected products and routes  

2.2.1  Food side flow s 

Side flow s of the food supply chain (FSC) are defined as a material flow of food and 

inedible parts of food from the food supply chain of a driving product. The 
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stakeholder in the FSC producing this flow tries to have as little as possible of it. 
The principle óthe less, the betterô applies to these flows (Davis et al. 2017) . 

The choice of side flows implemented in FORKLIFT are based on recommendations 
by experts/stakeholders within REFRESH provided in ñTop 20 Food Waste Streamsò 

(Moates et al, 2016) and ñValorisation appropriate waste streamsò (Sweet at al.  
2016) based on the following criteria:  

¶ Difficult to prevent;  

¶ Large volumes and/or significant environmental impacts;  

¶ High valorisation potential ;  

Selected side flow s for the assessment are: apple pomace, blood from slaughtering, 
brewer sô spent grain, tomato pomace, whey  permeate and  rapeseed press cake.  

2.2.2  Valorisation options  

Valorisation options representing REFRESH Situations 2 -4 (see section 4 and 5 for 
more details) were identified through an in -depth literature su rvey and 

experts/stakeholderôs knowledge within REFRESH (Moates et al, 2016). Only 
mature technologies were considered. Valorisation options are described in detail 

in the Annex to D6:10 ñValorisation spreadsheet tools ï Learning tool for selected 
food sid e flows allowing users to indicate life cycle greenhouse gas emissions and 
costsò.  

To maintain accuracy, each side flow was modelled separately considering  the 
specific circumstances and constraints related to the side flow, such as valorisation 

potential , constraints relating to processing and handling (water content, 
perishability, legal requirements), its value and environmental upstream impact , 
etc.  

Figure 2  and  Figure 3  provide an overview of the selected side flow and valorisations 
options included in the model.   
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Figure 2 : Valorisation and disposal options included in the spreadsheet tool 

óFORKLIFTô ï part I  
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Figure 3 :  Valorisation and disposal options included in the spreadsheet tool 

óFORKLIFTô ï part II  
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2.3  Validation  

A qualitative validation of the developed models was carried out, making use of 
experienced LCA and LCC and process experts in the team, considering uncertainty 

and the impact of the parameters in the spreadsheet model (se e Figure 4). Previous 
LCA studies of food production and processing systems show that the magnitude 
and type of energy used, resource utilisation, as well as emission s of methane and 

nitrous oxide  are important parameters for indicating global warming impact . When 
setting up the models, the focus has been on capturing these parameters.  

 

 

  

 

Figure 4  Validation matrix used for the spreadsheet models  

  

Intermediate 
sensitivity: high 

impact , low 
uncertainty 

Critical parameters: 
high impact high 

uncertainty

Least critical 
parameters: low 

impact , low 
uncertainty

Intermediate 
sensitivity: low 
impact, high 
uncertainty 

Impact  

Uncertainty  
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3   Methodological considerations  

3.1  Detailing the approach based on the REFRESH 
guidance  

Life Cycle Analysis (LCA) and Life Cycle Costing (LCC) are well documented and 
generic approaches for assessing the env ironmental and cost dimensions of a 

system. LCA summarises all environmental impacts associated with the life cycle 
of a product and an E -LCC (environmental -LCC), being the method applied in 

REFRESH and the FORKLIFT tool, is an LCC approach that summa rise s all costs 
associated with the life cycle of a product including those involved at the end of 
life. In an E -LCC the costs must relate to real  money flows. Externalities that are 

expected to be internalised must also be included. An E -LCC is a costing metho d 
that can be integrated with LCA (i.e. having same functional unit and system 

boundaries)   
  
The core approach  in the FORKLIFT  tool is based on the framework presented  in  

the REFRESH report  ñGeneric strategy LCA and LCC-Guidance for LCA and LCC 
focused on  prevention, valorisation and treatment of side flows from the food 

supply chainò (Davies et al., 2017). The framework recommends the following 
stepwise procedure:  
 

1.  Phrase the question of your study ; what is the purpose of the study?  

2.  Establish if the flow being investigated in the study  is a side flow (if not, 

then this is outside the scope of this report ), and which REFRESH situation 

is applicable, by using the decision tree in Figure 3. In the case of  several 

situations (scenarios) run through the decisio n tree for each situation.  

3.  Establish whether your study is a footprint or  intervention study, by using 

the decision tree provided.  

4.  If cost is assessed, est abli sh if E -LCC is suitable for the  study  

5.  Utilise provided tables  for recommendations on methodologic al choices in 

the LCA/LCC study.  

 

The stepwise procedure was applied for FORKLIFT according to:  
 

Step 1: Phrase the question of the study, identify the audience for the 
result  
FORKLIFT is developed to  help business  and stakeholders  in  identify ing  food -

side flows/waste stream s, as defined in ñGeneric strategy LCA and LCC ò (Davis, et 
al. 2017), that are appropriate to be valori sed,  and provides  a first indication of 

potential hotspots for a given valorisation  route.  
FORSKLIFT responds to the followi ng question:  What are the potential 
environmental and cost implications of a valori sation route of a side  flow  as defined 

in Davis et al. (2017) .  

Step2: Establish which REFRESH situation (RS)  
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FORKLIFT is developed for comparisons between RS2  -  Side flow valorisation, RS3  
-  Valorisation as a part of waste management and RS4  -  End of life treatment. A 

decision tree for determining RS is provided  in  Figure 5. RS1 -  Preve ntion of a side 
flow is not within the scope of the model .  

 

 
 

Figure 5 :  Scope of the spreadsheet tool developed (Davis  et al . , 201 7 )  

 

Step 3: Footprint or intervention study  
The results obtained from FORKLIFT should provide an indication of environmental 

effects and costs, but not serve as a decision support tool for interventions as such. 
Considering the question of the study (Step 1) ñWhat are the potential 
environmental implications and cost implications of  a valori sation route of a side 

flow  as defined by Davis et al (2017 )ò? The tool should give  a principal 
understanding of the impacts associated with a valorisation route.  

Thus , when using FORKLIFT,  the study has the character of a footprint study  and 
an attributional approach (ALCA) of a static system is to be prefer red . It is w orth 
noting that, in the next step of the assessment , the calculated footprint can  be used 

for comparison with different static systems not interfering with each other  (which 
would  have been the case if taking a consequential approach). The iterative journey 

of finding an appropriate framework for a generic and simplified spreadsheet tool 
was documented in a conference article (Unger et al, 2018).  The applicability of 
different modelling frameworks (attributional, consequential small - scale, 
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consequential large -scale) were discussed in order to develop a suitable  
spreadsheet tool. Aspects such as theoretical robustness, data availability and 

communicative capacity from th e view of the users of the tool were t he determining 
factors for agreeing the final  modelling framework.  

Step 4:  Is  E- LCC appropriate ? 
FORKLIFT should provide an integrated assessment of GHG emissions  and costs 

using the same system boundaries. In additio n, stakeholders indirectly affected 
through externalities are not considered.  
 

Therefore, FORKLIFT follows an E-LCC approach  because the aim of the assessment 
includes both environmental and costing impacts. Conventional LCC is out of the 

scope of this too l. And the assessment does not aim at including external costs for 
all stakeholders (e.g. society, government, etc.), thus also societal LCC is out of 
the scope of this tool.  

 
Step 5: FU, SB, cut - off and handling multi - functionality  

Functional Unit (FU)  

The function al unit for LCA and E -LCC is the ñquantified performance of a product 
system for use as a reference unitò (ISO 14044). The goal in this study is to quantify 

environmental impacts and costs for disposing or valorising a given quantity of side 
flow  to a given co -product.  

The  corresponding  Functional Unit (FU)  is one tonne of side flow being 
valorised/disposed to XX.  Where XX is/are the end -product(s) of the selected 
valorisation route.  

In the case of several co -products of one valorisation option , the impact of these 
are quantified and added together.  

System Boundaries (SB)  

The process diagram ( Figure 6) gives a generic overview of life cycle stages 
included in the FORKLIFT tool. Note that in the tool comparison products are 

provided but are not formally included in the system boundaries  (se e Step 3 
above). The SB is common for LCA and E -LCC. The recovery and disposal options 

included in figure 5  are assessed in detail. The environmental and economic impact  
from up -stream processes  are estimated based on the production step, excluding 
transpo rt and processing. A d escription of the representativeness of the chosen 

product is given in section 6.  

Time frame and geographic consideration  

The calculations provide a footprint of a current valorisation disposal option 
considering current knowledge, infrastructures , and market conditions year 2017 . 
The data collected refer to EU  (average)  or selected single EU -countr ies .  

For greenhouse gases, GWP100 is assumed  (see Impact assessment  p18) . For 
costs, the most recent data available was used for all the  items considered (see 

section 5.3).  
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Figure 6 :  REFRESH generic system boundaries for the FORKLIFT tool  

 

Allocation  

Multi -output allocation generally follows the requirements of ISO 14044 (ISO, 

2006a, b). As side flows are per definition co -products of multi - output processes, 
allocation is required at the processing stage as shown in  Figure 6. Economic 
allocation was chosen as the appropriate method, allowing the user to include the 

relative value of side flow with respect to the product portfolio  of  the given product 
being processe d (e.g. apples) at the point of sell.  For example, if the side flow is 

apple pomace the value of the apple pomace at factory gate (point of sell  for the 
side flow ) is divided by the value of the apple pomace and apple juice (the product 
portfolio with refe rence to apples).  

 
The  impact of the main product(s) at farm gate ( Figure 6) was used as a proxy for 

the total  GHG and economic impact  from up -stream p rocesses  before  allocation. 
As far as E -LCC is regarded, the user can include the value/price of the side flow  
as a proxy of the economic impact  if the value at factory gate is not known.  

 
The modelling approach does not apply any allocation at end of life  (RS4) . As the 

goal of the study is to assess valorisation, only the total impact associated with 
valorisation is quantified. Additional functions are specified, but not allocated.  
 

Cut - off Criteria  

LCA:  No cut -off criteria are defined for this study. Only  processes contributing 

significantly to the GWP is considered. The assumptions made, and the accuracy of 
the estimates made in the inventories are described for each scenario. In the case 
where no matching life cycle inventories are available to represent  a flow, proxy 

data have been applied based on conservative assumptions regarding 
environmental impacts.  
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E-LCC: With the aim of simplifying and providing reliable resources, this tool only 
includes, in its default version, costs directly related to LCA in ventory items (e.g. 

raw materials, energy, etc.) . Thus, it follows option A of the modelling framework 
stating that only costs directly related to LCA inventory items are considered for 

further details see ñGeneric strategy LCA and LCC ò (Davis et al., 2017). The user 
can add further costs related to labour and machineries/investments, if the purpose 

is to further analyse financial information/analysis.  
 

Cost modelling  

Cost categorisation : Four not mutually exclusive cost categorisations can be applied 
in E -LCC: economic typology, life cycle stage, type of activity and detailed cost 

typology. Since  FORKLIFT is a simplified assessment  focusing on internal costs, 
without an analysis of the distribution along the supply chain, costs are categorise d 
around activ ities (transport and processing) and detailed typology (share of 

environmental and economic impact  from up -stream processes, energy for 
transport and processing, labour, capital, and disposal cost). Cost systems should 

be inventoried; this tool contains ma rket costs  as the reference for the different 
products obtained from the side flow.  External/avoided costs have been not 
considered, since FORKLIFT has a footprint approach. Revenues have not been 

included due to lack of reliable and available data. Finall y, the tool does not 
distinguish between different life cycle stages.  

Indirect cost allocation : Choice should be based on data availability and the focus 
of the study.  SB and cut -off of FORKLIFT do not require the inclusion of indirect 
costs, with the exce ption of maintenance. However, the user can include 

maintenance as an indirect cost, when it is referred to general investments and 
machineries by using a  fixed percentage of total investment costs.   

Discounting : When the focus is  only on present cash flow s, then no discounting is 
needed.  Since the tool assesses current cost, it does not include any discounting. 
However, the user can insert discounted values for investment and machinery 

costs.  

Externalities : Externalities that are likely to becom e internal costs in the future 

should be included in the financial part of the study but separately from other types 
of costs.  While environmental externalities, like GHG emissions, could become 
internal costs in the future, it was deemed reasonable to excl ude them in the default 

version of FORKLIFT due to its present time frame. However, the user can apply a 
monetization method to the final GHG of the tool to get an estimation of cost of 

externalities.   

Cost bearers : Despite that food waste studies might in clude several actors/cost 
bearers, this tool does not adopt a multi -actor perspective, since it does not deal 

with existing supply chains but with generic valorisation scenarios. It provides the 
user with a simplified assessment of hotspots of cost in the mentioned categories. 

The user can therefore use results to derive some potential insights on cost 
distribution in the value chain.  
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Impact assessment  

Selection of LCIA Methodology and Impact Categories  (LCA): Climate Change/ 

Global warming potential (GWP 100) is assessed as a proxy of environmental 
impact , according to Table 3  in  D5.3. The IPCC 2014 characterisation factors from 

the fifth assessment report are applied ( e.g. CH4: 28 times CO 2, N 2O: 265 times 
CO2 global warming potentials over a 100 -year time period) . The IPCC 

characterisation factors are recommended by most carbon footprint standards (ISO 
14067, GHG Protocol, PAS 2050). Biogenic  carbon fluxes are omitted from the 
assessment, because carbon neutra lity is assumed on the basis that the CO 2 release 

is equal to the CO 2 sequestration from biomass growth, regardless of the difference 
in timing of uptake and release.  

Selection of LCIA Methodology and Impact Categories  (LCC): Since the main aim 
of FORKLIFT is to assess only internal costs, without distinction between different 
cost bearer s, it only assesses cost hotspots categorise d by activities and typologies. 

Additional analysis could be added if potential revenues were known, e.g. to 
calculate other fin ancial indicators such as net present value and internal rate of 

return.  

Interpretation  

FORKLIFT allows designing different scenarios and comparing them. The results of 

every scenario are shown in a portfolio table. Therefore, results can be easily 
interpr eted in a comparative perspective (from different scenarios and from LCA 

and E -LCC perspective).  
 
The tool can offer the possibility to interpret results according to the following 

steps:  
1. Identify significant issues . 

2. Evaluate the influence of diffe rent parameters on LCA/E -LCC results (e.g. 
simulating different scenarios).   
3. Use the results of the evaluation to formulate conclusions and recommendations.  

 
It is possible to use combined results to create plot graphs and other graphical 

representatio ns, to rank alternative scenarios, identify win -win solutions or trade -
offs, measure the elasticity between environmental impacts and costs/profits.  
 

Along with the modelled footprint s,  costs and GHG impacts are provided for 
commercial products having the same function. This will not, however, allow the 

user comparing footprints to  judge potential implications of a change in a larger 
context, considering the limitation provided below.  

3.2  Limitations  

The FORKLIFT  tool  is subject to limitations that need  to be explicit  to guarantee  a 

robust  interpretation of results:  

¶ FORKLIFT assesses a static system.  It cannot indicate impacts from  large -
scale interventions . This  is only reasonabl e for  large r scale studies , with 

fewer options where  outcomes from  market interven tions can be clear ly 
determined . 
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¶ FORKLIFT does not provide results  on policy recommendations, as this would 
demand consequential modelling. However , it reveals hotspots of the 

different valorisation options and gives ins ights  on effects of certain choices.  
¶ FORKLIFT is based on generic and indicative data and therefore does not  

replace carbon footprint or cost calculations for specific decision -making at 
company level .  
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4   Overview of general principles and 
priorities of FORKLIFT 

Given the methodological base for the FORKLIFT tool additional considerations were 
required to streamline the life cycle inventories (LCI) and populate the spread sheet 
model. These are explained in detail in this chapter.  

4.1  General description of FORKLIFT  

FORKLIFT is developed to help  stakeholders (policy makers, researchers, 
professionals, business, etc.) to gain a general understanding of the environmental 
impacts and costs for selected valorisation routes of a given side flow . It is a 

learning tool; therefore, it is not intended for  full footprint analysis with the purpose 
of being  communicated. It can be considered as a first step in apprehending the 

dynamics of selected parameters usually controlled by the generator or the user of 
the side flow . 

 
Specifically, FORKLIFT provides an estimate of GHG emissions and the total (supply 
chain) costs per tonne of side flow  to be valorised. The results are then compared 

to average footprints of similar products with the same function. It is important to 
note that the footprints added as compar ison should only be taken as an indication 

on whether the assessed process is better or worse than others , since the results 
are highly dependent on assumptions made.  
 

The underlying models are based on existing knowledge about processes . GHG 
emissions are  calculated based on available literature  and  data as well as energy 

and transport (fuel) cost. However, the tool allows the user to elaborate on critical 
parameters that can be influenced by the stakeholders, such as energy demand 
(reflecting the equipmen t used) and supply (reflecting geography/location), 

transport mode and distances, as well as capital and labour costs , etc. The user 
can also modify the assumed cost s provided in the  model.  

 
The model has a cradle - to - factory gate  or grave  perspective  (depe nding on 
valorisation option) , starting from the point of generation of the side flow up to its 

valorisation. GHG emission s from the upstream processes  before the side flow  was 
generated, are split between the main product (s)  and side flow , based on their  

actual or estimated economic value (economic allocation). Consequently, an 
increased value of the side  flow will lead to an increased footprint of the product 
being valorised, but at the same time the footprint(s) of the main product(s) and 

other co-product(s) will decrease and vi ce versa. The upstream costs are set equal 
to the price being paid to the generator of the side flow.  

The tool does not consider future market developments and the impact of potential 
large -scale changes on infrastructures . For capturing such changes, the user is 
recommended to apply a full consequential LCA -LCC assessment following the 

guidelines provided in the REFRESH report ñGeneric strategy LCA and LCC  (Davies 
et al. 2017) . 
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4.2  Principles for the selection of side flows,  valorisation 
options, and products to compare with  

4.2.1  Valorisation options  

The specific valori sation options of the side flows included in the spreadsheet model 
were selected based on the following criteria :   

1.  Market and/near market applications (TRL 9)  
2.  Avail able data. It should be noted that cost and LCA data for pilot processes 

are significantly different f ro m fully developed process es and highly context 
dependent. By focusing on market applications/near market applications, 
realistic inventories should be made.  

3.  Relevant combination of valorisation options illustrating the influence of 
origin (type of raw material), degree of processing, (e.g. AD vs pectin 

production) degree of utilisation (full utilisation or only parts are utilised).  
4.  REFRESH situation (RS2 -RS4). When possible and relevant , valorisation 

options reflecting the different REFRESH situations (RS2 -RS4) were selected.  

4.2.2  Comparing products   

The selection of product s to compare with were based on the collective knowledge 

of the group and to enhance the  learning potential .  

Criteria used were :  

¶ The compari son  products  should be a combination of market alternative 
products providing the same specific function,  (functional equivalence)  as 
well as high and low impact alternatives.  

¶ The f ootprints should ref lect commercial production of a comparison product .  
¶ Data quality should be sufficiently good for the purpose.  

 

The impacts/footprints provided  are scaled  in such a way that reasonable 
comparison s can be made (e.g. energy content for AD, gelling capacity for 

thickeners, fibre content or protein content for feed, etc.). Thus, all comparisons 
products are based on functional equivalence  as far as possible . Details on 

comparing products and scaling is  provided in specific description s of the models  
in  ñValorisation spreadsheet tools ï Learning tool for selected food side flows 
allowing users to indicate life cycle greenhouse gas emissions and costs , Annexes)  

4.3  Cost estimates and their justifications  

This  tool only considers cost s relative to LCA inventory items (e.g. energy, fuel, 
side flow). Optionally, labour and capital costs might be added. All costing data 
were retrieved from open access databases and sources. The user can also modify 

some costs and provide further data in the tool. Below, Table 1 provides an 
overview of costs per stage, while more detailed sources can be found in the 

Annexes of the REFRESH Report D6:10  Valorisation spreadsheet tools ï Learning 
tool for selected food side flows allowi ng users to indicate life cycle greenhouse gas 
emissions and costs . 
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Table 1: Cost items in FORKLIFT and related inputs  

Stage  Cost item  
Main source 

input  

Environmental and 

economic impact  from up -

stream processes  

Value/price  User  

Processing  Fuel  

Electricity  

Heat  

EU per country and 

EU average  

Can be modified  

Transport  Fuel  EU per country and 

EU average  

Can be modified  

Comparison product  Cost of product  EU per country and 

EU average  

Can be modified  

Labour  Hourly average worker salary per 

country  

EU per country  

Capital  Total cost or yearly depreciation for 

investment and machineries  

Maintenance  

User  

Disposal  Further costs beside transport and 

energy  

User  

 

The upstream cost impact  can be added directly by the user, who might have the 

specific information. This value could be the price or fee paid to the side flow 
generator or simply represent collection cost.  

Default values for energy and fuel costs in the side flow processing scen arios and 
transports are included in FORKLIFT. Such figures are from statistic offices and 
market reports. If needed the user can include own figures.  

Default labour costs were included based on average wages (data from Eurostat, 
except for Switzerland -  see Annexes to D6:10  (Valorisation spreadsheet tools ï 

Learning tool for selected food side flows allowing users to indicate life cycle 
greenhouse gas emissions and costs ).   

No default values are included for capital costs. The user can add these items usi ng 

either the yearly depreciation or the total cost, then allocate such costs on the 
functional unit through the annual or total operating lifetime relating to the 

amounts of side flow  being processed.  Maintenance can also be added as a fixed 
rate of total  capital costs.  

Finally, disposal costs not already included in waste management scenarios (energy 

and fuel) can be added as well by the user. Any local waste taxes and fees can be 
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used as source of information here, but the user should be aware that such figures 
are likely to be reflected in costs already accounted for in FORKLIFT, and avoid  

double counting.  
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5   Generic models for FORKLIFT 

Along with the outlined methodological choices described in previous sections, 

additional research  was carried out to pr ovide a  common  base for streamlining the 
Life cycle impact assessment in the FORKLIFT tool. Specifically,  this was done for 

energy production and waste management as these are common processes for the 
different side flow s.  
A general overview of the modell ing approach for valorisation of high er  value 

compounds/food ingredients is provided as well for the sake of completeness. 
However, these valorisation options do not require further streamlining in addition 

to the methodological assumptions provided in the  previous chapters, and are thus 
fully described in the Annexes to D6:10 , along with the ir model  inventories.  

5.1  Model ling  valorisation into valuable compounds  

Valorisation to achieve high value compounds/food ingredients generally involves: 

(1) a processing step aimed to extract the targeted compound (for example pectin, 
lycopene,  or another food ingredient) as well as; (2) a process for the mass 
remaining after extraction. The costs and GHG emissions of both process (1) and 

(2) are included in the FORKLIFT m odel.  
 

Investment costs will vary with situation e.g. if the facility is already in place the 
costs for investments and labour are considerably lower than if new investments 
are required. Scale and co -production of other products will significantly influen ce 

the capital and labour costs as well. Costs for transport ation  and energy, however, 
is less dependent on the actual situation and can be more easily predicted based 

on tabulated values for a given country.  
Because the labour and capital costs cannot be  predicted without detailed 
knowledge of the situation these costs are not incorporated by default in the base 

scenarios of FORKLIFT, but can be easily added by the user (see section 4.3  and  
Table 1 ). This means that only when costs for labour and investments have been 

added a comparison with other products can be made.  
 

The calculation of GHG emissions and costs are based on a combination of 
interviews with process ors and literature studies and are unique for each targeted 
side flow and product. For this reason, the research and the full descriptions of 

these valorisation options are provided in the Annex to D6:10 Valorisation 
Spreadsheet Tools according to the outline of the FORKLIFT toolbox (Section 0 and 

Figure 1)  

5.2  Model ling  fertiliser  application  

5.2.1  Goal and scope of the assessmen t  

The valorisation route s for  fertili ser  can involve two pathways  in the tool : (1) the 

production of an organic fertiliser from  a food side flow  (e.g. in the case of blood) , 
(2) the use of digestate from an  anaerobic digestion plant as organic fertiliser. The 
direct application of food side flow s without treatment on land may also have 

fertilising effects  where  nutrients and organic matter additions are in quantities that 
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are  beneficial for agricultural soil s. However, in general the side  flows for land 
spr eading are assumed to  have a low content of valued nutrients hav ing  zero -value 

(farmers do  not pay for it) and are therefore handled  as on option for RS4 and 
described in  5.4  Modelling . The  economic value of digestate as organic fertiliser  is 

arguable. In the tool, the user  has the option to include the commercial use of 
digestate as organic fertiliser . As it is a learning tool, it seems beneficial to provide 

the user those options as comparison product s. 

5.2.2  Product system to be studied and system boundaries  

The system boundary of fertili sing in the tool covers three steps:  

¶ Organic fertiliser  production incl. up -stream processe s (descriptions can be 
found in respective chapters óProduction of blood meal as organic fertiliser , or 

anaerobic digestion)  

¶ Field application  

¶ Comparison product (mineral fertiliser  equivalent)  

The application of organic fertiliser, such as digestate to the field shall be compared 
to the application of mineral fertiliser.  

The functional unit is 1  tonne (t)  of food side flow  (e.g. apple pomace).  

The system boundary within REFRESH includes all li fe cycle stages from cradle to 
ñfactory gateò (see Figure 6 and Figure 7 ).  The life cycle stages of organic fertiliser 

production are documented in the respective chapters.  

 

Figure 7 :  System boundaries for the model describing fertiliser  application  

5.2.3  Field application  

Application of organic fertiliser  

The functional unit is 1t of food side flow  (e.g. apple pomace). Following anaerobic 

digestion, the mass decreases to about 0.8t.  

Diesel required for application of  organic fertili ser is substantially higher per kg of 
N-P-K applied. This is due to the lower nutrient concentration as well as heavier 

machinery required for field application (KTBL 2014). The application of 0.8t of 
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digestate to agricultural land with a tractor and sprea der requires 1.6 l of diesel 
(KTBL 2014). Supply and combustion of diesel leads to emissions of 1.2 kg CO 2e.  

N2O emissions  

The application of Nitrogen fertiliser to soils lead to direct N 2O emissions as well as 

indirect N 2O emissions through leaching and volatilisation. Following the IPCC 
(2006) Guidelines for National GHG Inventories, direct N 2O emissions as well as 

indirect N 2O emissions through leaching are the same for organic and mineral 
fertilisers. Indirect N 2O emissions from volatilisation are high er for organic 
fertilisers due to a higher volatilisation rate .  

 

Calculation method for organic fertilisers:  

N2O-N (ATD) = kg N org  x Frac gas org x EF4  

Calculation method for mineral fertilisers:  

N2O-N (ATD) = kg N min  x Frac gas min x EF4  

Where:  

N2O = N 2O-N x 44/28  

kg N min  = kg Nitrogen applied, mineral fertiliser  

kg N org  = kg Nitrogen applied, organic fertiliser  

Frac gas min = 0.1  

Frac gas org = 0.2  

EF4 = 0.01  

Figure 8 :  Calculation of indirect N 2O emissions from v ol ati lisation of  organic vs. 

mineral fertili sers  (Formula 1)  

 

Nitrification and denitrification process es of the organic fertiliser applied (2.9 kg 
total N, 2.3 kg mineral N fertiliser equivalent) lead to N 2O emissions of 13.6 kg 

CO2e (IPCC 2016).  

Carbon sequestration  

Additionally, digestate adds 45 kg of CO 2e to the soil carbon pool based on 
(Arbeitsgruppe BEK, 2016) and KTBL (2016). Sequestration of soil carbon has not 
been considered in FORKLIFT.  Other standards require this to be  reported 

separately (I SO 14067) . 

5.2.4  Comparison product  

Within the scope of the scenarios  the  following assumptions regarding functionality 
are made:  

The macronutrients N -P-K present  in organic fertilisers displace macronutrients 

provided by mineral fertilisers. Functional differe nces between organic and mineral 
fertilisers that are accounted for are:  
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¶ Nutrient availability is higher for mineral fertiliser s than for organic fertiliser s. 
Nitrogen availability of compost and digestate is assumed to be as calculated in 

literature with the amount of soluble nitrogen (NO 3-N and NH 4-N) and 30% of 
the organic bound nitrogen is release d evenly  over six years (Lampert et al. 

2011).  

¶ Organic material added to soils through the application of compost or digestate 

can improve soil fertility and i ncrease the soil carbon content. The soil carbon 
formation potential can be  calculated according Vdlufa (2014) and 
Arbeitsgruppe BEK (2016) . It is required to be reported  separately by ISO 14067  

and has not been included in the tool.  

Functional differences  that are not accounted for:  

¶ The o rganic fertiliser has a given nutrient composition while nutrients from 
mineral fertiliser application can be adjusted to the plant requirements . 
However, when using organic fertilisers good crop husbandry should account for 

this and make appropriate adjustments with supplementary fertilisers (e.g. 
following standard guidance 3).  

Mineral fertiliser equivalents  

The reference flow for the comparison i s 0.8t of digestate with a nutrient 
composition of (based on KTBL 2016):  

2. 9 kg N (2.3 mineral N equivalent)  

1.9  kg K (2.29 kg K 2O to kg K)  

5.5  kg P (1.21 kg P 2O5 to kg P)  

This equals the following amounts of mineral fertilisers.  

6.87  kg Ammonium Nitrate   (AN)  (33.5% N)  

7.25  kg Potassium Chloride   (KCl)  (60% K 2O) 

14.47  kg Triple Super Phosphate  (TSP)  (46% P 2O5)  

Application of mineral fertiliser  

The application of 9.7 kg of mineral fertiliser ( 6.87 kg AN, 7.25  kg KC l, 14,47  kg 
TSP) require s 0.2 L of diesel. Supply and combustion of diesel leads to emissions 

of 0.3 kg CO 2e.  

The calculation of N 2O emissions from the application of mineral fertiliser s follows 

Formula 1. Nitrification and denitrification process es of the mineral fertiliser appli ed 
(2.3 kg N) lead to N 2O emissions of 12.7 kg CO 2e (IPCC 2016).  

The supply of mineral fertilisers is associated with CO2e emissions according to 

Fertiliser Europe:  

                                       

3 E.g. UKôs RB209  

http://www.ahdb.org.uk/knowledge-library/rb209-section-2-organic-materials
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6.87  kg AN (33.5%N)   8.0 kg CO 2e 

7.25  kg KC l (60% K 2O)   1.5  kg CO 2e 

14.47  kg TSP (46% P 2O5)   3.3  kg CO 2e 

Production of mineral fertilisers required to displace 0.8t of digestate emit 11.4 kg 

of CO 2e.  

5.3  Modelling anaerobic digestion  

5.3.1  Goal and scope of the assessment  

Anaerobic digestion (AD) is suitable for wet and less structured materials. Side 

flo ws of the food supply chain are therefore very suitable for fermentation. The 
main characteristic of an AD is that the digestion occurs under exclusion of air, so 

without oxygen. Input materials (in this case side flow s) can be mixed with other 
materials a nd also diluted with press water to generate the most suitable substrate 
for the fermentation process.  

The inventory on anaerobic digestion shall provide average environmental impacts 
on European level. However, the choice of substrate for the anaerobic di gestion, 

the installed technology, operational practice at fermentation (dry or wet 
fermentation) and operational practice concerning the digestate (separation, type 
of storage) as well as the use of the biogas (e.g. to provide energy, or fuel) clearly 

inf luences the results, which makes it difficult to provide a generic data inventory 
for side flow s selected for assessment. In the same time the tool shall provide an 

assessment in the most consistent and coherent way for all side flow s.  

Anaerobic digestion in this tool therefore comprise s parameters which are substrate 
specific and parameters which are process specific. Process specific data, such as 

type of fermentation technology, use of biogas and digestate products, CHP 
efficiency are assumed to be the s ame for all side flow s. Substrate specific 

parameters have been  aligned to the type of side flow  as far  as possible. 
Parameters influence d by the substrate are: biogas yield, methane content, 
composition of the digestate, emissions.  

5.3.2  System characterization  

Technology  

Biodegradable substances such as agricultural residues or food residues can be 
used in an anaerobic digestion process to produce biogas. The digestion process 
runs through four stages each with specific bacteria: hydrolysis, acidification, acetic 

acid formation, methane formation. Long -chain polymers such as carbohydrates, 
fat and proteins are split to monomers and dimers (amino acids, fatty acids, sugar). 

Finally, after several stages of transformation of metabolic products , methane, 
carbon dioxide and hydrogen are produced (Kern et al. 2010) . 

There are different fermentation technologies. Dry fermentation runs at 

thermophile or mesophile temperature with an average dry matter (DM) content of 
30 to 35%. The DM -content needs to  be more than 25%, but 40% as a maximum. 
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The feeding of the substrate can occur continuously or in stages (batch 
fermentation). Wet fermentation can run as well in mesophile or thermophile 

conditions, but DM -Content is 10% on average. Water, mostly press w ater of the 
digestate, is added to the substrate so that a DM -content of up to 15% can be 

adjusted so that the substrate stays pumpable and mixable.  

The temperature under mesophile conditions is 33°C to 37 °C and under 

thermophile conditions 55 °C to 60 ° C. The temperature regulates the degree of 
digestion and the biogas yield. In general, process conditions in the thermophile 
area has a higher biogas yield. On the other hand, the process in the mesophile 

area is more stable. If food waste is used as a sub strate, thermophile fermentation 
may be of advantage as a n additional  hygienisation is not needed (due to higher 

temperature). At mesophile conditions a separate hygienisation step after 
fermentation may be of relevance (Kern et al. 2010) .  

Food waste has in general a high water content and is soft which is mainly suitable 

for wet fermentation (Lampert, Tesar, and Thaler 2011) . Although food side flow s 
assessed in this tool have a different water content, the specific DM content can be 

reached by mixing the  substrate with water out of digestate.  

Most of the biogas plants are installed in Germany. Feedstock used in biogas plants 
in Europe are energy crops, agricultural residues, bio -  and municipal waste, 

industrial (food and beverage) waste, sewage and other  residues. The type of 
feedstock used varies from count ry to country. The highest share in Europe using 

industrial food and beverage waste as feedstock is found in  Belgium (58%) and 
Poland (49%). In the case of bio -waste and municipal waste as feedstock , high 
shares occur in Austria (24%), Finland (22%), Portugal (23%) and Switzerland 

(52%).  

Use of the product biogas  

Biogas can be used for the production of heat and electricity in a co -generation 
plant or in a boiler with steam turbine or via a gas turbine . The m ost common 
system is co -generation using a  gas engine and generator to directly produce 

electricity  with  the exhaust fumes used for heat generation. Currently AD plants in 
Europe produce 60644 GWh electricity and 146 895 TJ heat (Stambasky et al. 

20 17) . The number of biogas plants is increasing steadily with 173176 plants in 
total in 2015 (Stambasky et al. 2017) .  

Biogas can also be further treated to enrich the content of methane to  suppl y the 

natural gas grid or for use as a fuel. Currently 459 so called biomethane plants are 
available in Europe. The role of biogas as a product is likely to further increase in 

future. In Sweden and Iceland nearly all of the produced biomethane is used as a 
fuel. In other countries (most of the plants are in Germany)  the biomethane is fed 
in to  the natural gas grid.  

This study considers biogas produc ing  energy in a CHP (combined heat and power) 
unit, as this reflects the current situation in Europe.  

Digestate  

Digestate can further be separated in a solid and liquid pha se through a centrifuge, 

belt press or screw separator. The solid phase can be composted and reused as 
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humus. The liquid phase can be used to mix with the substrate to generate the 
wanted water content or be used as liquid fertiliser . 

Currently, most of the biogas plants in operation in EU have open pools where the 
digestate is collected after fermentation (de la Vega, 2017). The release of 

ammonia and methane is the consequence of these  open storage tanks and are 
highly relevant in ter ms of climate change. The emissions can be reduced if the 

tanks are covered with a protective layer (e.g. air tight membranes or flexible 
storage bags) (Boulamanti et al., 2013; Liebetrau et al., 2011). The trend in 
Germany and Austria is that new biogas p lant s are  buil t with  such a protective 

layer. A proposal of the new RED Renewable Energy Directive which will come into 
force , presumably in 2021 , recommends building closed storage tanks for digestate 

(de la Vega, 2017).  

Some plants also have storage faci lities for biogas to balance the fluctuations of 
biogas production and to guarantee a continuous supply of biogas for further 

treatment. Storage facilities  may typically  hold 30 to 50% of the daily gas yield.  

Use of the product digestate  

The product diges tate contains valuable nutrients, which can be used as a fertiliser  
in agriculture. In studies with environmental assessment of biogas plants (Kern et 
al. 2010, Lampert, Tesar, and Thaler 2011, Pertl and Obersteiner 2011, Boulamanti 

et al. 2013)  it is most  common to consider that the digestate is used as a fertiliser  
in agriculture. This is also assumed in this study.  

Influence of future developments  

The National and European average electricity mix used for the substituted 
electricity highly influences th e environmental performance. If renewable energy 

increases (this is reflected by the comparison option ógreen electricity and heat 
from wood chipsô), then benefits of the substituted electricity will decrease as most 

of the benefits can be attributed to fo ssil -based energy.  

The tool reflects the average situation in Europe. It is a fact, that most of the 
installed biogas plants in Europe use biogas to produce electricity and heat. Only a 

few biogas plants upgrade the biogas to feed in to  the  gas grid or to use it as a fuel 
for transport. This situation may change. Biomethane production is gaining 

popularity, because it reduces reliance on natural gas imports. Another reason 
which speaks for biomethane production according t o Stipits (2017)  is the economic 
benefits for using it as a fuel. Electricity fed to the grid often needs to be substituted  

so that biogas plants run in an economic way. If fed - in tariffs are not substituted,  
then  biogas as fuel may bring better economic results. Stiptis (2017) calculated t he 

costs for his plant and came to the result that higher economic yield can be obtained 
when biogas as a fuel is produced (costs are 76 Cents per litre Diesel -equivalents).  

Another point of influence is the digestate. Treated digestate can be put on the 

market as óorganic fertiliser ô. However, experts reported that this óorganic fertiliser ô 
is becoming  more and more restricted for  use by specific industries (e.g. dairy 

industry). The market for digestate from biogas plants which use food waste need 
to be investigated. Furthermore, the economic radius for transporting  digestate as 

a fertiliser  is extremely limited due to the high water content and to the relatively 



 

D5.4 Simplified LCA & LCC of food waste valorisation   30  

unknown nutrient balance (Heberlein, Jung, and Stenzel 2017) . That is why the 
comparison opti on of using digestate for ferti lis ing was only considered in the tool 

in one product system.  

5.3.3  Biogas production  

Biogas composition  

Biogas typically consists of mainly methane (CH 4) and carbon dioxide (CO 2). 

Nitrogen (N 2), oxygen (O 2), hydrogen (H 2), hydrogen sulphide (H 2S) and ammonia 
(NH 3) are contained in small shares. The methane content depends on  the 
substrate. The methane content in biogas can be enriched through processing steps 

to remove CO 2. Then biogas can achieve the quality of natural gas (production of 
biomethane). Steam and hydrogen sulphide in the biogas can cause problems for 

the further use of gas through corrosion.  

The biogas yield depends on  the substrate and the digestion technology. The 
biogasô methane content  provides its useful energy . AD plants, therefore, strive 

towards a good operation process which maximises  the  use of energy  from 
digesting substrates .  

The biogas yield  for bio -waste as a substrate ranges from 80 to 130 m 3/t wet 
mass (Kern et al. 2010) . For kitchen waste as a  substrate a value of 150 m 3/t wet 
mass was assumed in Pertl and Obersteiner (2014) . Lampert, Tesar, and Thaler 

(2011)  even mentioned 170 m 3/t input of food waste. In Refresh specific side flows 
of the food supply chain shall be assessed. Therefore, the th eoretical biogas yield 

of each of the side flows is determined.  

A further important parameter for biogas production is the methane content . In 
Jungbluth et al. (2007)  a methane content of 67% is assumed and in Pertl and 

Obersteiner (2014)  60%. The methane content for the specific side flows selected 
for this study are calculated from the protein, fat and carbohydrate content in each 

side flow.  

Theoretical biogas yield  

Different feedstock s show significant variation in biogas production capacity. In 

general organic wastes from municipalities and industries as well as crops and crop 
residues are better than sludge from wastewater treatment or animal manure 

(Huttunen et al., 2014). Next to th e composition of the input material (share of dry 
organic matter) and the quality and quantity of co -substrates, also the duration of 
digestion and the temperature inside digestion tank are important factors for the 

quantity and quality of biogas (Werner e t al., 2007).  

An accurate  manual calculation of the biogas yield is not feasible , as the 

concentration of the individual nutrients in the mixture of the input material is not 
always known. Furthermore, a manual calculation is subject to certain assumptions . 
So, it is assumed that 100% of all organic substances are decomposed, which is 

not true in practice (FNR 2006) . However , the theoretical biogas yield can be 
quantified. As the digestion process of ruminants is similar to the digestion at 

biogas plants sp ecific parameters of animal feed can be considered.  




















































