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Summary 
 
Within NextGen, different innovative approaches for circular economy (CE) in the 
(waste)water sector were investigated and demonstrated in pilot and full-scale systems. This 
report presents the cost assessment of 19 scenarios on six selected demo cases in Europe: 
Braunschweig (DE), Spernal (UK), Athens (GR), La Trappe (NL), Altenrhein (CH), Costa Brava 
(ES). The comparison of economic impacts between a newly implemented recovery system 
and its baseline shows the differences and emphasises benefits of the innovative circular 
solution.  
 
In the Life Cycle Costing (LCC), common cost types were calculated from the perspective of 
the operators, while in the Cost Effectiveness Analysis (CEA), the life cycle costs of a demo 
case scenario were put in relation to its environmental benefits. 
 
In all the case studies examined, CAPEX (Capital Expenditure) is the largest cost type. The 
sensitivity analysis has shown that the depreciation period of the infrastructure has a 
correspondingly large influence on TOTEX (Capital Expenditure + Operational Expenditure);  
doubling the depreciation period leads to mostly around 30%, up to 159% decrease of 
NextGen TOTEX.  
 
Except for the PK-fertilizer production of Altenrhein, the implementation of NextGen 
nutrient recovery systems alone is not profitable at this stage, as the revenues from 
fertilisers are lower than the annual infrastructure costs (CAPEX, insurance and 
maintenance), personnel costs and additional costs for chemicals. However, these nutrient 
recovery systems can bring benefits to the WWTP, especially by (1) reducing nutrient loads 
in the effluent and (2) reducing sludge disposal costs compared to a given baseline, which 
can help make the whole circular economy approach more economically viable. 
 
All assessed demo cases involve wastewater treatment. The specific cost of wastewater 
treatment increases with smaller plant size, but this can be compensated by cost savings on 
energy and infrastructure for transport. Also, organisational aspects might favour local 
solutions. The scenarios improve circularity and most also reduce climate emissions, but only 
few are effective also for climate mitigation, i.e. less costly than 100 EUR/CO2eq. A total of 
seven scenarios involves upgrading of the wastewater to enable reuse and some can supply 
water to a lower specific price than the sampled drinking water supplies.  
 
The assessed scenarios are examples for new water techniques valid in their geographical, 
regulatory and current market context. They can serve as an orientation to identify options, 
which can be further detailed in feasibility for other sites complemented with experimental 
data as necessary.  
 
The cost effectiveness of the assessed technologies will change as they are further 
developed and reach market maturity just as environmental policy and requirements will 
change. System services such as water reuse, climate mitigation or reduction of pollution are 
not profitable. Thus, a cost assessment indicates the most cost-effective solution in a given 
policy framework.    
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1. Introduction 
 
Thorough cost assessments should be indispensable for potential investment and future 
policymaking. In the field of circular economy (CE), the comparison of economic impacts 
between a newly implemented recovery system and its baseline shows the differences and 
emphasises benefits of the innovative recovery solution. The present report presents the 
results of Life Cycle Costing (LCC) and Cost Effectiveness Analysis (CEA) of six demo cases of 
CE application in the water sector within the framework of the EU Horizon 2020 NextGen 
project. 
 
This study analysis the costs of innovative recovery solutions for sewage-embedded 
resources jointly developed (and implemented) by authorities, learning institutions and 
industrial plant owners within the NextGen consortium. It involves solutions for the 
following dimensions: 
 

¶ Water (Spernal, Athens, La Trappe, Costa Brava) 

Itself with reuse at multiple scales supported by reused membranes (Costa Brava), advanced 
treatment technologies (Spernal), engineered ecosystems (La Trappe) and 
compact/mobile/scalable systems (Athens). 
 

¶ Energy (Braunschweig, Spernal, Athens, Altenrhein) 

Treatment plants as energy factories, water-enabled heat transferfor internal energy reuse 

(Braunschweig, Spernal, Athens) and/or producing energy surplus (Athens). 

 

¶ Materials (Braunschweig, Spernal, Athens, Altenrhein, Costa Brava) 

Such as nutrient mining and reuse (Braunschweig, Spernal, Athens, Altenrhein), repurposing 
membranes to reduce water reuse costs (Costa Brava) and producing activated carbon from 
sludge to minimise costs of micro-pollutant removal (Altenrhein). 
 
An upscaling to a potential full scale is done for demo cases, where trials were being 
performed at pilot scale in the project (Spernal, Athens, La Trappe, Altenrhein, Costa Brava). 
 
Two basic questions we seek to answer are: 
 

1. How much more or less money is spent by the operator per year compared to the 
baseline? (LCC) 

2. How much more or less money is spent per unit of environmental benefit or impact? 
(CEA) 
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2. Methodology 

2.1 Life Cycle Costing (LCC) 
Common cost types were calculated from the perspective of the operators based on 2021 
net costs (VAT excluded) for the operation of one year: 

¶ Capital expenditure (CAPEX) for infrastructure 

¶ Energy 

¶ Materials 

¶ Personnel 

¶ Disposal of waste 

¶ Insurance and maintenance of infrastructure  

¶ Revenues/savings (e.g. by selling materials, reducing emissions or material demand) 

Figure 1 shows a flow chart with the cost types considered for the comparison between a 
given NextGen scenario and its baseline in the form of input and output flows. Cost benefits 
and drawbacks can be determined when comparing the baseline with the NextGen scenario. 
In the Spernal demo case a full LCC considering all above-mentioned cost types was 
performed for both baseline and NextGen scenarios (Figure 1a). In some demo cases actual 
cumulative costs for water, market fertiliser and pruning waste disposal (Athens), 
wastewater (La Trappe) or drinking water (Costa Brava) ŦǊƻƳ ǘƘŜ ƻǇŜǊŀǘƻǊǎΩ ǇŜǊǎǇŜŎǘive 
were considered as baseline costs (Figure 1b). In other demo cases, where the NextGen 
solutions represent additional recovery stages in an existing wastewater treatment plant 
(Braunschweig, Altenrhein), the NextGen scenarios were considered as άadd-onέ to their 
respective baseline WWTP considering the differences in material and energy balance 
(Figure 1c). 
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Figure 1 Overview on cost types considered in the baseline and NextGen scenarios 
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CAPEX 
Data on investments in infrastructure (technology equipment, piping, tanks and buildings, 
groundwork, excavation) with lump sums for planning costs and risks were collected from 
operators or from estimations by technology providers in consultation with the plant 
owners. In all cases full-scale costs were compared to allow comparison between the 
baseline and NextGen scenarios. 
We consider the operation for one year, annualising the NextGen investment cost with an 
amortisation period of 10 years for technology and 30 years for buildings. Considering an 
estimated interest rate for capital expenditure of 3%, the annuity factor was calculated to be 
12% and 5% for process equipment and building/construction, respectively. The NextGen 
technologies are new. Therefore, it can be expected that the processes are not yet 
optimised, leading to higher wear of equipment. Also, the probability that the equipment 
will have to be (partly) replaced or modified once the operators gain more experience is 
high. Thus, a rather short depreciation period of 10 years is justified, in contrast to typical 
baseline WWTP (20 years).  
 
In some cases, without standard WWTP as baseline, the corresponding cost was 
comparatively simple to evaluate (Athens, La Trappe). But often the standard WWTP 
(baseline) involves long-time operation with continuous and mostly depreciated 
investments. CAPEX on total investment is difficult to determine and not meaningful, the 
standard cost from branch averages is more practicable. Instead of systematically comparing 
baseline cost and NextGen scenario cost for the whole system, either a comparison of 
additional costs (Braunschweig, Altenrhein, Costa Brava) or (additional) OPEX (Spernal) was 
used. Where useful and possible, baseline for certain parts (e.g. tertiary treatment) was 
compared to the scenarios (Altenrhein, Costa Brava). 
 
The calculation of cost types could be applied, but due to availability and quality of data it 
was adapted. Water supply and wastewater treatment has a very long lifetime and 
investment history and cannot be calculated using amortisation of a global cost. Therefore, 
either the additional cost (Braunschweig, Altenrhein, Costa Brava) or absolute cost 
compared to a simplified baseline (Athens monetised water supply, La Trappe monetised 
wastewater treatment cost, Spernal estimated OPEX) was used. 
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Energy and materials costs 
Specific costs for material and energy were provided by stakeholders or drawn from 
statistics and literature. We used prices of 2021 or earlier, representing a stable market 
before the Ukraine crisis. Considering that the scope of the technology also depends to some 
extent on the specific prices in the respective country, prices for energy and raw materials 
were not standardised between case studies. As the NextGen systems are spread across 
Europe, there are differences in electricity prices. Raw materials (e.g. chemicals, polymers) 
were purchased from different providers. Such price variations and their influence on the 
result were considered in the cross-comparison of the systems. When necessary price 
quotes were adapted to the price level of other countries using the Big Mac index 
(Economist, 2022). 
 
Personnel costs 
The cost for operating personnel required to run the plant was estimated by the technology 
providers or plant owners responsible for the demo case based on local typical wages for 
technicians. 
 
Insurance and maintenance costs 
Annual insurance against breakdown, damage, fire, etc. was estimated to be 0.5% of the 
sum of investment costs (process equipment + building/construction), while annual 
maintenance was estimated to be 2% of the process equipment costs. 
 
Disposal costs 
A standardised price for the transport of dewatered sludge (to farm or incineration plant) 
was assumed, considering an average transport distance of 50 km. 
Prices for sludge valorised in agriculture, co-incineration and mono-incineration were 
approximated based on experience of technology providers and published offers.. 
 
Fertiliser revenues 
In all case studies, solid and liquid fertilisers with concentrated nutrient concentrations were 
counted as revenues compared to the corresponding baseline. In the demo cases of water 
reuse, we assume that the value of nutrients with the reclaimed water for irrigation of 
arable fields is negligible due to the untargeted application and uncertain crop availability.  
 
Cost benefits and drawbacks 
All systems mass and energy balances were modelled by KWB in Umberto for the 
environmental assessment and kindly provided also as a basis for the cost assessment. A 
NextGen scenario was compared to its baseline. The performance of a scenario is not just 
the sum of the performance of the individual technologies. The technologies of one scenario 
interact with each other and influence each other's economic performance. Implementing 
new solutions has an impact on mass and energy flows and corresponding costs of existing 
wastewater and sludge treatment systems upstream or downstream (e.g. lowered polymer 
consumption (and costs) for sludge dewatering). 
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2.2 Cost Effectiveness Analysis (CEA) 
The Cost Effectiveness Analysis (CEA) puts the difference of life cycle costs in relation to the 
difference of environmental performance (GWP impact or product recovery) between a 
given NextGen scenario and its baseline. Data on GWP impact (LCA) were generated and 
kindly provided by our colleagues from KWB.  
As NextGen provide recovery solutions for water, energy and material from wastewater, 
typical cost effectiveness units are: 

1. Euro/PE*a (PE= population equivalent) 
2. Euro/m3 of recovered water  
3. Euro/kWh of recovered energy 
4. Euro/kg of recovered phosphorous/nitrogen  
5. Euro/kg CO2eq savings1 

 
Definition of the ceiling cost effectiveness 
Figure 2 shows an example of a CEA result diagram relating the cost-effectiveness of random 
systems to their CO2eq emissions, with the CO2eq balance on the x-axis and the cost balance 
on the y-axis. Since both the costs and environmental impact can potentially have both 
positive and negative signs, there are a total of four possible result ranges. Systems in the 
range bottom left always can be considered cost effective since both CO2eq and money can 
be saved compared to their respective baseline. Systems in the range top right always can be 
considered not cost-effective since more money is spent and more CO2eq is emitted 
compared to their respective baseline. The remaining two result areas are trade-off areas. 
Systems in the top left range can save CO2eq, but require more money, while systems in the 
bottom right range can save money but emit more CO2eq compared to their respective 
baseline. There are different kind of trade-offs for systems 2 and 4. The decision as to which 
of these two technologies performs better depends on the point at which the environmental 
savings can compensate for the expenditure, or the point at which the monetary savings can 
compensate for the additional environmental emissions ς as the money saved could 
potentially be reinvested in other mitigation measures. Therefore, a ceiling cost 
effectiveness must be defined to rank options. This line can be defined by sectorial KPIs or 
market prices (e.g. for CO2 credits). The technologies with lower cost/environmental impact 
ratio (on the left of this line) are improvement options for environmental efficiency. The 
further away perpendicular to the line downwards and leftwards, the better they perform.  
 

 
1 In the Athens demo case the difference in GWP impact is not directly transferable to the difference in life 
cycle costs since the LCA performed by KWB considered a full baseline WWTP, while this LCC only considered 
ǘƘŜ ŎǳƳǳƭŀǘƛǾŜ Ŏƻǎǘ ƻŦ ǇƻǘŀōƭŜ ǿŀǘŜǊ ŦǊƻƳ ǘƘŜ ƻǇŜǊŀǘƻǊΩǎ ǇŜǊǎǇŜŎǘƛǾŜΦ 
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Figure 2 Exemplary CEA result plot showing the relationship between cost balance and CO2eq balance 
for random systems with the CO2eq balance on the x-axis and the cost balance on the y-axis 

 

2.3 Step-by-step approach 
Since both KWB for LCA and FHNW for LCC used the same basic data for energy and mass 
balance, we were in joint exchange with the relevant partners, technology providers and 
plant operators, who were able to provide us with the data based on tests or best estimates. 
 
These were our work steps for the cost analyses: 
 

1. Define scenarios with partners 
2. Collect data from partners & statistics (specific costs if not provided by partners) 
3. Crosscheck collected data in terms of plausibility  
4. Transfer primary data into scenarios 
5. Make LCC and CEA calculations 
6. Validate results with partners 
7. Write report 
8. Validate report with partners 
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3. Results & Discussion 

3.1 Demo cases 

3.1.1 Braunschweig (DE): nutrient and energy recovery in 
municipal wastewater treatment 
The cost analysis for the Braunschweig demo case was carried out on the basis of (1) the 
annual NextGen infrastructure related costs and personnel costs, and (2) the annual changes 
between the baseline (former WWTP BraunschweigςSteinhof prior to NextGen 
implementation) with activated sludge treatment and anaerobic sludge treatment and 
NextGen scenarios in the mass balance, whereby all changes were assigned to the NextGen 
scenarios.  
 
The Hydrolysis & N, P recovery scenario adds excess sludge digestion, pre-dewatering and 
thermal-pressure-hydrolysis of pre-dewatered digested excess sludge followed by digestion 
of hydrolysed excess sludge and primary sludge. Both sludge waters (e.g. filtrate from pre-
dewatering and centrate from final dewatering) are mixed and fed into nutrient recovery 
containing struvite precipitation/harvesting and ammonia stripping/scrubbing. The steam 
needed for the thermal-pressure-hydrolysis is generated by a steam generator using biogas 
(about 10 % of the entire biogas from the digesters) as energy source. 
 
The Hydrolysis & N, P recovery scenario is supplemented with two deviations:  

¶ In the + High temperature CHP scenario, the steam for the thermal-pressure-
hydrolysis is generated via water boiling using the high temperature heat from the 
combined heat and power (CHP), meaning that the entire biogas from the digesters is 
valorised in the CHP, resulting in higher electricity recovery compared to the 
Hydrolysis & N, P recovery scenario.  

¶ In the + Max Struvite recovery scenario, a provisional struvite precipitation before 
final dewatering is removed, to transfer more ortho-phosphate into the centrate and 
maximise the struvite production. However, this results in a higher dry mass of the 
dewatered sludge. 

In addition, two variants are considered in each case, which differ in the dewatering and 
utilisation of the sewage sludge: 

¶ In the mid-term (2020), summer sludge is valorised via irrigation and winter sludge is 
valorised in co-incineration and agriculture, representing sludge management before 
implementation of the NextGen scheme. 

¶ In the long-term (2030), there will be year-round sludge dewatering resulting in 
sludge fit for mono-incineration.  
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Table 1 provides an overview on the different NextGen scenarios considered in the 
Braunschweig demo case. 
 

Table 1 Overview on scenarios of the Braunschweig demo case considered in the cost assessment 

Scenario 

Mid-term (2020) 
Summer sludge valorised via 
irrigation & winter sludge valorised 
in co-incineration/agriculture 

Long-term (2030) 
Year-round dewatering & all 
sludge valorised in mono-
incineration 

NextGen  
Hydrolysis & N, P recovery 

Thermal-pressure-hydrolysis and nutrient recovery from filtrate 
and centrate 

NextGen  
+ High temperature CHP 

Hydrolysis & N, P recovery, with high temperature valorisation 
from combined heat and power, without biogas into steam 
generator 

NextGen  
+ Max Struvite recovery 

Hydrolysis & N, P recovery, without Mg-dosing into sludge, with 
maximum struvite recovery 

 
System function & functional unit 
The function of the system under investigation is to provide wastewater treatment in 
accordance with legal requirements, including all processes associated with this function. 
The functional unit of this LCC is one year of operation όάǇŜǊ ŀέ), defined by the annual 
organic load of the WWTP BraunschweigςSteinhof, which is 350,000 population equivalents 
(PE). 
 
System boundary 
The system boundary of this LCC includes the wastewater and sludge treatment and 
management system in the WWTP. Production of struvite and ammonium sulphate solution 
is accounted for as potential fertiliser revenue. Biogas is utilised in a combined heat and 
power plant, and the electricity is accounted for (Figure 3). 
 

 
Figure 3 System boundary of the Braunschweig demo case (from KWB) 

Part of LCA 
 but not of the cost assessment 

Part of LCA but not of the cost assessment 

Part of LCA but not of the cost assessment 












































































































































