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ABSTRACT 

The aim of WP3.1 is the set up of indicators for the assessment of the urban biowaste decentralised 
valorisation concept. The challenge of DECISIVE is to optimize waste management using biowaste, as a clean 
organic material input for decentralised circular production systems characterized by (1) local energy self-
supply through micro-AD, (2) the extraction of added-value biomolecules using biorefinery technologies such as 
SSF and (3) urban-rural or intra-urban organic nutrient cycle.  
To evaluate this transformation, a concept model for integrated assessment of the short and long-term impacts 
inherent to the decentralised biowaste management system for biobased production is under development. The 
holistic concept model for integrated sustainability assessment, focus on the opportunity of local circular 
bioeconomic production systems to deliver environmental restoration and climate mitigation services to society 
as urgently needed. 
Deliverable D3.1, is the first of four publicly available deliverable reports presenting the outcome of work 
package 3.1, providing a proof-of-concept for a simplified decision support tool aiming to provide integrated 
sustainability assessment of circular biowaste management systems (CBWMS). The report focuses on 
identifying key parameters and model algorithms needed for the calculation of key environmental sustainability 
indicators. The overall success criteria of the selected environmental performance indicators is the ability to 
quantify potential climate change mitigation and environmental restoration services from the implementation of 
separate biowaste collection systems. 
At the point of evaluation, the only environmental performance indicator available in the tool is the Climate 
Change impact calculated as the system level net CO2e footprint.  
The proof-of-concept identified two important suggestions for improvement of the DECISIVE DSTv1. The 
DECISIVE DSTv1 is not yet able to model energy-related emissions based on location-specific energy mix data 
inserted by the user. Furthermore, as the digestate quality is a function of the AD configuration and the 
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feedstock quality, it is crucial for the DST to be able deliver a simplified ex-ante prediction of the digestate 
quality and its compliance with European and national regulatory standards. Such model feature would further 
mitigate the risk of investments by minimising the risk cycle of micropollutants entering the downstream 
valorisation system.  
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Executive Summary 
 

The objective of D3.1 is to present a proof-of-concept of the DECISIVE DSTV1 as a simplified software for system 

level integrated sustainability assessment of the decentralised management system for biowaste. The evaluation is 

based on a catalogue of proposed key life cycle assessment (LCA) and network analysis indicators capable of 

quantifying the resource efficiency and environmental sustainability of the closed loop decentralised resource 

management and biobased production system.  

 

Following the introduction (Chapter 1), this report presents an integrated sustainability assessment framework aligned 

with the 17 Sustainable Development Goals (SDG) explaining the principles of ecosystem health restoring resource 

flows as the route to a regenerative circular economy, or a green economy that respects the planetary boundaries 

and the societal foundation for future generations (Chapter 2). Chapter 3 presents a review of existing waste 

management system decision support tools (WMS-DSTs) and their applicability for assessing circular biowaste 

management (CBWMSs) while defining criteria for the DSTs in terms of transparency of model algorithms, able to 

quantify waste- specific emissions and flexibility to include new conditions in terms of treatment steps and valorisation 

technologies. A holistic and simplified approach for defining system level indicators is presented. The minimum 

requirement to such system level key performance indicators is the ability to quantify potential environmental 

restoration and climate change mitigation services obtained the implementation of innovative biowaste collection 

systems enabling the highest quality of secondary resources to be preserved upon a transition into closed loop 

circular biowaste-based biorefineries and local, peri- and extra urban farming systems. Such system level key 

performance indicators, i.e. a minimum set of simplified LCA and network analysis indicators, are presented and 

evaluated in Chapter 4 providing a proof of concept of the DECISIVE DSTV1. Specifically, this report assesses if the 

cumulative CO2e emissions derived from inserting input data in the user interface and retrieving output results from 

the DECISIVE DSTV1 are comparable to the results of the well-established LCA tool SimaPro (Thomsen et al., 2018; 

Angouria-Tsorochidou et al., 2019).  

 

The indicator framework and associated algorithms are still subject for refinement (e.g. Thomsen et al., 2018; 

Klinglmair & Thomsen, 2019). However, this report focuses on the evaluation of the DECISIVE DSTV1, which 

includes the system level CO2e footprint as well as social and economic indicators. The latter two dimensions of 

sustainability are, however, not subject for evaluation but maybe subject for refinement at a later stage of progress of 

the DECISIVE project, 

 

The DSTv1 strongly relies on data provided by the user, or the ability of the user to select already existing data sets 

on inputs, outputs and emissions to the environment from the specified treatment processes. 

To support such input requirements, life cycle inventory databases for different waste collection system, resulting 

biowaste types and characteristics (Deliverable D3.5), and downstream treatment technologies have been developed 

and part of it, published open source. 

Main improvements suggested for the DSTV1 is the ability to model energy-related emissions from country specific 

energy-mix data, the capability to model waste-specific emissions and flexibility for the user to create and include new 

conditions in the DST. An excel-based database on mixed and separate biowaste collection systems has been 

published together with a model tool able to calculate the nutrient and micro-pollutant content of digestate as function 
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of feedstock characteristics and AD configuration (Angouria-Tsorochidou and Thomsen, 2020). 

 

 

Abbreviations 

 
CAPEX  Capital expenditure 

CBWMS Circular Biowaste Management Systems  

DSTv1  First version of the decision support tool developed in the DECISIVE project 

LCA   Life Cycle Assessment 

m-AD   microscale Anaerobic Digestion 

OPEX  Operating expenses 

SDG  Sustainable Development Goal 

SSF   Solid State Fermentation 

WMS  Waste Management Systems 

WMS-DST Waste Management System Decision Support Tools 

ww  wet weight 
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1. Introduction 

The objective of the DECISIVE project is to demonstrate the ability to decrease the generation of urban biowaste and 

increase the recycling and recovery of energy, nutrients, and bioresources contained in food waste, while reducing 

externalities by focusing on a short-cycle decentralised local management. To achieve this objective, the DECISIVE 

project develops and demonstrates eco-innovative solutions, including technological and non-technological tools1, to 

support the transition in the management of urban organic material fluxes from a linear paradigm to a circular 

paradigm.  

While imports of goods without thoughtful interaction between external, peri- and intra-urban area, consumption and 

external disposal of waste is characterising the linear paradigm, responsible production and consumption and return 

of materials and energy to the production areas are characteristics of the circular paradigm. 

 

By developing decentralised biowaste management schemes to be implemented in urban and peri-urban areas, 

DECISIVE develops local waste management systems and innovative biorefinery concepts producing high value 

products in the form of biogas, biofertiliser and biopesticides. The biobased products are intended for use in farms 

located in the local urban, peri- and extra-urban areas, hence, closing the loop by combining biowaste and bio-

product producers in a circular resource-economy business model. 

 

The challenge of DECISIVE is to optimize waste management using added-value high-quality biowaste as input for 

decentralised circular production systems characterized by (1) local energy self-supply through microscale Anaerobic 

Digestion (m-AD), (2) the extraction of value-added biomolecules through the use of biorefinery technologies, Solid 

State Fermentation (SSF) and (3) urban-rural or intra-urban organic nutrient cycling. The project aims to contribute in 

shifting from a linear paradigm relying on imports of goods and exports of waste, to a circular concept promoting local 

production, consumption, and biowaste management.  

 

WP3.1 focuses on ecoindustrial system analysis studying the urban metabolism of biowaste with focus on how to 

transform existing waste management systems from linear open chain to circular closed loop management and 

biorefinery systems delivering biobased products and services in a future biobased society.   

 

To evaluate this transformation, a concept model for an integrated assessment of the short and long-term impacts 

inherent to the decentralised biowaste management system for biobased production is under development. The 

integrated assessment model focuses not only on the output products, but also on environmental restoration and 

climate change mitigation services, expected to be delivered by such system transformation resulting from changing 

of the urban metabolism (Skar et al. 2019). In addition to a sustainable performance, to develop a strong concept for 

a circular zero waste urban metabolism, the social and economic feasibility as well as regulatory and institutional 

enablers and barriers needs to be included in the assessment (Marini et al., 2020, Angouria-Tsorochidou et al., 

2020). 

 

In this report, we present a conceptual framework for integrated assessment supporting the transition of state-of-art 

waste management systems in Europe into decentralised biowaste management systems when such systems show 

better performance. Furthermore, the report presents an evaluation and documentation, i.e. a proof-of- concept, of 

the DECISIVE DSTv1 (version 1 of DECISIVE decision support tool). The DECISIVE DSTv1 is an important output 

from the DECISIVE project. The project has developed a simple decision support tool to support efficient and locally 

adapted decentralised management schemes for urban biowaste minimisation and provide valorisation. The project 

consortium is targeting local stakeholders (local authorities and/or environmental service companies) as users of the 

DST. The tool is based on a holistic approach for assessing and designing (de-) centralised circular biowaste 

                                                 

1 http://www.decisive2020.eu/ 

http://www.decisive2020.eu/


 

Proof of Concept of the integrated sustainability assessment 

 
8 

management systems for bioeconomic value chain creation within a specified urban study zone 

(https://dst.decisive2020.eu/user/login).  

 

The DECISIVE solutions represent business expansion scenarios for moving up the waste hierarchy; the latter 

demonstrated through innovative socio-technological biowaste collection designs (Deliverable D3.2) and technology 

solutions; m-AD and SSF transforming food waste into bioenergy, waste-derived fertilizer and biopesticides  

(Deliverables D4.1, D4.2, D4.5 and D4.8). They contribute to circular bioeconomic supply chains delivering high value 

products for local, peri- and extra urban farming systems increasing the local self-supply from local circular 

bioeconomy systems (e.g. Romeo et al., 2018, Vea et al., 2018a, Teigiserova et al., 2019 and 2020).  

 

The environmental sustainability of urban biowaste-based biorefineries needs careful consideration to secure 

regenerative circular bioeconomy systems. The updated food waste hierarchy developed as part of Decisive research 

has been endorsed by EC
2
. This hierarchy clearly shows the importance of not only material recycling, but also 

nutrient recovery as separate strategies for the future. This helps to acknowledge and identify specifically micro 

pollutants and is crucial to analyse the fate and emissions from its generation, through each processing step, to the 

final disposal or applications (e.g. waste-derived fertilizers and biopesticides). The latter will allow for the identification 

of hotspots along cascade utilisation value chains, as well as documenting the need to set up quality requirements to 

biowaste prior to its use in biorefineries producing high-value products (Vea et al., 2018b; Teigiserova et al., 2020). 

Lastly, it will mitigate trade-offs, as for example externalities like human health impacts due to return or micro-

impurities into the soil via waste-derived fertilizers (Thomsen et al., 2012; Pizzol et al., 2014; Vea et al., 2018b). 

 

Several decision support tools (DSTs), based on life cycle assessment (LCA), are currently available to assess the 

environmental sustainability of waste management systems (WMS) (Vea et al., 2018b). These waste management 

system decision support tools (WMS-DSTs) are designed to analyse the performance of integrated WMS from the 

collection to treatment and final disposal. However, there is a need to identify, analyse and challenge the technical 

assumptions as well as modelling algorithms included in the WMS-DSTs tools to strengthen waste LCA modelling 

(Vea et al., 2018b), and to study to what extent existing WMS-DSTs are applicable for assessing circular biowaste 

management systems (CBWMS). For example, what types of biological treatment technologies are included in 

existing DSTs and are they adaptable to represent emerging advanced treatment set-ups for biorefineries 

transforming biowaste into biobased products? The applicability of WMS-DSTs to assess CBWMS would also imply 

that the tools are able to quantify relevant environmental sustainability indicators such as the fate of impurities 

present in the biowaste and to model the nutrient capture and return into the economic system in terms of biobased 

products, such as compost (Vea et al., 2018b).  

  

A key feature of decentralised biowaste collection systems is that the quality of such biowaste is higher than the 

biowaste fraction contained in mixed collected waste (Angouria-Tsorochidou and Thomsen 2020). For the DECISIVE 

solutions, it is important to be able to know how the quality characteristics of the feedstock affect the downstream 

business opportunities (Angouria-Tsorochidou and Thomsen 2020). As such, it is important to include input 

parameters quantifying the characteristics of biowaste obtained from different biowaste collection chain scenarios 

(Deliverables D3.5, D3.6) and the consequences for downstream value chains in the DECISIVE DST. 

 

A special focus of this deliverable is to verify a minimum set of environmental key performance parameters and 

functionalities of the DSTv1 that are required to quantify opportunities for climate change mitigation and 

environmental restoration services achieved by implementing decentralised biowaste-based biorefineries. As such, 

this deliverable aims to present a proof-of-concept of the system level environmental sustainability assessment model 

in terms of a simplified WMS-DST (DECISIVE DSTv1) able to quantify the combined resource efficiency and 

                                                 

2
 The European Commission’s Knowledge Centre for Bioeconomy, 2020. Brief on food waste in the European 

Union. Available at: https://ec.europa.eu/jrc/sites/jrcsh/files/kcb-food_waste_brief_print_hq.pdf 
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environmental sustainability of the closed loop decentralised resource management and biobased production system.   

 

In Chapter 2, we present the concept of integrated sustainability assessment with a special focus on key environment 

indicators needed to ensure the development of a regenerative and restorative circular bioeconomy. In Chapter 3, we 

provide a review of key criteria for existing WMS-DSTs and their applicability to model circular biowaste management 

systems using waste as a secondary resource for biobased production, i.e. closing the loop by integrating the waste 

and production sectors. Chapter 4 provides a list simplified system level key performance indicators derived from 

LCA and Network Analysis representing the concept for integrated sustainability assessment as proposed for the 

DECISIVE DSTV1 (Deliverables D5.1, D5.2 and D5.3). Furthermore, Chapter 4 presents a proof-of-concept of the 

functioning of the DECISIVE DSTV1 (in its stage of development on “please specify the date or period of use for 

proof of concept”) by 1) comparing results obtained by the DSTv1 with a well-established LCA tool; i.e. SimaPro and 

2) recommend key issues to be improved in the DECISIVE-DST to increase its feasibility for the assessment of 

biowaste management systems.    

 

 

 

2. Concept of an integrated assessment framework  

The challenge of DECISIVE is to optimize waste management using high quality biowaste as an organic material 

input for decentralised circular production systems characterized by (1) local energy self-supply through m-AD, (2) 

the extraction of value-added biomolecules using biorefinery technologies, such as SSF, and (3) urban-rural or intra-

urban organic nutrient cycle.  

 

To evaluate this transformation, we present a conceptual model for an integrated assessment of the short and long-

term impacts inherent to the centralised and decentralised biowaste management system for biobased production. 

The conceptual model for integrated sustainability assessment is based on the idea of sustainable food production 

and consumption systems (SDG 12) being regenerative by design and thereby able to deliver environmental 

restoration and climate change mitigation services (SDG 6, 13,14 and 15). As such, the conceptual model needs to 

capture the increased sustainability resulting from a transitioning from centralised linear economy mixed waste 

management systems into decentralised local circular biowaste management systems supporting future integrated 

biowaste-based biorefineries and urban farming systems (Figure 1). 

  

Urban agriculture contributes to the ecosystem services of green infrastructure as a provisioning service for food, 

energy and raw materials, as well as through a range of other ecosystem services (Skar et al., 2019; Edmondson et 

al., 2020). In this deliverable, we excluded the geographical component of planning space availability (e.g. 

Edmondson et al., 2020) and requirements of green infrastructures for separate biowaste collection chains feeding 

urban farms through DECISIVE solutions. 
 

 

2.1 ECOSYSTEM SERVICE PRESERVATION IN A CIRCULAR BIOECONOMY 

Depletion of fresh-water resources, degradation and erosion of soils, climate change causing temperature and 

precipitation changes in many agricultural regions, limitations to the availability of mineral fertilizers, and potential 

increase in costs of liquid fuels upon which transportation and food production systems are highly dependent are 

factors threatening food production.  

 

In the context of such rapid and potentially overwhelming economic, environmental, and social changes, DECISIVE 

solutions represent local circular bioeconomy schemes designed to implement better biowaste management and  

support local, peri- and extra- urban agricultural systems providing benefits to local communities.  
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The decentralised circular bioeconomy systems developed within the DECISIVE project intends to deliver high quality 

fertilizers and other added-value biobased products for local, peri- and extra-urban areas. For such DECISIVE 

solutions to be realised, a transformation of existing state-of-the-art linear European WMSs, to encompass circular 

regenerative decentralised biowaste management systems is proposed.  

 

The aim is to reduce food waste generation and use inedible (and unavoidable) food waste as input (i.e. feedstock) in 

local food waste valorisation systems. The latter feedstock obtained through optimised food waste sorting and 

collection chains delivering high quality food waste for decentralised cascade utilisation within m-AD and SSF 

biorefinery systems as illustrated in Figure 1.  

 

 

 

 
Figure 1: Closing the resource leakage gap in urban biowaste management through DECISIVE solutions returning 

food waste to integrated biowaste-based biorefineries and local, peri- and extra-urban farming systems. 

 

The idea of DECISIVE is to develop further the concept of existing WMS-DSTs to address key performance 

parameters of a transition into Circular Biowaste Management Systems (CBWMS) transforming biowaste into 

biobased products.  

Output products, as visualised in Figure 1, is intended to support the economic viability of urban or peri-urban  farms 

embedded in a local circular economy tending to be self-sufficient in energy, fertilizer and biopesticides and even 

exporting excess biobased products, such as biofertilizers to urban and peri-urban farming systems.  

 

The turnkey process of the system may be seen as the CBWMS delivering high quality secondary biowaste 

resources into productive use through separate biowaste collection, transportation, handling, processing, storage, 

distribution and consumption (Skar et al. 2019). 

 

For many urban farms, societal goals such as education and community development are more important than 

financial goals (Hallett et al 2016); the latter remains a major bottleneck in the capacity of small-scale urban farms to 

maintain and expand their activities (Cannes, 2012).  

 

For profit and non-profit urban agricultural systems economic viability demands partnerships (SDG 17) and novel 

business models committed  “to develop sustainable food systems that are inclusive, resilient, safe and diverse….” 

and recommends actions to “promote and strengthen urban and peri-urban food production” (Howard et al., 2010; 

Skar et al. 2019; Edmondson et al, 2020).  
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Integrated assessment framework for measuring the sustainability of linear and circular economy systems is based 

on the same type of indicators. However, the model for the circular system requires a change of the system 

boundaries to include restorative and regenerative resource exchange between the technosphere and the natural 

environment. 

 

The concept model for integrated sustainability assessment and associated key indicators are visualised in Figure 2. 

 

 
Figure 2: Engineered ecosystem services from carbon-neutral circular bioeconomy (SDG 8, 9, 10, and 12) restoring 

fundamental earth processes (SDG 6, 13, 14, and 15) thereby enhancing beneficial natural ecosystem services such 

as increased soil health and food safety for sustainable development of societies (SDG 1-5, 7, 11, and 16) - Modified 

from Thomsen. M. and Zhang, X., 2020 and Rockström, J., Sukhdev, P. (2016). Here, SDG 17 is an underlying ever-

present goal, which is needed to achieve presented connections in the system. 
 

The 17 sustainable development goals encompass the multi-dimensional challenges of climate change, 

environmental degradation, biodiversity loss, and inadequacy of existing economic theories to help guide human 

society towards sustainability, which has been documented thoroughly in the scientific literature.  

 

Framework concepts, such as ecosystem services (Reid et al., 2005), planetary boundaries (e.g. Rockström et al., 

2009), and doughnut economics (Raworth, 2017), all acknowledge the need for redesigning economic activities 

towards restoration and conservation of natural ecosystem services as a precondition for economic growth. To that 

end, the key is to develop a circular bioeconomy that builds on ecosystem health-restoring resource flows and 

operates within a safe operating space for humanity (Raworth, 2017; Rockström et al., 2009).  

 

In such way, we may not only stay below the ecological ceilings of maximum impacts on the environment, but we also 

have the opportunity to establish an economy that are restorative by design. If designed in the right way, circular 
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bioeconomy value chains may result in enhanced ecosystem services, which in turn, benefit the further development 

of the circular bioeconomy and strengthens the social foundation for future generations. 

 

As a large systemic change is required, the envisioned changes need to be first proven on small scales, such as 

those of decentralized systems. For the case of the DECISIVE project and the relevance to environmental 

sustainability, we illustrate the concept of mimicking nature by returning clean biowaste-derived organic fertilizers to 

the soil. By returning organic high quality fertilizers to urban, peri- and extra-urban areas, DECISIVE solutions would 

contribute to soil health in agricultural systems thereby contributing to the conservation of productivity and other 

ecosystem services as illustrated in Figure 3. 

  
Figure 3: Ecosystem health improving bioresource flows, from DECISIVE infrastructure and technology systems 

mimicking nature – being restorative and regenerative by design. The red circles of the figure illustrate the ecosystem 

service preserving resource flows from society to nature. In this case, illustrated by the challenge of returning of safe 

and healthy (1) organic fertilizers to local farmers as well as to peri- and extra- urban agricultural cropland, which 

contribute to (2) increased soil organic carbon, which in turn will support (3) increased soil biodiversity and hence soil 

formation processes and (4) nutrient cycling. Such healthy soil characteristics increase the water holding capacity 

and microbial detoxification and hence (5) water purification. All needed to obtain healthy soils and (6) safe food 

production systems. Graphic: Modified from metrovancouver.org. 
 

In fact, “mimicking nature” can be replaced by the word “bioparticipation” understood as the society learning to play 

our role in the biosphere, while still existing in technological seclusion – separate from the biosphere. This requires 

green infrastructure and inverse logistics for unavoidable and inedible food waste resource management (Deliverable 
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D3.7) and technology systems (Deliverables D4.1, D4.2, D4.5 and D4.8) that are restorative and regenerative by 

design as illustrated in Figure 3. The key issue here, is simple and challenging, to produce high quality organic 

fertilizer inputs to the urban-rural or intra-urban organic nutrient cycle, that allows for plant-based food production 

systems containing less harmful substances compared to the existing situation (Marini et al., 2020). For broader 

description of ecosystem services that may be obtained from urban agriculture, the reader is referred to Skar et al. 

(2019). 

 

Whether or not the current economy can sustain urban agriculture if these benefits go unappreciated is not yet clear. 

To put thing into absolute terms, the concept model for integrated sustainability assessment should, therefore, be 

able to quantify, the potential net economic revenue calculated as the sum of Capital and Operational Expenses 

(CAPEX and OPEX) and revenues from local whole food markets, biobased products and other ecosystem services 

within in urban areas as well as to the peri- and extra-urban farms.  

 

In case of successful implementation, DECISIVE solutions may show case sustainable circular biowaste 

management systems supplying high quality (liquid and solid) organic fertilizers and other biobased products such as 

biopesticides, thereby delivering environmental restoration and climate change mitigation services (e.g. reduced 

micro-pollutant content and increased carbon sequestration in soil).  

 

Development and evaluation of system environmental level indicators are still ongoing and will be presented in 

upcoming deliverables of the project including a green economy consensus model of how to integrate techno- and 

socio-economic assessment data into environmental life cycle assessment of products and services provided by 

circular bioeconomies.  

 
 

3. Review of Decision Support Tools  

In the DECISIVE project, one objective is to develop a simple and user-friendly DST for ex-ante assessment of 

existing CBWMS (Vea et al., 2018b). The tool should be able to assess existing WMSs and allow the user to evaluate 

the consequences of implementing decentralised circular biowaste management systems complementary to an 

existing waste management system at a given location.  

The main goal of the DECISIVE DSTv1 is to provide decision support for the safe design of urban decentralised 

circular biowaste waste management systems (CBWMS) using biowaste as a secondary resource in bioeconomic 

value chains delivering as output biobased products to local, peri- and extra-urban areas (Figure 1). The overall aim 

of the current chapter is to present a review and analyse existing LCA-based WMS-DSTs and their applicability in 

environmental sustainability assessment of CBWMSs, with focus on urban biowaste. The review was performed to 

provide a state-of-the-art overview of existing WMS-DST to support the development of a decision support tool for 

CBWMS within the DECISIVE project (Vea et al., 2018). 
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Figure 4: General structure of LCA-based WMS-DSTs (from Vea et al., 2018b). 

 

The term “circular economy” often refers to be synonymous with “increased sustainability” (Vea et al., 2018). As such, 

existing WMS-DSTs tends to focus on increased quantities being recirculated, neglecting the quality and safety, of 

reused and recycled resources. This tendency leads to exclusion of the risk cycle of micro- and macro-pollutants 

embedded in resource flows re-entering the product cycle. Gentil et al (2010) argue to exclude the imbedded inputs in 

waste entering the waste management system, because of the technical impossibility to account for all constituents of 

products’ life cycles ending up as a waste. In fact, all the assessed models apply a so-called zero burden approach, 

and thereby exclude any attempt to model the potential environmental and human health impacts by the presence of 

micro-pollutants in biobased products. Such zero burden approach can pose a risk of augmenting unwanted 

recirculation of micro-pollutants, when disregarding the quality of waste-based biorefinery output products (Pizzol et 

al., 2013; Marini et al., 2020). For this reason, there is a need to identify, analyse and challenge the technical 

assumptions included in LCA waste-DSTs and to assess their applicability for CBWMS. The review was designed to:  

 

(1) identify, compare, evaluate and shortlist existing WMS-DSTs based on their general characteristics 

 

(2) analyse the applicability for the shortlisted tools in assessing CBWMS based on default datasets and 

flexibility 

  

(3) discuss how to take existing WMS-DSTs to the next level i.e. being able to assess CBWMS according to 

appropriate sustainability criteria 

 

(4) support the development of the DECISIVE DSTV1 for the design of circular biowaste management. 

 

The review identified 25 existing WMS-DSTs. In a comprehensive shortlisting procedure, eight tools were excluded 

due to lacking documentation and another nine tools were excluded due to lack of material-specific property. Eight 

tools were shortlisted and analysed in detail in light of their potential applicability to model the environmental 

performance of CBWMS. The criteria for shortlisting and methodology of analysing and evaluating the eight 

shortlisted WMS-DST are described below. 

 

 

3.1 METHODOLOGY 

The WMS-DST review methodology comprised six steps as visualised in Figure 5.  

 



 

Proof of Concept of the integrated sustainability assessment 

 
15 

 

 

Figure 5: Shortlisting steps (step 1-4) and detailed evaluation steps (steps 5-6) of the MWS-DST review method 

(from Vea et al., 2018b). 

 

The review method included scope of the identified models (step 1), evaluation parameters and associated 

shortlisting criteria for step 2 (General characteristics), step 3 (General modelling characteristics) and step 4 

(minimum criteria for current applicability to assess CBWMS). Evaluation steps (step 5-6) included an evaluation of 

the applicability of the individual tools to assess CBWMS (step 5). In step 6, the flexibility of the tools to include new 

treatment technology units considered (i) the ability of the tools to adapt to new conditions, (ii) the opportunity for the 

user to modify existing and add new processes and (iii) accessibility and transparency of the tool (Vea et al., 2018b). 

 

3.1.1 Shortlisting 

In step 1, tools were identified through the search engine Scopus and LIFE and Cordis project databases according 

to the three criteria listed under Step 1 in Figure 5. Combinations of the keywords “decision support tool”, “waste”, 

“municipal solid waste”, “biowaste”, LCA” and “biomass” were applied. The identified tools should model, as a 

minimum, one key environmental performance indicator of municipal solid waste management systems (WMSs) and 

be able to model reference flows with different waste compositions (% of e.g. plastic, glass and biowaste).  
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Shortlisting inclusion criteria in step 2, requires the availability of tool documentation in English language and the last 

update of the tool after the year 2000.  

 

In step 3, tools were shortlisted according to general life cycle modelling characteristics (i.e. assessment type and co-

products modelling) being able to model multiples output products from biowaste refineries. Tools not based on life 

cycle approach, i.e. not considering the whole chain of the WMS, were excluded. Only model tools with the ability to 

model substituting energy and primary resources by main and co-product outputs of the transition into circular 

biowaste management systems (CBWMS) were included in the further evaluation. 

 

In step 4, tools were shortlisted based on: 1) the type of biowaste treatment technologies included as default in the 

tools and 2) whether the tool allows for quantification of material-specific properties. These two aspects are 

considered minimum criteria for existing WMS-DSTs to be supportive for assessing CBWMS. As a minimum, one 

biowaste treatment technology should be available in the default technology portfolio of the tool (i.e. current dataset 

available in the tool). Treatment technologies not preferentially dedicated to biowaste such as landfilling, incineration 

and pyrolysis, were excluded from the review, as they are not considered relevant for CBWMS regarding the food 

waste hierarchy (Teigiserova et al., 2020). Material-specific properties of the waste include chemical properties such 

as methane generation potential and elemental composition (e.g. %VS, %VFA %P, %N, %Cd). This needs to be 

included to enable modelling of waste-specific features such as direct gaseous emissions (e.g. CO2 and CH4) 

occurring during composting,  as well as modelling of the micro-pollutant, e.g. Cd, content in the final output/products. 

 

3.1.2 Evaluation 

A detailed analysis of the ability of the WMS-DSTs to model CBWMSs was conducted in Step 5. This involved an 

analysis of calculation algorithms and technology assumptions applied when modelling biowaste treatment, waste-

specific features and bioproducts application. Waste-specific features relate to how waste composition and 

characteristics influence the performance of different waste treatment technologies, e.g., if the composition of output 

bioproducts depends on the composition of the input waste. Modelling of application of waste-derived bioproducts 

(e.g., compost) on soil was evaluated according to whether the tools account for resource consumption, substitution, 

emissions occurring after application and how and if carbon sequestration is modelled. Lastly, in Step 5, it was 

assessed how the functional unit of the system is defined. In LCA, the functional unit describes the quantified 

performance of a product or a system. 

The feasibility to simulate new conditions was analysed by looking at how the tools allow modifying default 

parameters related to site-specific conditions (including waste composition, material properties and energy mix) and 

the possibility to import additional material fractions (Step 6 (i)). Such parameters must be adjustable to reflect 

various waste collection designs, associated variations in the feedstock quality, etc.  In Step 6 (ii), the possibility for 

the user to upgrade the treatment technology portfolio to assess novel options, such as the biorefinery concepts, was 

considered by analysing whether the tools allow creating new processes and changing default parameters related to 

existing treatment processes. This includes substitution ratios, transfer coefficients, energy consumption and 

methane potential. In addition, the feasibility to directly import background processes from different databases (e.g., 

Ecoinvent, Eurostat, national energy statistics and waste statistics) was analysed. 

Finally, the accessibility of the shortlisted tools (Step 6 (iii)) were analysed by considering if the tool is currently 

available and what is its mode of access (e.g., as freeware).  Transparency was evaluated based on the available 

documentation of assessment algorithm included in the background modules of the tools; i.e. tool specification. The 

level of transparency was classified as “High” if all information needed to do a full evaluation was available in 

documents. The transparency was evaluated as “Medium” if the information was partially retrieved from accessible 

documentation and partially by direct contact with developers. If complete tool specification is available, the 

transparency was classified as “Medium/high”. For tools with insufficient information to conduct the full evaluation, the 

transparency was classified as “Low”. 

 

Table 1. Transparency of shortlisted tools evaluated as low, medium or high (Vea et al., 2018). 
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Tools Availability Means of access Transparency 

EASETECH [6] Yes Freeware for academic use (requires attendance in 

course), one-time fee for commercial use 

Medium 

SWOLF [7] Yes Final interface is being developed, but a prototype 

can be obtained upon request  

Medium/high 

WARM_v14 [8] Yes  Freeware  Medium/high 

LCA-IWM [9] No  Not available Low 

MSW-DST [10] Yes Freeware Medium/high 

ORWARE [11] Yes By request but is difficult to use with no preliminary 

knowledge as no user manual is available 

Medium 

WRATE [12] Yes By request for academic institutions. Expert version 

is only available upon payment  

Low 

VMR [13]* No Interface is not yet developed Medium 

*VMR is under development and not released yet. The software will be open-source upon release. 
 

 

Vea et al. (2018) identified and analysed 25 existing WMS-DSTs. Within the 25 identified WMS-DSTs, eight of the 

tools includes the capability to model waste-specific emissions, while only four tools (EASETECH, SWOLF, 

ORWARE and VMR) are considered applicable for the environmental sustainability assessment of CBWMS as 

they provide the option to analyse new conditions. However, to improve WMS-DST aiming to deliver a sustainability 

assessment of CBWMS applying biowaste as secondary material in biowaste-based biorefineries, the tools should be 

able to model waste-specific features, which are crucial for a proper assessment of CBWMS. Only EASETECH and 

ORWARE consider impacts when applying the waste-derived compost on the soil. A separate assessment of the 

environmental and human health costs should be conducted if selecting SWOLF or VMR (Vea et al., 2018).  

 

 
 
 

4. Proof-of-concept for the DECISIVE DSTv1 

The purpose of the DECISIVE DST is to assess the performance of biowaste management options in centralized and 

decentralized design schemes. The procedure of how to insert data and combine processes in the DST is described 

in D5.3, while the methodology behind the DST is described in D5.1. The tool is using a life cycle assessment 

approach for quantifying the performance of local WMS/CBWMS extracting and reusing resources from waste 

fractions (Angouria-Tsorochidou, Klinglmair and Thomsen, 2019). 
 

4.1 ASSESSMENT INDICATORS AND CONTEXT 

A list of simplified indicators proposed for the DECISIVE DST are provided below: 

1. Environmental Performance Indicators 

a. Network indicators  

i. Biowaste Net Material Recovery Index 

ii. Biowaste Net Energy Recovery Index  

iii. Transport Intensity Index  

b. LCIA indicators 

i. Climate Change 

2. Economic Performance Indicators 

a. Capital Investment Costs 

b. Operational Investment Costs 

c. Revenues  

3. Social Performance Indicators 

4. Labour measures along the value chain from sorting to collection to treatment  
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a. measured in units (person*time) 

5. Space requirements for the waste management systems  

a. private for the waste generator to sort, urban and non-urban area needed  

6. Efforts measured as time spend on waste sorting 

 

For the network indicators the DECISIVE DST proposes to implement a less data intensive approach compared to 

Pizzol et al., 2013 and Font-Vivanco et al. 2012 as described in deliverable D5.1. These indicators are not 

implemented in the DSTv1, but they are promising as they address circularity, and hence degree of self-sufficiency, 

of the system. As the simplified network indicators has not been yet implemented, it is out of the scope of the report 

to evaluate such indicators. However, it should be mentioned that the simplified network indicators is under 

evaluation. Furthermore, ongoing research aims to develop novel characterisation factors allowing for ecosystem 

services (e.g. climate change mitigating and environmental restoration) from circular resource flows (Figure 3) to be 

included in system level LCA. 

For the simplified economic and social indicators, these are not subjected to further evaluation, but will be further 

discussed in ongoing work on the development of a green economy concept model. A complete technical, economic, 

environmental and social assessment has been presented in Thomsen et al., 2018 highlighting the importance of 

addressing environmental and economic costs and benefits of all actors of the value chain. The latter to ensure long-

term economic viability of the industrial ecology systems while solving issues related to e.g. feedstock quality and 

supply security. Lastly, regulatory standards as a measure of health and safe use of biowaste as a secondary 

resource are included in the proposed catalogues of simplified indicators for the DST. 

 

The proof-of-concept documents the user-friendliness, transparency and accuracy of the DSTv1, based on the 

environmental assessment indicator Climate Change.  

 

The environmental assessment performed by the DECISIVE DST is in reference to the global warming potential of 

the direct air GHG emissions from processing the biowaste of modelled system inserted by the user, as well as, in 

indirect air emissions derived from background data in the DECISIVE DST.  

The tool is designed to calculate the system level climate change impact by adding the emissions of each individual 

stage and expresses them in kg CO2 equivalents (CO2e).  

 

In order to deliver an integrated sustainability assessment, the tool aims to incorporate, in addition to environmental 

performance measures, also economic, social and regulatory aspects, as described in D5.1 and Annex 1 of D4.1. In 

the section below, we illustrate how the user may insert foreground life cycle inventory data and product output 

results focussing mainly on the environmental dimension, which is presently addressed by the system-level CO2 

footprint. 

 

The DECISIVE DST models the waste management system by combining the individual stages of the biowaste 

collection and downstream valorisation chain (s) comprising the whole system. These stages include the waste 

generation, source-separation activities, collection of the generated waste and transport to the waste facility, the pre-

treatment, treatment, final disposal, bio-based products use, as well as transportation between the different waste 

facilities. A schematic representation is provided in Figure 6.  

 
 

 
Figure 6: Schematic representation of the DECISIVE DST modelling stages. 
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Throughout the modelling process in the DECISIVE DST, the user needs to enter all the associated inputs and 

outputs, such as direct and indirect emissions, consumption of materials and source-separation efficiencies and 

transfer factors.  

 

At the time of evaluation of the DSTv1, it was not possible to model the whole system due to error messages in the 

software. For this reason, and for the purpose of being able to verify model parameters and algorithms explaining the 

output results (Appendix 1) of the DSTv1, for quality assurance, the algorithms were coded in an excel file. 

 

The user has to know the direct emissions, or be able to access the database (i.e. waste characterisation and waste 

process documentation) developed by the DECISIVE team and select representative processes to model and assess 

a certain system. At the time of evaluation, access to background data and complete assessment algorithms were not 

available for a standard user external to the DECISIVE consortium.  

 

For the above reasons, the evaluation of proof-of-concept for the DECISIVE DSTv1 was performed by inserting unit 

data with the only purpose to produce an output file revealing process-specific emissions or transfer factors applied in 

the DST allowing us to setup assessment algorithms as presented below. In a second step, these emission and 

conversion or transfer factors were used to calculate the climate change impact of the system under assessment in 

an excel file, replication the assessment algorithms included the DECISIVE DST. The results are presented in 

Chapter 4.5.  

 

In the chapter 4.2, we assess the facility offered to the user to insert data and also the algorithms associated to the 

individual steps of the user interface. The algorithms were derived from the process of back-calculating, extracting 

and verifying emission and transfer factors based on system inputs (Chapter 4.2) and outputs (Chapter 4.6.2 and 

Appendix 1). For this the case study worked out by Thomsen et al. (2018) was used as a reference for data inputs. 

 

 

4.2 ENVIRONMENTAL ASPECTS - INPUT DATA AND ASSESSMENT ALGORITHMS 

ALONG THE VALUE CHAIN  

The DECISIVE DST quantifies the environmental performance of the WMS by the system level CO2e footprint per 

tonne input waste reported in the inventories. The CO2e footprint results from the sum of two components (direct and 

indirect emissions). The direct (or process) emissions are calculated as the sum of each GHG (i.e., CH4, N2O, CO2) 

emission for each treatment step inserted by the user. If the user inserts CH4 and N2O emission data, these 

compound-specific emissions are multiplied by a global warming potential of 25 and 298 respectively, prior to 

summing up the individual GHG in the unit of CO2e. Background information on indirect emissions refers to the CO2e 

emissions associated with the production of input materials and energy for constructing and operating the 

WMS/CWMS and are reported per functional unit. As such, background information about the CO2e footprint of the 

selected input material and energy in units of kg CO2e per tonne of input waste (SI, column F in the sheet named 

“Scenario Intensive Results”) is multiplied by the reported amount of input waste (Angouria-Tsorochidou, Klinglmair 

and Thomsen, 2019).  

 

The output file from the DSTv1 includes direct emissions of the biowaste management system and indirect emissions 

related to background processes (D5.1). The user inserts the direct and indirect emissions in the “amount” box. While 

the user is able to define the functional unit associated (the parameter “none” represents the functional unit of one 

tonne input waste). The direct emissions of each activity are associated with the specific activity of the waste 

management system while the indirect emissions are associated with the external inputs to the waste management 

system and are controlled by entities outside the local WMS. An example of indirect emissions is the emissions 

associated with the energy, e.g. diesel, consumed in the system. At the time of the proof of concept assessment, 

there was no available documentation for the background processes and emissions included in the tool for a standard 

user.  
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The DECISIVE DST is able to account for avoided emissions resulting from output products from the system 

substituting fossil-based products outside the system. An example of such avoided emissions is the locally produced 

biogas for the production of heat and electricity. Such locally produced biobased energy, substitutes energy supply 

from the background energy system of the location, and is indicated by negative inputs in the model (Figure 11). The 

negative input represents the avoided emissions from the type of heat and electricity delivered from the energy mix of 

the country. The user is able to choose the country of reference, e.g., Italy, Germany, France, United Kingdom, and 

the DST then calculates the avoided emissions associated to the electricity and heat provided from the energy mix of 

the selected country.  

 

Input data and assessment algorithms along the value chain  
 
Generation 

The generation step in the DECISIVE DST assigns all the waste sources included in the waste management zones to 

a specific generation process. The mass flow parameters assigned are one unit/year and tonne wet weight/unit. 

Created to model circular biowaste management systems, the DECISIVE DST offers the possibility to allocate the 

amount of biowaste in four different categories, i.e., food waste, green waste, woody waste and other organic waste 

as shown in Figure 7.  

 

Figure 7: User interface to insert information about the biowaste as a secondary resource for biobased production. 

As an example, we inserted 44596 t ww waste as input with a composition close to 50% food waste and 50% other 

organic waste. The data input boxes under the heading “Food Waste Composition”, the tool allows the user to specify 

the fraction of waste as “avoidable” and “unavoidable”, respectively (Deliverable D3.5 and Teigiserova et al., 2020). 

All the biowaste produced was set equal to unavailable biowaste in this example. 
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At this point, the case study of Thomsen et al. (2018) does not comply with the definitions of the DST as the study has 

only domestic and commercial organic fractions, so it was only possible to evaluate the DST by defining specific 

waste fractions with different macronutrients (N, P), carbon as well as macro- and micro-pollutant concentrations. 

At this point of entry, it is not possible to enter own data on the chemical composition of the individual biowaste types. 

Nor is it possible to access background information on the biowaste characterization data. The micro- pollutant 

content is considered as fixed for the different biowaste types. As such, it is not possible to enter information about 

the micro-pollutant content in different biowaste types (e.g. Götze et al., 2016; Angouria-Tsorochidou and Thomsen, 

2020) and by consequence to address the health and safety aspects of the biobased output products (see Chapter 

5.3; Marini et al., 2020; Pizzol et al., 2013).  

 

 
Source-separation 

The source separation process allows the user to model sorting activities taking place at the point of generation, by 

creating one or more waste outputs for each generation source. The presence of macro-impurities in the biowaste 

fraction is modelled in the source-separation step based on input by the user as illustrated in Figure 8. 

 

 

Figure 8: Interface for inserting information about the macro-impurity content in mixed collected municipal 

solid waste treated at a waste-to-energy plant, representing the reference scenario prior to diverting of 

source-separated waste to combined biogas and organic fertilizer production systems. 

 

The macro-pollutant composition refers to the output feedstock from a waste sorting process, and cannot be specified 

for the individual biowaste types (Figure 7). The allocation between the waste outputs into macro-pollutant and 

biowaste is based on mass flows. It allows for setting up a mass balance calculating the actual amount of biowaste 

entering the downstream treatment processes. The inorganic macro-pollutants are not addressed any further in the 
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DST (Deliverable D5.1).   

 

For the above reason, our selected case study is not suitable for evaluating the DST. The DST is able to model one 

output feedstock from the waste sorting step as specified under the step “waste generation”. For this reason, it is only 

possible to insert information about the macro-pollutant content in the resulting biowaste composition output from the 

waste sorting process as specified by the user (Figure 7).  

It is not possible to model several fractions as output from the waste generation and sorting steps feeding different 

downstream treatment processes constituting different bioeconomic value chains as visualised in Figure 17. 

  

Collection 

The collection process simulates the gathering of waste from different collection points within a specific collection 

scheme. Scenarios for such collection schemes are defined in Deliverable D3.7. In the present proof-of-concept 

evaluation we use the system definition of an already published case study (Thomsen et al., 2018) considering the 

collection of waste as a single-point generation and the subsequent transportation to the treatment facility (Figure 20). 

The environmental impact related to the collection and transport activities originates from the consumption of diesel 

for the transportation of the collected waste by trucks.  

 

 

Figure 9: Material and energy input parameter boxes in the web-based DST. 

 

The tool allows the user to select between four types of trucks types as visualised in Figure 10. 
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Figure 10: Options for selection of truck size and types. 

 

It was not possible to get access to the assessment algorithms directlyfrom the background environment of the tool. 

However as consortium partner, we accessed to a data sheet containing background parameters on the diesel 

consumption which was set equal to 0.0131 litre diesel/t*km corresponding to “Truck 14t, rigid” which matches the 

capacity of the truck size needed (Thomsen et al., 2018). Equation 1 shows the calculation of the climate change 

impact from transport in the DST, as assumed in the evaluation case study (Thomsen et al., 2018). 

 

𝐶𝑂2𝑒,𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡= 0.0131
𝑙𝑖𝑡𝑟𝑒𝑑𝑖𝑒𝑠𝑒𝑙

𝑡∗𝑘𝑚
∙ 2.5

𝑘𝑔𝐶𝑂2

𝑙𝑖𝑡𝑟𝑒𝑑𝑖𝑒𝑠𝑒𝑙
∙ 𝐼𝑊 ∙ 𝐷 ∙

𝐼𝑊

𝑡𝑟𝑢𝑐𝑘𝑙𝑜𝑎𝑑
 (1) 

 

where the first two variables multiplied equals the output reported in cell F14 in the sheet named “Scenario Intensive 

Results”, IW is the amount of collected fresh weight waste provided in units of tonnes [t] and D is the distance of 

waste transportation by truck, i.e. from the collection point to the treatment facilities, provided in units of [km].  

 

A list of parameters of the biowaste collection database of the DST should be found in deliverable D3.7 when 

published. 

 

 

Treatment 

The treatment stage of the DECISIVE DST includes the management of all generated waste in the system under 

assessment. The DECISIVE DST calculates the contribution to climate change (mitigation) from the treatment steps 

based on the materials and energy inputs according to Equations 2 – 5 below.  
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Figure 11: In this step of developing the scenario, the user has to insert information about the material and energy 

outputs. The produced heat and electricity are inserted with negative signs to indicate avoided emission (SI, Scenario 
Intensive Results, cell F16 and F17). 

 

The emissions from off-loading the waste at the plant is calculated as: 

 

𝐶𝑂2𝑒,𝑑𝑖𝑒𝑠𝑒𝑙= 2.5
𝑘𝑔𝐶𝑂2

𝑙𝑖𝑡𝑟𝑒𝑑𝑖𝑒𝑠𝑒𝑙
∙ 𝐸 ∙ 𝐼𝑊 (2) 

where the 2.5 kg CO2/litre is the emissions per litre diesel consumed and E is the amount diesel, [
𝑙𝑖𝑡𝑟𝑒𝑑𝑖𝑒𝑠𝑒𝑙

𝑡𝐼𝑊
] 

consumed for off-loading the biowaste at the treatment plant multiplied by the input parameter, IW, quantifying the 

amount of input waste subjected to the unit operation provided in units of [t]. 

The avoided emissions from substitution German energy mix is calculated as shown in equation 3 and 4: 

𝐶𝑂2𝑒,𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦= 0.516
𝑘𝑔𝐶𝑂2

𝑘𝑊ℎ
∙
𝑘𝑊ℎ

𝑡𝐼𝑊
∙ 𝐼𝑊 (3) 

where the emission intensity for the substitution of German electricity is 0.516 kg CO2/kWh is the generated 

emissions from the use of German electricity multiplied by the amount of waste, IW, reported by the user as being 

subjected to the unit operation provided in units of [t]. The variable 0.516 kg CO2/ kWh is calculated by dividing  

𝐶𝑂2𝑒,ℎ𝑒𝑎𝑡 = 0.226𝑘𝑔
𝐶𝑂2

𝑀𝐽
∙
𝑀𝐽

𝑡𝐼𝑊
∙ 𝐼𝑊 (4) 

where the emission intensity for the substitution of German heat is 0.226 kg CO2/MJ is the generated emissions per 

mega joule heat consumed by the treatment process, multiplied by the amount of waste, IW, subjected to the unit 

operation provided in units of [t].  

 

The emission intensity factors provided in equations 3 and 4 are calculated from input data transferred to the output 

file information (Appendix 3). The energy outputs from combusting 1 tonne of household waste at the Waste to 

Energy (WtE) plant are -424 kWh electricity and -10103 kJ heat as provided Figure 11. As it can be seen in the 

Appendix 3, excel sheet called “Scenario Intensive Results, [F16:F17], these numbers are translated into -219 kg 

CO2e/tonne input waste for electricity and -2283 kg CO2e/tonne input waste heat. From here it is possible to derive 

the emission intensity factors of substituting German Electricity and Heat are equal to (218 kg CO2 avoided/ tonne 

input waste/-424 kWh electricity/ tonne input waste) 0.516 kg CO2e/ tonne input waste as applied in Equation 3, and 
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0.226 kg CO2e/tonne input waste as applied in Equation 4, respectively. Such background data should be available to 

the user.  

The CO2 emission from the use of process water is calculated as: 

𝐶𝑂2𝑒,𝑤𝑎𝑡𝑒𝑟 = 0.402
𝑘𝑔𝐶02

𝑚3 ∙ 𝑉 ∙ 𝐼𝑊 (5) 

where the 0.402 kg CO2/m
3
 is the generated emissions from the use of one cubic meter tap water, V is the amount of 

water use provided in units of [
𝑚3

𝑡𝐼𝑊
], multiplied by the amount of waste, IW, reported by the user to be subjected to 

the unit operation provided in units of [t]. 

 

Direct emissions 

The direct emissions, i.e., CH4, N2O and CO2, inserted is 2.21 kg CH4/ tonne input waste and 0.51 kg N20/ tonne 

input waste, estimated from Thomsen et al. (2018) (see Figure 12).  

Figure 12: Direct emission inserted for the treatment of wastewater in DST. 

 

The results provided in the sheet named “Scenario Intensive Results, cell F26 and F27 were used to verify the global 

warming potential applied by the DST which were found to be 25 kg CO2e/kg CH4 and 289 kg CO2/kg N2O. The latter 

number is a typing error as the GWP of N2O is 298 (https://dst.decisive2020.eu/files/180811_Emission_Factors.pdf) 

that should be corrected in a final stage of the DST. 

 

According to the Fourth assessment report of IPCC the global warming potential relative to CO2 is 298 kg CO2e/kg 

N20 and according to the Fifth assessment report is 265 kg CO2e/kg N2O. In the reconstruction of the DST model, we 

used the global warming potential factors of the Fourth assessment report.  

The emissions of CO2 have a global warming potential factor of 1.  

𝐶𝑂2𝑒,𝑓𝑜𝑠𝑠𝑖𝑙 = 1
𝑘𝑔𝐶𝑂2

𝑘𝑔𝐶𝑂2
∙ 𝐸𝐹𝐶𝑂2 ∙ 𝐼𝑊 (6) 

where 1 kg CO2/kg CO2 is the global warming potential of carbon dioxide,  𝐸𝐹𝐶𝑂2  is the fossil carbon dioxide 

emission factor for the specified treatment technology provided in units of [
𝑘𝑔𝐶𝑂2

𝑡𝐼𝑊
], adjusted to the amount of waste, 

IW, subjected to the unit operation provided in units of [t] reported by the user. 

𝐶𝑂2𝑒,𝐶𝐻4= 25
𝑘𝑔𝐶𝑂2

𝑘𝑔𝐶𝐻4
∙ 𝐸𝐹𝐶𝐻4 ∙ 𝐼𝑊 (7) 

where 25 kg CO2/kg CH4 is the global warming potential of methane,  𝐸𝐹𝐶𝐻4  is the methane emission factor for the 

specified treatment technology provided in units of [
𝑘𝑔𝐶𝐻4

𝑡𝐼𝑊
], multiplied by the amount of waste, IW, subjected to the 

unit operation provided in units of [t]. 

https://dst.decisive2020.eu/files/180811_Emission_Factors.pdf
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𝐶𝑂2𝑒,𝑁2𝑂= 298
𝑘𝑔𝐶𝑂2

𝑘𝑔𝑁2𝑂
∙ 𝐸𝐹𝑁2𝑂 ∙ 𝐼𝑊 (8) 

where 298 kg CO2/kg N2O is the global warming potential of nitrous oxide, 𝐸𝐹𝑁2𝑂 is the nitrous oxide emission 

factor for specified treatment step provided in units of [
𝑘𝑔𝑁2𝑂

𝑡𝐼𝑊
] multiplied by the amount of waste, IW, subjected to 

the unit operation provided in units of [t]. 

 

Bio-based product use 

The “bio-based product use” step models the use of the solid material output from the treatment process. Such can 

include the application of waste-derived organic fertilizer products on farmland according to the waste-derived 

fertilizer regulation adopted as part of the EU Circular Economy Package (European Parliament, 2019). The inventory 

for bio-based product use also includes the avoided production of conventional products substituted. The version 1 of 

the DECISIVE DST does not include default substitution factors. The user has to calculate the substituted amount 

prior to the modelling. For waste-derived fertilizers, the substitution factors included in the model are 0.4 and 0.95 for 

N and P mineral fertilizers, respectively (Thomsen et al., 2018). 

In order to calculate the climate change impact factors of mineral fertilizers, the production of P and N fertilizer was 

adopted from Thomsen et al. (2018), corresponding in 11 kg P fertilizer and 7 kg N fertilizer per ton of organic matter 

(OM) entering Egaa WWTP per year (Figure 13). For Marselisborg the numbers are 20 kg P/t OM and 9 kg N / t OM 

(figure 14). 

 

Figure 13: Amounts of N and P in the biobased fertilizers produced which substitutes mineral fertilizers at Egaa 

WWTP per year. 

 

 

Figure 14: Amounts of N and P in the biobased fertilizers produced which substitutes mineral fertilizers at 

Marselisborg WWTP per year. 

 

The calculations of the emission intensity factors result provided in equation 9 and 10 is derived from the reported 

amount of avoided CO2 per kg N and P substituted as provided in the SI, sheet named “Scenario Intensive Results”, 
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F48 and F49, F58 and F59). From here, the emission intensity of producing on tonne of N and P fertilizers 

respectively is calculated as follows. The avoided emission of 1.8 kg CO2/tonne P mineral fertilizer is calculated as -

2.7E-5 kg CO2/tonne of input waste (cell F58 divided by the amount of P in one tonne of input biowaste which is 1.5E-

5 ton P/ tonne input waste (Thomsen et al., 2018). The avoided emission of 8.8 kg CO2/tonne N mineral fertilizer is 

derived from cell F59 divided by the amount of N in one tonne of input waste which is 1.03E-5 ton N / tonne input 

waste. In equations 9 and 10, we furthermore introduced substitution ratios of 95% for P and 40% for N, which we 

applied in our excel-based replication of the DST (results provided in Table 1). 

𝐶𝑂2, 𝑒,𝑃𝑓𝑒𝑟𝑡𝑖𝑙𝑖𝑠𝑒𝑟= 1.8
𝑘𝑔𝐶𝑂2

𝑡𝑚𝑖𝑛𝑒𝑟𝑎𝑙𝑃𝑓𝑒𝑟𝑡𝑖𝑙𝑖𝑧𝑒𝑟
∙ 0.95 ∙ 𝑃𝑤𝑑 ∙ 𝐼 (9) 

where 1.8 kg CO2/t Pfertilizer is the climate change impact per t mineral P fertilizer, 0.95 is the substitution ratio and Pwd, 

is the phosphorous content in waste-derived fertilizers (WDF) provided in units of [
𝑡𝑃

𝑡𝑊𝐷𝐹
] multiplied by the amount of 

output organic fertilizer product reported by the user to arrive at extensive system-level results. 

𝐶𝑂2, 𝑒,𝑁𝑓𝑒𝑟𝑡𝑖𝑙𝑖𝑠𝑒𝑟= 8.85
𝑘𝑔𝐶𝑂2

𝑡𝑁𝑓𝑒𝑟𝑡𝑖𝑙𝑖𝑧𝑒𝑟
∙ 0.4 ∙ 𝑁𝑤𝑑 ∙ 𝐼 (10) 

where 8.85 kg CO2/t Nfertilizer is the climate change impact per t mineral N fertilizer produced and used, 0.4 is the 

substitution ratio and Nwd is the nitrogen content in the WDF provided in units of [
𝑡𝑁𝑓𝑒𝑟𝑡𝑖𝑙𝑖𝑧𝑒𝑟

𝑡𝐼𝑊
] multiplied by the 

amount of output organic fertilizer product reported by the user. 

 

Final disposal 

The main final disposal activities in the DECISIVE DST are WtE plants and landfill. Of relevance, for the case study 

modelled is incineration with energy production and landfilling of combustion residues or dedicated use pre-treated 

ash and slag in asphalt production. Wastewater from wet scrubbing is sent to the wastewater treatment plants 

modelled based on parameters in the technology database included in the DST. This case study, only considers 

incineration with energy production and landfilling of the combustion residues as the final disposal step. The climate 

change impact is calculated based on the equations (1) to (8) while the combustion residues disposed of at landfills 

are considered inert with GHG emissions equal to zero. 

 

 
4.3 SOCIO-ECONOMIC ASPECTS 

The economic costs of the system includes CAPEX, OPEX and Revenue of the Scenario. The costs calculated in the 

system result from different types of entries. The user is able to insert specific direct costs associated with each 

operational activity in the assigned box. The operational activities relevant for DECISIVE solutions cover plastic bags, 

containers trucks and buckets. In addition, the user is able to add the capital costs associated with the infrastructure 

of each activity, accounting also for the depreciation and the capacity of the infrastructure. An example of capital 

costs input is given in Figure 15.  

 

 
Figure 15. Capital inputs associated with the waste treatment facility.  

 
Local Labour  

The labour hours includes only the labour directly related to the waste management system, while it excludes labour 
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related to the production of background processes such as the energy system. Figure 16, below, shows an example 

of input boxes which at the current state of the DECISIVE DST are only associated with the labour costs and is 

expressed in worker*hour/tonne input waste.  

 
Figure 16. Socio-economic aspects of the DECISIVE DST. 

 
Space Requirement 

The space requirement includes 1) private space at the source of generation to separate the waste, 2) public space 

for containers and collection routes, 3) public space for containers and collection routes, 4) space requirement for 

DECISIVE solutions, e.g. m-AD plant and 5) peri- and extra-urban agricultural cropland that may potentially be 

fertilized using urban waste-derived organic fertilizers (Deliverable D5.3). 

 
Sorting Time 

The sorting time represents the amount of time used by the biowaste generators to sort their biowaste at the point of 

generation (Deliverable D5.3). 

 

 

4.4 LINKING PROCESSES OF THE VALUE CHAIN 

After the modelling of the individual stages, the user is able to link in stepwise order the different processes that 

constitute the WMS/CBWMS. The linkages of the processes represent the mass balances and resource flows 

throughout the defined scenario or existing system. Thus, by linking a specific generation source of biowaste to its 

specific source separation method, the mass associated with the generation process is transferred to the next stage 

by applying the associated source separation factors. A similar approach is applied to further downstream treatment 

steps of the (circular bio-) waste management system modelled. An example of linkage of different sources of waste 

generation and collection chains is shown in Figure 17, below.  

 

 
Figure 17: Representation of the linkages between the individual stages in the DECISIVE DST. 

 

 

4.5 PRESENTATION OF THE RESULTS IN THE DECISIVE DSTV1 

The results of the DECISIVE DST are delivered to the user in two forms, i.e., in a graphic spider web representation 

and an excel file. The graphic representation (see Figure 18) expresses the total impacts of each impact category of 

the system while the excel file (see Figure 19) shows the impacts associated with each stage of the system modelled.  



 

Proof of Concept of the integrated sustainability assessment 

 
29 

 
Figure 18: Graphic representation of the system in a spider web format. 

 

The picture is only an illustration, as this result presentation was not operational at the time this proof-of-concept 

assessment of DECISIVE DSTv1 has been performed. . In addition to the spider diagram an output excel file is 

produced containing 3 sheets named “Scenario Intensive Results (hidden sheet), “Scenario Mass Balance” and 

“Scenario Extensive Results” of which the latter sheet is visualised in Figure 19 (see SI).  

 
 

 
 
Figure 19: Caption of the excel result file including different stages of the waste management system.  

 

From the output file, we reconstructed the assessment algorithms applied in the DSTv1 as described in the former 

sections. The actual results, shown in Table 1, are calculated using these assessment algorithms to estimate the 

CO2e footprint of direct emissions, Indirect emissions, avoided emissions from substituted heat, electricity and 

mineral fertilizer summing up to the total system level CO2e footprint.  

 

From this chapter we may conclude that the transparency, based on the definition presented in chapter 3, of the 

DECISIVE DSTv1 is low for a standard user.  Ideally, the user should benefit from access to intensive variables, 

treatment process specific data. Databases and specification of the background data, technology specific information 

and documentation of assessment algorithms are required in the future to increase the transparency and usability of 

the tool. 

 
4.6 COMPARING OUTPUT RESULTS OF CO2 FOOTPRINT FROM SIMAPRO AND THE 

DECISIVE DSTV1 

This first version of the DECISIVE DST, justifiably, does not include all the features and capabilities of later versions 

and especially the ones after the implementation of the proposed improvements by the DECISIVE consortium. 

Therefore, the current format of the proof-of-concept is only able to assess the already implemented features and 

discuss potential future add-ons and desired applications. 

 

The proof-of-concept for the waste management tool can be performed on several levels. In this document, and 

according to the implemented functions, we assess the ability of the tool to model circular waste management 

systems, with emphasis on biowaste management. This implies that the user is able to modify and create new 
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processes in the tool to obtain an ex-ante assessment of potential transition scenarios from existing linear centralised 

WMS into decentralised CBWMS. Such opportunities will make it feasible for the user to analyse new conditions and 

combinations of technologies and processes, and provide the flexibility to consider the varied composition of the input 

and final products of the system as it is one key impact of the DECISIVE project. It will allow for a quantification of the 

environmental benefits of implementing waste collection chains, and the use as waste as a secondary resource 

resulting in high quality biowaste and value-added output products (Blikra Vea, Martinez-Sanchez and Thomsen, 

2018). Thus, this proof-of-concept depends on the ability of the tool to adapt to real waste management conditions of 

the system under assessment (Angouria-Tsorochidou, Klinglmair and Thomsen, 2019). 

The proof-of-concept of the DECISIVE DST is performed by comparing the results obtained from the DECISIVE 

DSTv1 to the results obtained from a full life cycle assessment modelled in SimaPro, on the same case study 

(Thomsen et al., 2018).   

As explained in Chapter 4.2, the comparative analysis takes as a case study the transformation of the current 

management of municipal solid waste (MSW) in the city of Aarhus in Denmark, and examines an alternative scenario 

by diverting the organic fraction of the municipal solid waste (OFMSW) away from the Waste to Energy (WtE) plant 

(existing system) and towards co-digestion at anaerobic digesters. The OFMSW treatment takes place at two local 

wastewater treatment plants (WWTPs) with anaerobic digestion of sludge, for combined bio-gasification and fertilizer 

production (Thomsen et al., 2018).  

 
4.6.1 System description 

The system considers 138,004 tonnes (t) of dry domestic (41%) and commercial (59%) waste, with a dry matter 

content of 58.18% (organic and inorganic). Of the total amount of MSW, 16% of the domestic generated OFMSW, 

with a dry matter content of 45.5%, are separately collected and transported by trucks to two biogas plants at Egaa 

and Marselisborg WWTPs. The residual waste is collected by trucks and transported to Aarhus WtE plant, 

“AffaldVarme” (Figure 20). 

 

 

Figure 20: Location of the three energy-producing plants included in the Aarhus city case study (Thomsen et al., 

2018) 

 

The reference and alternative designs of the biowaste management within the system visualized in Figure 21 are 

briefly described in this chapter. For a more detailed system description, the reader is referred to Thomsen et al., 

2018. The diversion of 16% of the domestic organic fraction from the WtE plant towards the two WWTPs was chosen 

for the alternative scenario because, according to experts, this amount does not imply the need for change to the 
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sewer system; i.e. as long as the increase in suspended organic matter is less than 25%. 

 

• The reference scenario (RS) includes the mixed collection of MSW by trucks and the transportation of them to 

Aarhus WtE plant, “AffaldVarme”, which is located 8.5 km from the centre of Aarhus city 

 

• The alternative scenario (AS) models the diversion of 16% of domestic organic waste from the WtE plant towards 

co-digestion with sludge, for combined bio-gasification and fertilizer production 

 

• The OFMSW is transported by trucks to Egaa and Marselisborg WWTPs, which are located 8 km and 3.5 km, 

respectively, from the centre of the city of Aarhus 

 

• Prior to anaerobic digestion, the OFMSW is pre-treated with the bio-pulp technology 

 

The scenarios under assessment are based on an existing study; hence, the life cycle inventory used in the present 

work is adopted from Thomsen et al., 2018. The functional unit of the assessment is the total amount of waste 

generated in the city of Aarhus, consisted of 138,004 t dry waste (domestic and commercial) and 25,511 t of COD in 

wastewater.  
 

¨ 
 
Figure 21: Visualization of the life cycle assessment system; solid lines represent the reference scenario and dotted 

lines the additional processes in the alternative scenario. 
 

 
4.6.2 Results of CO2 footprint calculations in SimaPro and the DECISIVE DSTv1 

The climate change impact and the potential mitigation services from the avoided production of conventional 

electricity, heat and fertilizer were calculated for the RS and AS of the MSW and wastewater management system of 

Aarhus city. The detailed results for the WtE plant and the two WWTPs calculated in SimaPro (Thomsen et al., 2018) 

and the DECISIVE DSTv1 are presented in Table 2 in kg CO2e.  

 

Table 2. Direct and indirect climate change impact and climate change mitigation services in kg CO2e. 

 

 

Plant / DST /Scenario Direct 

emissions 

Indirect 

emissions * 

Avoided 

heat 

Avoided 

electricity 

Avoided 

fertilizer 

Total CO2e 

 footprint 

WtE / SimaPro / RS 9.22E+07 8.67E+06 -1.52E+08 -3.16E+07 - -8.27E+07 

WtE / SimaPro / AS 9.20E+07 8.46E+06 -1.49E+08 -3.09E+07 - -7.94E+07 
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WtE / DST / RS 9.22E+07 1.17E+07 -4.93E+08 -4.72E+07 - -4.36E+08 

WtE / DST /AS 9.20E+07 1.14E+07 -4.81E+08 -4.62E+07 - -4.24E+08 

Egaa WWTP / SimaPro /RS 1.07E+06 9.24E+05 -7.55E+05 -2.07E+06 -8.10E+05 -1.64E+06 

Egaa WWTP / SimaPro / AS 1.11E+06 9.93E+05 -1.02E+06 -2.79E+06 -1.18E+06 -2.89E+06 

Egaa WWTP / DST / RS 1.07E+06 1.19E+06 -2.44E+06 -3.10E+06 -2.85E+02 -3.28E+06 

Egaa WWTP / DST / AS 1.10E+06 1.25E+06 -3.29E+06 -4.18E+06 -4.25E+02 -5.11E+06 

Marselisborg WWTP / SimaPro / RS 3.53E+06 2.92E+06 -2.69E+06 -3.42E+06 -3.71E+06 -3.37E+06 

Marselisborg WWTP / SIMAPRO / AS 3.47E+06 3.13E+06 -3.69E+06 -4.68E+06 -4.71E+06 -6.48E+06 

Marselisborg WWTP / DST / RS 3.53E+06 4.13E+06 -8.70E+06 -5.11E+06 -1.37E+03 -6.15E+06 

Marselisborg WWTP / DST / AS 3.47E+06 4.44E+06 -1.19E+07 -7.01E+06 -1.72E+03 -1.10E+07 

*From material & energy consumption 

 
 

 

Marselisborg WWTP produces 427,500 kg of P fertilizer and 181,582 kg of N fertilizer, which substitute mineral 

fertilizers in the market (Thomsen et al., 2018). The avoided climate change potential calculated in SimaPro is -

3.71*10
6 

kg CO2. On the other hand, the avoided climate change impact calculated from the DECISIVE DST is -

2.8*10
3
, as it can be seen in the Appendix 3, Tab “Scenario Intensive Results, [F57+F58].  However, as mentioned 

before, the DECISIVE DSTv1 does not include substitution factors for the mineral fertilizers. When the substitution 

factors are included in the calculations the avoided climate change impact is calculated to 1.4 *10
3
, as indicated in the 

table above. One possible reason for this difference could be differences in the selection of mineral fertilizer 

substituted (and associated CO2 footprint) in the DSTv1 compared to SimaPro. This highlighted the importance for 

the user to have details about background data and hypothesis in order to be able to understand results clearly. 

 

The total CO2e footprint at system level for the climate change impact calculated in the DECISIVE DSTv1 for 

the RS and AS is -4.45 × 10
8
 kg CO2e and -4.40 × 10

8
 kg CO2e while in SimaPro for the RS and AS is -8.74 × 

10
7
 kg CO2e and -8.80 × 10

7
 kg CO2e, respectively. The AS in SimaPro shows mitigation of climate change 

impact compared to the RS (Table ) while the results of modelling in the DECISIVE DSTv1 do not imply the 

same trend. The relative trend of individual processes, for the AS compared to the RS, is the same in both the 

DECISIVE DST and SimaPro software; the magnitude of these changes, however, diffe rs considerably. More 

precisely, the WtE process performs better in the RS in both models due to the decreased avoided electricity 

and heat, which is a consequence of the decreased waste input. On the other hand, the transportation 

activities and the two WWTPs perform better by mitigating the climate change impact in the AS, in both 

models.  

The first version of the DECISIVE DST includes limited options regarding the choice of the country’s energy 

(electricity and heat) mix to be considered in the model. Between the options, i.e., Spain, Germany, France, Italy, UK 

and Catalonia, the German energy mix was deemed closer to the Danish used in SimaPro. However, the Danish 

electricity and heat energy mix had a higher share of renewable energy sources (International Energy Agency, 2019). 

In accordance with this, the avoided climate change impact from the electricity and heat produced in the WtE and 

WWTPs is higher in the DECISIVE DST compared to SimaPro.  

 

The direct emissions associated with the waste management processes were calculated in the DECISIVE DSTv1. 

The results show a decrease from 9.22 × 10
7
 kg CO2e (RS) to 9.20 × 10

7
 kg CO2e (AS) and from 3.53 × 10

6
 kg CO2e 

(RS) to 3.43 × 10
6
 kg CO2e (AS) for the WtE and Marselisborg WWTP, respectively, and an increase from 1.07 × 10

6
 

kg CO2e (RS) to 1.11 × 10
6
 kg CO2e (AS) for the Egaa WWTP. The decrease of climate change impact related to the 
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WtE plant is based on the decrease of waste processed and consequently the greenhouse gasses emitted from the 

activities. Similar to this, the increase of climate change impact for the Egaa WWTP is due to the increase of waste 

processed in the plant.  

 

The climate change impact associated with the material consumption in the three waste processing plants results in 

considerably higher values in the DECISIVE DSTv1 model. Nevertheless, the contribution of the materials ranges 

from 0.008% to 0.196%, with the rest of the CO2 footprint related to electricity and heat consumption. Therefore, the 

increased CO2 footprint is a result of the energy mix used in the assessment.  

 

The transportation activities show a decrease in the climate change impact from the RS to the AS, from 1.75 × 10
4
 

CO2e to 1.69 × 10
4
 CO2e and from 6.63 × 10

5
 CO2e to 6.43 × 10

5
 CO2e, in the DECISIVE DSTV1  and SimaPro, 

respectively. Even though the total amount of wet weight transported to the facilities remains unchanged, the 

decreased distance from the collection point in the city of Aarhus to the WtE plant (8.5 km) compared to the Egaa (8 

km) and Marselisborg (3.5 km) results in lower values. Although, it has to be noted that the climate change impact 

calculated in the DECISIVE DSTV1  is lower by a factor of ten compared to SimaPro.  

 

In conclusion, DSTv1 gives qualitatively the same trend of results as Simapro. However quantitative differences are 

observed which relies on the references and hypothesis that are behind the background data and algorithms. As an 

example, the largest difference between the two models is observed in the avoided climate change impact from 

fertilizer substitution. For the DECISIVE DSTV1 calculations, 0.4 and 0.95 substitution factors were used for N and P 

mineral fertilizers, respectively. The N and P plant availability needs to be sufficiently documented along with the 

fertilizer value of future waste-derived fertilizer since these factors highly influence climate change mitigation services. 

 

 

4.6.3 Environmental and human health Impacts 

Being aware that the DSTv1 does not allow for modelling the health and safety
3
 of output products at the present 

stage, we present simple mass balance calculations to document the relevance of the inclusion of the risk cycle of 

micro-pollutant contaminating bioeconomic value chains. 

The mass balance of three indicative heavy metals and P were modelled in STAN to evaluate the compliance of the 

concentrations in the bio-based products with the regulatory limits, as they would appear in the results produced by 

the DECISIVE DST. All mass flows are expressed in kilograms (kg), while the exports from the system boundaries 

represent the relevant emissions to the air, water, soil and slag as shown in Figure  22 to Figure 25 below. 

 

 
Figure 22: Mass flow of Cd (kg) for the RS (left) and AS (right). 

 

                                                 

3 ‘Safe’ means that no accumulation of pollutants occurs due to the recycling process (Seyring et al., 2015) 
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Figure 23: Mass flow of Cr (kg) for the RS (left) and AS (right). 

 

 
Figure 24: Mass flow of Pb (kg) for the RS (left) and AS (right). 

 

 
Figure 25: Mass flow of P (kg) for the RS (left) and AS (right). 

The figures above visualize the mass flows of heavy metals. i.e., Cd, Cr and Pb, as well as, P for the RS and AS. The 

DECISIVE DSTV1  incorporates in the assessment the compliance of the final product and effluents, in terms of 

pollution, with the applicable regulatory limits. In this context, Table  3 presents the concentrations of heavy metals in 

the output flows of the two WWTPS and the governing regulations for Denmark, i.e., Sludge Directive (Danish 

Ministry of Environment, 2019) and European Union, i.e., the proposed cadmium limits for CE marked phosphate 

fertilisers in the new Fertilising Products Regulation (European Parliament, 2019). As shown in Table 3, the solid bio-

based fertilizer products all live up to the regulatory standards. However, the results of the flow analysis indicate a 

risk of exceeding the micro-pollutants regulatory limits in future liquid bio-fertilizers. 

 
Table 3. Concentrations of heavy metals in the output fertilizer products from the two WWTPs and the regulatory 
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limits applied in Denmark and the European Union. 

Plant Fertilizer product Unit Pb Cd Hg Ni 

Egaa WWTP-RS Liquid mg/kg P  
(mg/kg P2O5) 

2045 
(892) 

112 
(49) 

147 
(64) 

6413 
(2799) 

Egaa WWTP-RS Solid mg/kg P  
(mg/kg P2O5) 

394 
(172) 

15 
(7) 

16 
(6) 

384 
(168) 

Egaa WWTP-AS Liquid mg/kg P  
(mg/kg P2O5) 

1845 
(805) 

101 
(44) 

133 
(58) 

5785 
(2525) 

Egaa WWTP-AS Solid mg/kg P  
(mg/kg P2O5) 

805 
(351) 

14 
(6) 

11 
(5) 

375 
(164) 

Marselisborg WWTP-RS Liquid mg/kg P  
(mg/kg P2O5) 

2619 
(1143) 

143 
(62) 

189 
(82) 

8213 
(3585) 

Marselisborg WWTP-RS Solid mg/kg P  
(mg/kg P2O5) 

582 
(254) 

12 
(5) 

17 
(7) 

274 
(120) 

Marselisborg WWTP-AS Liquid mg/kg P  
(mg/kg P2O5) 

2742 
(1197) 

150 
(65) 

197 
(86) 

8600 
(3753) 

Marselisborg WWTP-AS Solid mg/kg P  
(mg/kg P2O5) 

1006 
(439) 

15 
(7) 

21 
(9) 

356 
(155) 

DK Sludge directive Liquid mg/kg P 10000 100 200 2500 

EU fertiliser regulation Solid mg/kg P2O5  60   

 
 
4.7 FINAL REMARKS ON THE PROOF-OF-CONCEPT FOR THE DECISIVE DSTV1 

The purpose of this deliverable was to provide the proof-of-concept for the DECISIVE DSTV1  by comparing the 

modelling methods and results with life cycle assessment study modelled in SimaPro on the same case study. This 

comparison was only possible for Climate change impact through CO2 footprint calculation. As can be seen from the 

results in Table 2, at this stage it was not possible to verify all the modelling operations of the DECISIVE DSTV1 as 

an autonomous modelling tool. Some of the difficulties faced are discussed in detail below.  

 

Feedstock quality data 

At the current stage of development, the DECISIVE DSTV1 is not able to accept case specific quality data for the 

feedstock. The macro- and micro-pollutant concentrations, along with the physico-chemical characteristics and the 

elemental composition, have an important role in the biowaste processing and the final bio-based products (Angouria-

Tsorochidou and Thomsen, 2020). According to Angouria-Tsorochidou and Thomsen (2020), the initial concentration 

of the feedstock, e.g., in micro-pollutants and elements, and according to the degree of bio-degradation of organic 

matter during the anaerobic digestion determines the quality of the digestate. Since the new EU fertilizer Regulation, 

the quality of the digestate defines the possibility for the latter to be labelled as organic fertilizer.  

 
Links between processes 

The current version of the DECISIVE DSTV1 is not able to model single processes. In order to be able to evaluate a 

waste management system, the user is required to complete all the individual steps included in the DECISIVE DST. 

Results are not produced if not all stages are modelled. Hence, the tool cannot assess single processes without 

modelling the whole  system. Conversely, decentralized waste management systems would result in reduction or 

avoidance of collection and transportation activities, which should be depicted at the system created in the DECISIVE 

DST. These facts can create certain challenges when modelling a specific stage of the management system.  
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Climate change impact 

To this point of the DECISIVE DSTV1 development, in spite of software system’s errors, it was possible to generate 

some preliminary results with the help of the partner (ENT) who led the software development ,. The DECISIVE 

DSTV1 is currently able to calculate the direct emissions associated with treatment processes Moreover, the tool is 

able to allocate climate change impact associated with the materials used for operational processes, such as plastic 

containers. However, it must be noticed that the current available information for a standard user but do not permit to 

justify the results generated for the background processes.  

 
Economic cost 

The economic cost of the system under assessment is associated with the cost of diesel, heat, electricity, labour and 

plastic containers. The DECISIVE DSTV1 is able to calculate the total costs of the system, expressed in € by 

incorporating background processes and prices. The background equations and calculation methods are included in 

the deliverable D5.1. 

 
Space and labour requirements  

Space and labour requirements are calculated based on the inputs entered by the user and the background 

information of the DECISIVE DST. The results are visible in the output excel file (Figure 19 and Appendix 3). The 

spider web interpretation of the results has still to be debugged and improved.  

 
4.8 FURTHER IMPROVEMENTS FOR THE DECISIVE DSTV1  

The default values in the composition of waste do not allow for the modelling of the micro-pollutant flow resulting from 

different food waste types and collection designs corresponding to real case study modelling. However, when 

location-specific data are available and extracted from relevant databases and resources, default values can serve 

inexperienced users and case studies with limited data availability to be performed. In the same context, emission-

specific data and factors for treatment processes can facilitate the modelling of processes. 

  

The climate change impact is highly influenced by the energy mix used in the system under assessment. Accordingly, 

the type of energy substituted by the production of heat and electricity in the system has a large influence on the 

calculations of the avoided climate change impact. Thus, region-specific energy mix is required for the assessment of 

the waste management system. This issue could be solved by inserting a module in the user interface asking for the 

energy-mix of the location studies, translating such data into energy-related emissions using energy-specific emission 

factors which is expected to be included in the DST. 

  

Documentation and transparency are required when assessing waste management systems and compliance with 

environmental regulations. The datasets used need to be critically assessed before entered in each step of the 

assessment. The availability of data and their embodied uncertainty, in the context of risks associated assessment, 

can potentially influence the produced results and conclusions.  

 

Furthermore, to support the user in calculating foreground process emission data, open-access databases on 

biowaste characteristics and life cycle inventories for the centralised state-of–the-art biowaste treatment technologies 

will be made available. 

 

By the end of the project, environmental performance data will be combined with data on cost and revenues 

associated to WMS and CBWMS. Two milestones of the project comprising a database accompanied by a guideline 

for how to calculate environmental and economic performance for individual will be published as supplementary 

material to open source research papers such as Angouria-Tsorochidou and Thomsen (2020).  

Data representative for European waste collection chain scenarios and downstream treatment technologies, will 

supplement data files already included in the web-based DST, but are not available for the user to access at the 
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moment (https://dst.decisive2020.eu/user/login). 

 

Finally, as the digestate quality is a function of the AD configuration and the feedstock quality, it is crucial for the DST 

to be able to deliver a simplified ex-ante prediction of the digestate quality (Angouria-Tsorochidou and Thomsen, 

2020).  Ex-ante evaluation of whether biowaste feedstock and AD configuration will result in high quality fertilizer 

products in compliance with European and national regulatory standards is suggested as simplified indicator of 

terrestrial and human toxicity. Such model feature would further mitigate the risk of investments by minimising the risk 

cycle of micropollutants entering the downstream valorisation system. Such a model component has already been 

developed and could be be included in the further versions of DECISIVE DST from data and models presented in 

Angouria-Tsorochidou and Thomsen (2020).  
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Appendix 1. DST output file 
 

 

 

DST output 

file_D3.1.xlsx
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