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ABSTRACT: The organic solid waste and sewage sludge management has important consequences on 

the overall environmental and economic performance of urban waste management systems. The 

RESURBIS is a Horizon 2020 project that proposes a biorefinery concept for the combined treatment of 

all the bio-waste produced in an urban area, mainly focusing on the production of polyhydroxyalkanoate 

(PHA). The objective of this study is to compare the global warming potential of the actual management of 

bio-waste in the Great Copenhagen area (where organic solid waste is incinerated and sewage sludge is 

treated in an anaerobic digester and then incinerated) and the RESURBIS bio-refinery, using a 

consequential Life Cycle Assessment approach. The preliminary results show that the actual treatment of 

1,000 kg of the considered bio-waste causes 18 kg CO2-eq, while the RESURBIS bio-refinery reduces this 

environmental burden to 8 kg CO2-eq. These preliminary results need to be confirmed by a more detailed 

environmental modelling.  
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1. INTRODUCTION 

Organic waste management is characterized by high economic costs and severe impacts on the 

surrounding environment (Eunomia, 2002). Several studies have been comparing the environmental 

performance of different traditional technologies as incineration, landfill and anaerobic digestion (Bernstad 

& la Cour Jansen, 2011; Grosso, Nava, Testori, Rigamonti, & Vigano, 2012). However, there is a growing 

interest in producing high-value products in second-generation bio-refineries, especially due to their 

potential higher economic return. One of the bio-products that is gaining attention is the 

polyhydroxyalkanoate (PHA) due to its good mechanical properties, to being both bio-degradable and bio-

based and to its high economic market value (Anterrieu et al., 2014; Bengtsson et al., 2017; Morgan-

Sagastume, Heimersson, Laera, Werker, & Svanström, 2016). 

The Horizon2020 project RESURBIS (Res Urbis, 2019) was funded to explore the potentiality of mixing 

solid organic waste and sewage sludge in a bio-refinery that could transform the biomass in PHA and 

biogas. In this way, the project aims at reducing both the environmental impacts of organic waste 

management and the dependency to fossil fuels. 

The objective of this study was to compare, through the Life Cycle Assessment methodology, the 
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environmental impacts of i) the current management option of organic solid waste and sewage sludge and 

ii) the implementation of the RES URBIS bio-refinery. The presented results should be considered as 

preliminary as a more detailed work is being carried out.  

2. METHODOLOGY 

This study was conducted according to the ISO standards requirements (ISO, 2006a, 2006b). The 

functional unit was 1,000 kg of bio-waste (15% organic solid waste and 85% sewage sludge from 

wastewater treatment plants). The geographical scope was the urban area of Copenhagen and the 

temporal scope was 2016. We modelled the system following the consequential LCA approach because 

we wanted to understand the consequences of a different waste management on the overall system: every 

product produced by our system (e.g. electricity or PHA) avoids the production of the corresponding 

marginal demand (Weidema, 2003). The impact category analysed was the global warming potential 

(IPCC, 2013). Finally, the model was parametrised in EASETECH (Clavreul, Baumeister, Christensen, & 

Damgaard, 2014) and each parameter was given an uncertainty distribution. The result of the Monte Carlo 

propagation and the Global Sensitivity analysis (Bisinella, Conradsen, Christensen, & Astrup, 2016) 

allowed us to quantify the robustness of the results and to individuate the parameters that contribute the 

most to the overall uncertainty.  

The two management alternatives compared were: 

1) Current management in 2016 (Figure 1,a): anaerobic digestion of the sewage sludge and 

incineration of the non-source-segregated food waste and of the dehydrated digested sludge. 

2) Implementation of the RESURBIS bio-refinery (Figure 2,b): food waste is source segregated 

from the citizens (with a potential collection rate of 100%) and mixed with 50% of the sewage 

sludge (wet weight). The mixed bio-waste enters an acid fermentation and a centrifuge, the 

liquid fraction is where the volatile solids are concentrated and is sent to PHA production, 

accumulation and extraction, while the solid part is treated in an AD plant. The treatment of the 

sludge that does not enter the bio-refinery remains the same as in scenario 1). 
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Figure 1: System boundaries for scenario 1 (a) and scenario 2 (b). White boxes indicate the process steps, dark grey ovals 
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the input material, white grey boxes the output products and dotted lines the avoided processes.   

3. RESULTS AND DISCUSSION 

Figure 2 shows the preliminary results of the 

global warming potential for the two scenarios. 

In both cases the net result is positive, 

indicating that the management of the 

functional unit is an environmental burden due 

to the direct emissions of the incineration plant 

and to the methane leaking from the AD plant 

that are not offset by the substitution of 

marginal energy. Treating the bio-waste with 

the current scenario results in 18 kg CO2-eq, 

while treating it in a RESURBIS bio-refinery 

results in 8 kg CO2-eq. The uncertainty 

propagation allows us to quantify the standard 

deviation of the results (error bar in Figure 2) 

that is equal to 18% and 73% in scenario 1) and 

2), respectively. The uncertainty is mainly caused by the uncertainty of methane emissions from the 

anaerobic digester (as leaking) and from the biogas combustion engine, and from the efficiency of the bio-

refinery to convert bio-waste in PHA.  

4. CONCLUSIONS 

In this study, we investigated the environmental benefits of introducing in the Great Copenhagen the 

source segregation of the solid organic waste and its combined treatment with the sewage sludge as 

proposed in the H2020 project RESURBIS. The preliminary results show that the global warming potential 

could be reduced by 55% when diverting the solid organic waste especially thanks to the production of 

PHA. Additional management alternatives and environmental impact categories will be modeled in order 

to have more robust conclusions on the RESURBIS environmental efficiency.  
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Figure 2: kg CO2-eq obtained when treating 1,000 kg of bio-
waste in the current alternative (baseline) and including the 
RES URBIS bio-refinery. 
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