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Executive summary  
NextGen aims to boost sustainability and bring new market dynamics throughout the water 
cycle at the 10 demo cases and beyond. Main objective of WP1 of the project is to provide 
evidence to demonstrate the feasibility of innovative technological solutions supporting a 
circular economy transition in the water sector. Through activities to close the water, energy 
and materials cycles in 10 demo cases, Work package 1 (WP1) will provide the necessary data 
to assess the benefits and drawbacks of the technologies (WP2), but also to provide evidence 
to convince stakeholders on their implementation (WP3), while overcoming the social and 
governance barriers and creating new business models to promote the implementation of 
those solutions (WP5 & WP6). 

This report describes the baseline conditions of each of the demo cases involved in NextGen 
before the start of the project and all pre-existing infrastructures and systems ς prior to 
NextGen interventions across water, energy and material cycles. The baseline of the 10 sites 
(Altenrhein, Athens, Braunschweig, Bucharest, Costa Brava, Filton Airfield, Gotland, La Trappe, 
Spernal and Westland region) will be used to demonstrate the benefits and improvements 
achieved within the NextGen project, through the implementation of new CE solutions by the 
project, at each demo case. 

This report corresponds to the first deliverable of the WP1, and complements the information 
collected for milestone MS3 on Methodology and specific objectives defined for each case 
study.All the information of this report has been collected by the Cross-cutting Technology 
Group (CTG) Leaders since July 2018 through regular discussions with the different demo case 
representatives and through different templates that have been prepared and compiled. 
Baseline of each demo case has been defined for all demo cases of NextGen project using key 
performance indicators (KPIs) linked to water, energy and materials. Potential interlinkages 
between demo cases are also described in this document, aiming at increasing the uptake and 
impact of the NextGen solutions.  
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Acronyms 
 
AD  Anerobic Digestion 
AnMBR Anaerobic Membrane Reactor 
ATES  Aquifer Thermal Energy Storage 
BET  Brunauer-Emmett-Teller 
BOD  Biological oxygen demand 
CE  Circular Economy 
CFU  Colony Forming Units 
CHP  Combined Heat and Power 
COD  Chemical oxygen demand 
CTG  Cross-Cutting Technology Group 
EBCT  Empty bed contact time 
EDC  Endocrine Disrupting Compounds 
FOG  Fat, oil and grease 
HT  High Temperature 
KPI  Key Performance Indicator 
MBBR  Moving Bed Bio Reactor 
MNR  Metabolic Network Reactor 
N  Nitrogen 
NF  Nanofiltration 
P  Phosphorous 
PBR  Photobioreactor  
PE  Population Equivalent 
RO  Reverse Osmosis 
SCP  Single Cell Proteins 
SD  Standard Deviation 
TOC  Total Organic Carbon 
TPH  Thermal Pressure Hydrolysis 
TrOCs  Trace Organic Compounds 
TS  Total Solids 
TDS  Total Dissolved Solids 
TSS  Total Suspended Solids 
UF  Ultrafiltration 
UV  Ultraviolet 
VS  Volatile solids 
WFD  Water Framework Directive 
WP   Work Package 
WWTP  Wastewater Treatment Plant 
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Objectives and methodology 
 

Work Package (WP) 1 of the NextGen project provides evidence to demonstrate the feasibility 
of innovative technological solutions supporting a circular economy (CE) transition in the 
water sector. Through activities to close the water, energy and materials cycles in 10 demo 
cases, WP1 will provide the necessary data to assess the benefits and drawbacks of the 
technologies (WP2). The specific objectives of WP1 are to promote the feasibility and to prove 
the applied concepts by: 

¶ Providing long-term credible data on performance of CE technologies and schemes for 
the water sector 

¶ Deriving guidelines for optimized operation of CE systems 

¶ Highlighting the potential for water reuse, nutrient & energy recovery depending on 
the local conditions. 

The objective of this report (D1.1) is to define the baseline conditions of the 10 demo sites of 
the NextGen project before the start of the project and to describe all pre-existing 
infrastructures and systems ς prior to NextGen interventions across water, energy and 
material cycles.  

The information collected and summarized in this deliverable will be later used to 
demonstrate the benefits and improvements achieved within the NextGen project, through 
the implementation of new CE solutions by the project, at each demo case.  

The Cross-cutting Technology Group (CTG) Leaders have been in contact with the different 
site representatives since July 2018 with whom regular discussions have been carried out in 
order to describe the demo cases and define the actions to be conducted within the NextGen 
project. Baseline conditions have been obtained through regular interviews and systematic 
data collection through templates, which have been adapted for each site considering its 
particularities.  

Key performance indicators (KPIs) have been defined for all sites, covering general aspects 
of the water, energy and material cycles such as the ones detailed in Table 1. Based on these 
general aspects, specific KPIs and parameters at each site have been compiled in 
spreadsheets, gathering technical data from at least a complete year of monitoring and 
highlighting the seasonal variations (if any) or deviations observed. The spreadsheets 
collected have been complemented with factsheets describing the sites and the technical 
solutions that were already in place before the start of the project. This information has been 
compiled, assessed and summarized in this deliverable.  

The same KPIs will be later used to compare the performance of the demo cases, after the 
NextGen solutions have been deployed, and quantify relevant improvements.  
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Table 1. KPIs and general parameters considered for baseline definition in the NextGen sites 

Nexus: Water 

System KPI proposed Parameter to be determined 

Waste water treatment and reuse 

Water yield 
Inlet and outlet flowrate of the 

system  

Water quality 

Physicochemical and 
microbiological parameters from 
inlet and outlet. Emerging organic 

pollutant 

Energy consumption 
Energy used for the treatment per 

m3 produced 

Reagents & materials required 

Amounts of reagents used for 
treatment or materials (activated 

carbon, resins, etc) per m3 
produced 

Wastes produced Sludge generated 

Rain water harvesting Collection capacity Average rainfall of the area  

 Water quality 
Physicochemical and 

microbiological parameters 
Aquifer storage Water yield Water collected vs infiltrated 

 Water quality 
Physicochemical and 

microbiological parameters 

Nexus: Energy 

System KPIs proposed Parameter to be determined 

Heat exchangers Thermal energy recovery 

- Inlet and outlet flowrates 

of the system 

- Pump power  

- Calculation of coefficient 

of performance 

- Energy savings 

Anaerobic digestion Methane and biogas yields 

- Inlet and outlet flowrates 

of the system 

- Volatile solids and 

methane content 

- Gas production rate 

- Quantity of re-used 

heat/electricity 

- Energy savings 

High Temperature Aquifer 
Thermal Energy storage (ATES) 

Heat storage and recovery 

- Energy and exergy 

analyses 

-  Physical and thermal 

parameters of fluid and 

aquifer 
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Nexus: Material 

Materials KPIs proposed Parameter to be determined 

(NH4)2SO4 

N recovery rate related to the 
influent to the WWTP 

& 
N recovery rate related to the 
influent to the recovery unit 

& 
Plant availability 

 
Inlet and outlet flowrates of the 

system and the integrated 
recovery unit 

& 
Nitrogen content, total and 

volatile solids content. 

& 

Plant availability is estimated by 
the minimal efficacy in the year of 
application in % of total nitrogen 

 
Ca5(PO4)3OH 

 
P recovery rate related to the 

influent to the WWTP 
& 
 

P recovery rate related to the 
influent to the recovery unit 

& 
 

Plant availability 

 
Inlet and outlet flowrates of the 

system and the integrated 
recovery unit 

& 
Phosphorus content, total and 

volatile solids content. 

& 

Plant availability is estimated by 
P_NAC /P_TOTAL1 [%] 

 

 
Struvite 

 

 
PK-Fertilizer 

 

Proteins 

Carbon and N recovery rate 
related to the influent to the MNR  

 
Carbon- and N-recovery rate 
related to the influent to the 

recovery unit 

Inlet and outlet flowrates of the 
system and the integrated 

recovery unit 
& 

Nitrogen content, total and 
volatile solids content 

 
Compost 

 

 
Carbon and nutrient (N, P) 
recovery rate related to the 

effluent (wastewater sludge) of 
the sewer mining unit 

& 
Carbon and nutrient (N, P) 

recovery rate related to the wood 
and green waste originating from 

pruning [%] 
 

Inlet and outlet flowrates of the 
system and the integrated 

recovery unit 
& 

Nitrogen and phosphorus 
content, total and volatile solids 

content 

 
Digestate for direct field 

application 
 

Carbon and nutrient (N, P) 
recovery rate related to the 
influent to the recovery unit 

 
Inlet and outlet flowrates of the 

system and the integrated 
recovery unit 

& 
Nitrogen and phosphorus 

content, total and volatile solids 
content 

                                                      

1 P_NAC (phosphorus content of the fertilizer which is soluble by neutral ammonium citrate); P_TOTAL (total 
phosphorus content of the fertilizer) 
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Materials KPIs proposed Parameter to be determined 

 

 
Recycled 

membrane 
 

Flux [l m-2 h-1] related to 
transmembrane pressure [bar] 

& 
 Salt rejection compared to a 
commercial membrane of the 

same type 
 

Flux, transmembrane pressure, 
electrical conductivity 

 
Granulated activated carbon 

 

Adsorption capacity compared to 
that of commercially available 

activated carbon via active 
surface (BET) 

& 
Lifetime until renewal compared 

to commercially available 
activated carbon (EBCT) 

 

BET (Brunauer-Emmett-Teller), 
EBCT (empty bed contact time) 
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Baseline Conditions 
#1. Braunschweig (Germany) 

#1.1. General description of the site 

Steinhof, near Braunschweig, has a long tradition of water and nutrient reuse. Already at the 
end of the 19th century, fields were irrigated with sewage. From 1954 on, the wastewater was 
mechanically clarified and reused for irrigation. Finally, in 1979, the wastewater treatment 
plant (WWTP) was built. The current WWTP comprises a conventional activated sludge 
treatment system and a digestion stage. In summer, the digestate is directly reused on the 
fields, while in winter, the digestate is dewatered and either stored for the reuse in summer 
or incinerated. 

 
Figure 1. Picture of the three digesters at the WWTP in Steinhof near Braunschweig. 

#1.2. State of play at the start of NextGen  
Scale 

The wastewater treatment plant treats the wastewater of 350.000 PE. 

Description of the pre-existing system  

The WWTP treats on average 20.7 million m³ wastewater per year. This corresponds to 
350,000 population equivalents (PE), even though the WWTP was designed originally for 
275,000 PE. The COD-, N-, and P-loads of the WWTP are on average 16,000 t COD/year, 1,500 
t N/year and 230 t P/year, respectively. In the conventional activated sludge treatment, the 
nitrogen is removed via nitrification and denitrification and the phosphorus by enhanced 
biological phosphorus removal.  
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Currently, the primary and excess sludge as well as fat, oil and grease (FOG) resulting from the 
fat separator are digested in three one-stage digesters. The digesters are operated parallel at 
a temperature of 37 °C and with an organic loading rate of around 2.45 kg VS/(m³*d). Their 
volumes are 2,100 m³, 4,450 m³ and 4,450 m³. On average, they produce 470 Nm³ biogas/h 
with a methane content of around 61%. Thus, the corresponding methane yield is 
0.26 Nm³ CH4/(kg VS).  

Until 2016, in summer, the digestate was directly reused in agriculture, while in winter, the 
digestate was dewatered and stored. However, due to the new legislation in Germany, since 
2017 only 70% of the digestate can be applied on the fields. The reasons are restricted periods 
for fertilization with digested sewage sludge and the limitation of the nitrogen load of the 
fields. Thus, the other 30% of the digestate are dewatered and incinerated. 

Block diagram of the pre-existing treatment scheme 

 
Figure 2. Scheme of the baseline scenario without NextGen technologies in Braunschweig 

Due to the very high nutrient loads of the WWTP, the operator decided, instead of extending 
the nitrification and denitrification stages as well as the P-removal unit, to build a nutrient 
recovery unit for nitrogen and phosphorus in order to achieve the required effluent quality. 

Furthermore, the long tradition in Braunschweig to reuse the digested sludge in agriculture 
will change. The new technologies should produce secondary fertilizers and enable to further 
close the nutrient cycle. 
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#1.3. Baseline conditions  
Table 2a and 2b summarize the baseline conditions that existed in the case study before the 
start of NextGen. These data were collected in D1.1 to be made available to other 
workpackages (e.g. in the analysis performed within WP2) and be compared with the results 
obtained after NextGen solution to quantify improvements.   

Table 2a. Summary of baseline conditions for the Braunschweig site for energy. 

 














































































































