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ABSTRACT
Global population growth added to the tendency of people moving from rural to urban areas allows to
forecast that the alarming amount of waste and wastewater generated annually will continue rising. These
facts, summed up to the future oil shortage, raw material scarcity and environmental and health
detriment, highlight the need to turn waste into a new source of resources. The KREIS project develops
and researches new concepts and procedures for the supply of energy and the disposal of wastewater in
urban areas. Using the Hamburg Water Cycle® as the basis for the technical concept, KREIS accompanies
the realization of the Jenfelder Au urban development project. The objective of this report is to elaborate
and test a decision support model for the assessment of bio-resource management processes available in
a region, using the Jenfelder Au residential as case study, with a centralized and de-centralized scenario.
For that, the 3 step tool includes as a first step data generation, compilation and preparation; a second
step for the analysis of the data and a last step for the documentation of the process undertaken. Within
it, the efficiency analysis is key. It is based on a material flow and transportation analysis. The Jenfelder
Au de-centralized case scenario shows a higher material efficiency, compared to the Hamburg centralized
scenario. Regarding transport, the de-centralized case has higher financial needs but generates less CO2
emissions. Based on the results of the tool, it can be concluded that Jenfelder Au’s de-centralized bioresource management system is more efficient than Hamburg’s centralized bio-resource management
system, for the treatment of black water, kitchen waste and lawn clippings generated by 2,400
inhabitants; when comparing the following parameters: substantial recovery, transportation costs and
CO2 emissions due to transport of bio-resources. The tool needs to include other aspects in the
comparison, like energy flow, other costs, etc. in order to offer a more holistic and realistic assessment.

Key words: bio-resources, centralized bio-resource management, de-centralized bio-resource
management, material flow, KREIS, Hamburg Water Cycle, Jenfelder Au.
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1. INTRODUCTION
BACKGROUND
Funded by the Federal Ministry of Education and Research (BMBF), KREIS (acronym in German) is a joint
research project that stands for "coupling of renewable energy with innovative urban drainage". With
KREIS, new concepts and procedures for the supply of energy and the disposal of wastewater in urban
areas are further developed and researched. Using the Hamburg Water Cycle® as the basis for the
technical concept, KREIS accompanies the realization of the Jenfelder Au urban development project, in
cooperation with the Free and Hanseatic City of Hamburg. This new district will have approximately 1,000
new residential units. Jenfelder Au will be a demonstration and pilot project for an innovative, holistic
drainage and energy recovery concept (KREIS Forschungsverbundprojekt, 2013).
The new buildings will be connected to a system for separate collection and treatment of black, grey and
rain water. Biogas shall deliver heat and electricity for the district via gas turbines. For the production of
this biogas and the treatment of the black water, a digestion plant is planned to be built. A high energy
efficiency is to be achieved through the use of regionally available bio-resources (kitchen waste, biowaste, fats, etc.) as co-substrates (KREIS Forschungsverbundprojekt, 2013). These bio-resources have a
relatively high energy content in contrast to the black water and derive from daily life activities of the
inhabitants.

STATEMENT OF THE PROBLEM
The global municipal solid waste (MSW) generation levels in 2012 were estimated to be approximately
1.3 billion Mgs per year, with a per capita waste generation ranging from 1.2 to 1.42 kg per day. These
levels are expected to increase to approximately 2.2 billion Mgs per year by 2025 (Hoornweg & BhadaTata, 2012). Waste is not the only major concern worldwide, wastewater collection and treatment is also
in the list. The UNESCO estimates that about 1,500 km3 of wastewater is produced per day worldwide,
and over 80% of it is not collected nor treated (UNESCO, 2012). Because one litre of non-treated
wastewater has the potential to pollute eight litres of freshwater; the impact yields a pollution of up to
12,000 km3 of water worldwide (UNESCO, 2003). These global averages are broad estimates, rates vary
considerable by country and in many cases reliable data is not available; nevertheless, all forecasts
estimate that the numbers will raise in the coming years.
Over the next 40 years global population is projected to grow with two to three billion people more.
People who will consume resources and produce waste, both solid and liquid. Additionally, the tendency
of people moving from rural areas to urban areas has an impact. Urban residents produce about twice as
much waste as their rural counterparts. Income level and urbanization are highly correlated and as
disposable incomes and living standards increase, consumption of goods and services correspondingly
rises, as does the amount of waste generated (Hoornweg & Bhada-Tata, 2012).
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Solid waste and wastewater management is of significant importance for nations to preserve the
environment and public health. Furthermore, increasing scarcity of resources and the rising cost of raw
materials are turning waste into a new source of resources. Examples include the reprocessing of metal
waste, composting, waste to energy, recycling of e-waste and recycling of construction and demolition
waste (UNEP, 2012).

OBJECTIVE
The target of this report is to elaborate and test a decision support model for the assessment of bioresource management processes available in a region. The model will include a listing of the type and
volume of bio-resources available on site, called inventory. It also considers the location of the source and
the logistics required for collecting and delivering the bio-resources to the treatment plant. Another
aspect taken into account is the efficiency of these bio-resource treatment facilities. In order to test it,
two different waste management systems will be compared. These correspond to the de-centralized
waste management system recommended by the KREIS project in the Jenfelder Au residential and the
centralized system available in this same region.
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2. LITERATURE REVIEW
The following section is made of two chapters which together offer the reader an understanding of the
context where the study is carried out. First a brief explanation of the waste and wastewater management
system in Europe, Germany and Hamburg is presented, followed by a short description of the available
bio-resources in the country.

2.1. WASTE & WASTEWATER MANAGEMENT
Waste Management in Europe
Waste is “any substance or object which the holder discards or intends or is required to discard”
(European Parliament, 2008). Waste can be generally classified according to its source into four
categories: municipal solid waste (MSW), waste from production and trade, construction and demolition
waste and tailing from mining operations. Waste management “is the process of collection, transport,
recovery and disposal of waste, including the supervision of such operations and the after-care of disposal
sites, and including actions taken as a dealer or broker” (European Parliament, 2008). In order to assure
the sustainability of the process, a hierarchy for waste management has been established and
implemented in many countries following the EU Waste Framework Directive. The five step priority that
this hierarchy establishes starts with the prevention and ends with a proper disposal of the waste (see
Figure 1). Prevention is of course the most important step. With prevention less waste is produced and
no further management for the avoided waste is necessary. This means that many resources, material
and energetic, can be spared (Chandak, 2010).

Figure 1. Waste hierarchy according to EU Waste Framework Directive (European
Commission, 2014).
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Waste Management in Germany
The implementation of the EU Waste Framework Directive in Germany is called the Closed Substance
Cycle and Waste Management Act. The results of its implementation can be observed in Figure 2. A
significant reduction of the residual waste is achieved through new waste separation categories. These
new categories enable the implementation of the waste hierarchy, for a better re-use, recycling and
recovery. Bio-resources like bio-waste and wastewater are collected and treated separately for both
energetic and substantial recovery. Packaging and paper, on the other hand, are examples of waste that
are re-used or recycled. Another important result is that the link between economic growth and the
volume of waste has been detached, given the fact the economy grew by 15% between 1992 and 2004
and the total volume of domestic waste has remained constant over many years country wise (BMU,
2011).

Figure 2. Evolution of waste management in Germany (BMU, 2011).

For the appropriate collection, recovery and disposal there are more than a thousand waste management
companies of private and public ownership offering their services. The market share of MSW is divided in
65% for the private sector and 35% for the public one; regulated by the authorities according to the source
and end use. Household waste for disposal or recovery can only be handled by the municipalities (public
company). Private companies compete to handle the waste coming from the commercial and industrial
sector (Siechau, 2013). The waste management industry has become an important player from an
economic point of view. It is calculated that the industry has an annual turnover in excess of 50 billion
Euros. By 2006 it employed more than 250,000 people, ranging from very simple job positions to
managerial ones. In this same year, approximately 58% of the MSW and 42% of the industrial waste was
recycled and 86% construction waste was recovered (BMU, 2006).
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In Hamburg, the company in charge of collection, recovery and disposal of MSW is the Stadtreinigung
Hamburg GmbH (SRH). SRH is a public company established in 1994 owned by the Free and Hanseatic City
of Hamburg. It is the city's largest and leading service provider in the field of waste management. With
approximately 2,500 employees, this company is entirely responsible for the management of household
waste in Hamburg (Siechau, 2013).

Wastewater Management in Europe
The Urban Wastewater Treatment Directive is one of the major water policy tools in Europe. Its objective
is to protect the environment from the adverse effects of discharges of urban wastewater from settlement
areas and of biodegradable industrial wastewater from the agro-food sector. As adverse effects the
organic pollution in rivers and lakes and the accumulation of excessive nutrient loads that cause
eutrophication are referred. Wastewater pollution can also accelerate biodiversity loss and deteriorate
drinking water supplies or bathing waters, causing public health concerns (European Commission, 2013).
According to this directive, urban wastewater means “domestic wastewater or the mixture of domestic
waste water with industrial wastewater and/or run-off rain water”. All member states shall ensure that
all agglomerations, meaning “an area where the population and/or economic activities are sufficiently
concentrated for urban wastewater to be collected and conducted to an urban wastewater treatment
plant or to a final discharge point”, are provided with collecting systems for urban wastewater. After
collection, these shall be subject to secondary treatment before discharge, until they comply with the
established parameters like maximum emission or major pollutants values. As mentioned before,
domestic wastewater is part of the urban wastewater stream. Domestic wastewater is “waste water from
residential settlements and services which originates predominantly from the human metabolism and
from household activities” (European Parliament, 1991).
A recent report, which assessed the level of implementation of this directive after 20 years of adoption,
reveals that most of the EU Member States collect their wastewaters at very high levels with an average
rate of compliance equal to 94%. Regarding secondary treatment, in 2009/2010 a total of 82% of the
wastewaters in the EU received secondary treatment. For the EU-15, average compliance rates are 88%
for secondary treatment, 97% for collection systems and 90% for more stringent treatment. The
frontrunners Austria, Germany and the Netherlands have largely implemented the directive. Member
States which have joined the EU in 2004 and later, still fall behind with average compliance of 72% for
collection systems and 39% and 14% respectively for secondary and more advanced treatment (European
Commission, 2013).

Wastewater Management in Germany
In Germany, wastewater entering public sewage treatment plants consists of sewage water, rainwater
and infiltration water (50%, 27% and 23% respectively). These corresponded to a total amount of
approximately 9.988 million m3 in 2010 (Statistisches Bundesamt, 2013). Statistics forecast a growing
market volume of wastewater in Germany between the years 2011 to 2025. In 2015 a turnover of around
21.8 billion € is forecasted for the sanitation sector in Germany, reaching up to 33.9 billion € by 2025
(Berger, 2012). Under this conditions, it is no wonder that the amount of companies dedicated to
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sanitation of wastewater in Germany show a continuous growth. In 2008, 219 private enterprises
operating in the sanitation sector were counted in Germany and in 2011 the number raised to 281.These
companies generated more than 34,600 employments in 2011 (Statistisches Bundesamt, 2013).
Hamburg´s residential wastewater, which consists of a mixture of grey water, black water and rain water,
is conveyed through the drainage system to the city’s wastewater treatment plant. This plant belongs to
the Hamburger Wasserwerke GmbH and is comprised by two interconnected sites called Köhlbrandhöft
and Dradenau.

2.2. DESCRIPTION OF BIO-RESOURCES AVAILABLE IN GERMANY
2.2.1. Bio-waste
This report will focus on MSW, since this is the type generated in residential areas like Jenfelder Au, and
specifically in the available bio-resources within the MSW. In 2011 German households produced
approximately 37 million Mg of MSW, of which nine million correspond to organic waste (Statistisches
Bundesamt, 2013). In Table 1 the volumes of waste generated in German households are summarized.

Table 1. Average waste production in German households in 2011 (Statistisches
Bundesamt, 2013).

Waste type

Volume of household waste
1000 Mg

Kg/inhabitant

Fraction at receiver
Disposed

Reused

Total

37,196.0

454.0

13,971.4

23,224.6

Household waste (Hausmüll)

13,583.5

166.0

11,988.6

1,595.0

Bulky waste (Sperrmüll)

2,420.3

30.0

1,524.0

896.3

Organic waste

9,083.2

111.0

45.8

9,037.3

Bio-bin

4,349.7

53.0

0.0

4,349.7

Green waste

4,733.4

58.0

45.8

4,687.6
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According to Stadreinigung Hamburg GmbH, in 2012 the 1.8 million inhabitants of Hamburg produced
471,876 Mg of residual waste collected in the grey-bin and 53,652 Mg of bio-waste collected in the biobin. This yields approximately 262 kg of residual waste and 30 kg of bio-waste per inhabitant a year. These
are evidently lower when compared to German averages shown in the last table.
Residual waste has a water content of around 30%, an ash content of 28% and a calorific value of 8.5
MJ/kg. The content of grey-bins was analysed in 2012 and it was found that approximately 33% of the
waste in this container was organic fraction that could be composted (see Figure 3). This yields 155,719
Mg of organic waste a year. The bio-bins from households contain mainly kitchen waste, but can also
include lawn cuttings, small branches and pot plants from garden maintenance activities.

18.40%
33%

1.90%

Others
Metals
Paper

16.50%

Glass
Plastics
Compunds

7.50%
8.60%
8.90%
5.20%

Organics not compostable
Organic fraction

Figure 3. Composition of residual waste found in Hamburg’s grey-bins in 2012
(Siechau, 2013).

In 2009, within the BERBION project, sorting of organic and residual waste was carried out in Bergedorf,
a district of Hamburg. From six residual waste containers, the organic content represented nearly 30%
(food residues, garden residues, packed groceries, etc.), paper and paperboard 34% and plastic material
16% and others 20%. This waste composition was found when household had a bio-bin available. In the
bio-bins, the majority of material present consisted of green waste from the gardens, only 12% was
kitchen waste (Oldenburg, 2009). This data evidences that the fractions within the grey and bio-bins can
change significantly depending on the location. In Hamburg, the amount of organic waste produced grows
every year (see Table 2).
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Table 2. Development of organic waste production in Hamburg, Germany
(Statistisches Bundesamt, 2013).

Year

2.2.1.1.

Organic Waste in Hamburg
1000 Mg

Kg/inhabitant

2009

36.1

20.0

2010

37.2

21.0

2011

55.1

31.0

Kitchen Waste

Although kitchen waste is the main constituent of the organic waste in bio-bins, this corresponds to only
30% of the kitchen waste disposed from households into the system. The remaining 70% is disposed in
the grey-bins, as residual waste (Kranert, 2012). This explains the big organic fraction found in Hamburg’s
grey-bins during the research elaborated by the SRH.
In Germany, from the 10.9 million Mg of food waste generated nationwide, large-scale consumers
produce on average 1.9 million Mg, trade produces 0.5 million Mg, food industry generates 1.8 million Mg
and households create an estimate of 6.7 million Mg. This means that approximately 61% of the total food
waste is attributable to the 40.3 million households in Germany. Food waste is disposed in the bio- bin,
grey-bin, in the sink, as compost or fed to pets. On average, every citizen throws away 81.6 kg of food per
year, 76% of which is treated by the local government system as residual waste or organic waste. The
latter yields an average of 62 kg/Inhabitant*a, of which 70% ends in the grey-bin and only 30% in the biobin. Per consumer and day, an average of 170 grams of food are calculated to end in the trashcan. From
the 6.7 million Mg of food wasted annually, 47% is avoidable and 18% is partially avoidable. The main part
of the preventable food waste are vegetables (26%) and fruits (18%), followed by baked goods (15%) and
rests of prepared food (12%) as can be seen in Figure 4 (Kranert, 2012).
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3%
5%

Fruits

7%

Vegetables

18%

Meats and Fish
12%

Diary products
Backery leftovers
Food leftovers

26%
15%

Dough leftovers

8%

Others
6%

Drinks

Figure 4. Composition of food waste in Germany (Kranert, 2012).

2.2.1.2.

Lawn Clippings

In 2013, approximately 36 million people in Germany said they owned a garden (Arbeitsgemeinschaft
Verbrauchs- und Medienanalyse, 2014). Of them, 55.6% use it as ornamental garden, 34.1% combine
ornament with productive use and 8.2% have a garden only for productive use. The rest of the people
interviewed did not answer (Burda Community Network GmbH, 2008). Gardens in Germany have very
different sizes, most of them have an area from 140 to 700 m2 (see Figure 5).

9%

14%

Up to 59 m²

9%

60 - 139 m²
15%

140 - 399 m²
400 - 699 m²

24%

700 - 999 m²
29%

1000 m² and more

Figure 5. Size of gardens in German households in 2008 (GfK Haus- und
Gartenmonitor, 2009).
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In Hamburg, there are 2,400 inhabitants per square kilometre. This is a high population density, even
compared to the German average of 234.67 last measured in 2011. This hints that the amount of garden
area could be significantly lower than the German average. Regarding land use, Hamburg has the largest
share of agricultural land in comparison to the four largest cities in Germany; although since 1979, this
land has been continuously replaced in favour of buildings and open spaces. Agricultural land represents
30.3% of Hamburg’s land space, building area accounts for 57.5%, and the forest and nature areas are
weakly represented at 5.3% and 1.4% (Behörde für Wirtschaft und Arbeit, n.d.).
The aboveground growth of native grasses in Central Europe usually begins by the end of February, midMarch, when the daily temperatures reach 10 °C. Leaf mass and growth continues to escalate in time until
June, when the plants attain their physiological maturity. After this period, growth starts slowing down.
With rising summer temperatures and decreasing rainfall the grass reduces growth performance. In
September there is more rainfall but decreasing temperatures. Growth is continuously low from October
on until to hibernation (Bocksch, 2006). The behavior of grass growth can be seen in Figure 6.
The amount of clippings generated per year and grass type was studied by Nonn (2008). Six grass varieties
were analyzed, namely: Berliner Tiergarten 1 (BT1), Berliner Tiergarten 2 (BT2), Sportrasen, Spielrasen,
Strapazierrasen and Schattenrasen. BT species showed a higher production rate compared to the rest. A
summary of the findings is presented in Table 3 (Nonn, 2008).
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40
20
0

Figure 6. Growth intensities of turf grasses under Central-European conditions
(Bocksch, 2006).
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Table 3. Approximate amount of lawn clippings generated per year and grass type
(Nonn, 2008).
Amount of Clippings
Year 2003 (kg/m2)

Amount of Clippings
Year 2004 (kg/m2)

Average Amount of
Clippings (kg/m2)

Berliner Tiergarten 1

1.72

2.75

2.23

Berliner Tiergarten 2

1.70

2.50

2.10

Sportrasen

1.50

1.80

1.65

Spielrasen

1.40

2.05

1.72

Strapazierrasen

1.30

2.10

1.70

Schattenrasen

1.30

2.00

1.65

Grass Type

2.2.2. Wastewater
Total drinking water supply in Germany was approximately 4,450 million m3, of which 3,577 million m3
were aimed to households and small businesses in 2010. This last number is 2% less compared to the year
before and 6% less compared to 2001; evidencing a trend in reduction of water consumption. Per
inhabitant, 121 liters of drinking water are consumed per day in Germany, and 134 liter per day in
Hamburg (Statistisches Bundesamt, 2013). Most of this water is used for showers and toilet flush (see
Figure 7), only a small part is for food preparation and drinking.

40%
35%
30%
25%
20%
15%
10%
5%
0%
Shower/Bathing

Toillet flush

Laundry

Small business

Cleaning/Car
care/Garden

Dishwashing

Food and Drink

Figure 7. Consumption of drinking water by type of use in German households in
2012 (Statista, 2013).
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Not all of the water supplied to households is treated after use. On average, 95.7% of German inhabitants
have access to public sanitation services through sewage systems; the rest of the population has
alternative solutions like septic tanks, small private treatment plants or no treatment at all. Specifically
for Hamburg, the numbers look better, here 99.2% of the population has access to the public sewage
system (Statistisches Bundesamt, 2013).
Sewage water coming from households is a mixture between gray and black water. Grey water is
generated for example in the kitchen during food preparation, in bathrooms during showers and when
doing laundry. It comprises more than 70% of total wastewater generated in a household. Because it is
highly diluted it can be treated with simple and low-cost technologies. Black water is generated from toilet
flushing, thus containing feces, urine and toilet paper. Because of its content, it has more than 95% of the
total nitrogen, about 90% of the total phosphorus and approximately 50% of the COD present in domestic
wastewater (Alp, 2010).
The amount of black water produced heavily depends on the toilet technology used. On the market,
gravity toilets are available and need from 10 to 5 liters per flush. The standard vacuum toilet requires 0.7
to 1.0 l/flush and there are advanced technologies under implementation in airplanes that need 0.25
l/flush; but these are not available or common in households (Wendland, 2008). Assuming that a normal
gravity toilet consumes on average 7 l/flush and that a vacuum toilet consumes 1 l/flush, the latter reduces
water consumption by 85.7%. New sanitation concepts are based on the separation at source of
household wastewater streams, into grey water and black water. These new systems offer a possibility to
recover important resources like energy, nutrients and water (Otterpohl, 1999).
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3. CASE STUDY DESCRIPTION
In this chapter the two case scenarios that will be assessed in this study are described. The first one
represents the current treatment given to waste and wastewater in Hamburg. The second case is a decentralized system designed for the Jenfelder Au residential project. In this last scenario, the black water
treatment system is currently under construction and the co-substrate treatment is a theoretical
contemplation. Detailed information of both scenarios is presented below, with emphasis on the
treatment of the bio-resources of interest for this study, which are bio-waste in the form of kitchen waste
and lawn clippings, as well as black water.

3.1. HAMBURG: CENTRALIZED BIO-RESOURCE MANAGEMENT SYSTEM
In the following section the traditional processes for waste collection and transportation followed by the
bio-waste treatment and wastewater treatment for Hamburg are described, based on the responsible
treatment plant. The Jenfelder Au district is located within this region, therefore, residents of this district
would have to use the same services if the new de-centralized system would not exist.

3.1.1. Hamburg’s Waste Collection and Transportation System
The SRH is responsible for the collection and transportation of the waste produced in Hamburg’s
households. Collection and transportation systems have to be designed according to the conditions of the
location, taking into account structural, economic, political and social settings (Siechau, 2013).
In Germany, collection and transportation account for 60 to 80% of the total waste management costs
and thus the importance of the continuous improvement and efficiency of tour planning. In Hamburg
there are approximately 1.8 Mio inhabitants which reside in 860,000 households. According to the SRH,
for the collection and transportation of the residual waste and bio-waste, 740 employees and 170 trucks
are required. The characteristics of the collection of both residual waste and bio-waste in Hamburg are
presented in Table 4 (Siechau, 2013).
Table 4. Waste collection parameters for Hamburg (Siechau, 2013).
Parameter

Residual Waste

Bio-waste

Amount of waste (Mg/a)

496,600

43,300

Number of bins

291,000

100,100

Emptying per week

330,100

51,700

611

117

Tours per week
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In order to have a general understanding of the cost implication of this service, an example is described.
The collection and transportation costs for one Mg of residual waste are calculated under the following
assumptions: a distance of 20 km, a vehicle load of 10 Mgs, bins of 120 l, a driving speed of 45 km/h in
average, a collection time of 25 s/bin and an unloading time at plant of 10 min. The calculations are shown
in Table 5 and Table 6. In total, the collection and transportation of one Mg of waste costs approximately
79 € to the SRH (Siechau, 2013).
Table 5. Transport costs per Mg of residual waste (Siechau, 2013).
Parameter
Vehicle

Description
Total time (transport and unload) (min)

63.00

Costs per hour (€/h)

36.90

Costs per transport (10 Mg) (€/transport)

38.75

Cost per Mg (€/Mg)
Personnel

Magnitude

3.88

Driver cost per hour (€/h)

26.97

Loader cost per hour (2 loaders required) (€/h)

26.22

Personnel costs per transport (€/transport)

83.38

Personnel costs per Mg (€/Mg)
Total transport costs (€/Mg)

8.34
12.22

Table 6. Collection costs per Mg of residual waste (Siechau, 2013).
Parameter
Bins

Description
Number of bins
Collection every 2nd week. Cost per bin (€/bin)

Vehicle

Personnel

69.001
0.16

Bin costs per Mg (€/Mg)

11.04

Total time for 1 Mg (min/Mg)

28.75

Costs per hour (€/h)

36.90

Cost per Mg (€/Mg)

17.68

Driver cost per hour (€/h)

26.97

Loader cost per hour (2 loaders required) (€/h)

26.22

Personnel costs per Mg (€/Mg)

38.05

Total collection costs per Mg (€/Mg)

1

Magnitude

Assumption: 69 bins equal to 1 Mg of waste.

66.77
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3.1.2. Bio-Waste Treatment in Hamburg
As mentioned in the literature review, organic waste, like kitchen waste and lawn clippings, is disposed by
household owners as bio-waste in the bio-bin and as residual waste in the grey-bin. The treatment of
waste in these two bins is very different. All bio-bins in Hamburg are collected and transported to the
Biogas and Composting Plant Bützberg (BKW Bützberg). Grey-bins are taken to different incineration
plants within Hamburg, where the waste is burned and with it, energy is recovered. Both processes will
be described below.

3.1.2.1.

Biogas and Composting Plant Bützberg: Treatment of Bio-waste

This plant is located in Wulksfelder Damm, 22889 Tangstedt; and is under the responsibility of the SRH.
The twin strategy implemented by the SRH for the treatment of biological waste corresponds to dry
fermentation as a first step, followed by a composting step (see Figure 8). The fermentation allows the
system to extract biogas from the bio-waste, which corresponds to energetic recovery. The composting
allows the system to prepare the solid residuals for re-use, mainly as soil enhancer in the fields, this
corresponds to substantial recovery.
The dry fermentation facility was built with a capacity of 70,000 Mg/a, of which 60,000 Mg were planned
to be filled with bio-waste and 10,000 Mg would correspond to green waste. These would be processed
to around 2.5 million m3 of pure bio-methane and 35,000 Mg of compost. About 600 m3 biogas are
expected to be produced per hour, with an energy content of approximately 10 kWh/m3 (see Table 7). In
2012 this plant received in total approximately 53,000 Mgs and produced 2.32 million m3 of biogas and
13.5 million kWh. The composting facility has a capacity of 35,000 Mg/a, but only 19,000 Mg of bio-waste
are deposited in the present (Siechau, 2013).
Table 7. Planned operational metrics for the Biogas and Composting Plant Bützberg
(Siechau, 2013).
Parameter
Throughput

Planned Value
70,000 Mg/a

Bio-Waste

60,000 Mg/a

Green Waste

10,000 Mg/a

Gas production rate
Biogas production (raw)
Methane content
Foreign bodies

80 m3/t
2.5 million m3/a
55 %
3,500 Mg/a

Compost

35,000 Mg/a

Fuel for wood chip power plant

2,8000 Mg/a

Figure 8. Overview of the bio-waste treatment process in the Biogas and Composting Plant
Bützberg (Stadtreinigung Hamburg GmbH, n.d.).
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3.1.2.2.

Incineration Plants: Treatment of Residual Waste

There are four main incineration plants in Hamburg, namely MVA Stellinger Moor; MVA Rugenberger
Damm; MVA Stapelfeld and MVB Borsigstraße. These treat all residual waste produced in Hamburg and
simultaneously recover heat and electricity from the waste. In Table 8 a summary of the operational
metrics of these plants is presented. On average, the plants produce 1.52 MWh/Mg waste. A short
description of each plants follows.
Since 1973, the Müllverwertunganlage (MVA) Stellinger Moor plant has participated in the treatment of
waste in Hamburg. It has repeatedly been upgraded and today it complies with the state of the art
technology. In 2013, the 124,312 Mg of incinerated waste, produced 38,009 MWh of electricity and
66,713 MWh of heat. Of the electrical output, 19,835 MWh were sold to third parties. The two combustion
units have reciprocating grates, which incinerate the waste that has an average net calorific value of 9.5
MJ/kg. As slag and residues, 27,100 Mg and 3,171 Mg were produced respectively (Stadtrenigung
Hamburg GmbH, 2014).
The MVA Rugenberger Damm GmbH was built in 1999 and is situated in the port area of HamburgAltenwerder. This plant has an approximate waste throughput of 320,000 Mg/a; in 2012 it received
342,417 Mg. The two lines in operation have a throughput of 21.5 Mg/h each. After the waste is
incinerated in the grate firing, steam with a temperature of 400 °C and a pressure of 40 bars is produced.
The steam generators have an efficiency of approximately 89.5%, including the two auxiliary ones that
consume natural gas. The plant operations produce process and heating steam (495,979 MWh in 2012),
as well as heating water (54,828 MWh in 2012), yielding a heat utilization rate of 54.3%. In-house steam
consumption was 101,154 MWh for the same year. Simultaneous production of electricity (CHP) allowed
the plant to generate 71,236 MWh in 2012, of which 44,516 were required in-house. In this same year
2,529 MWh were purchased and 29,249 MWh were fed to the grid. As a result of the process there are
also other by-products like hydrochloric acid, gypsum, slag and metal scrap. (Müllverwertung
Rugenberger Damm GmbH, 2013).
Every year, in the MVA Stapelfeld GmbH, energy is recovered from approximately 350,000 Mg of waste
in two incineration lines with a throughput of 66 Mg/h. The fire has a temperature of more than 850 °C.
With this heat energy in the two boilers around 132 Mg of steam per hour are produced. There the steam
drives a turbine with connected generator with a pressure of 26.5 bar and a temperature of 380 °C. In this
way the EEW Stapelfeld plant produces around 100,000 MWh of electricity per year and can therefore
meet the requirements of approximately 30,000 households. In addition the facility produces 180,000
MWh of district heat per year, providing for 4,000 households (E.ON Energy from Waste Stapelfeld GmbH,
2012).
The Müllverwertung Borsigstraße (MVB) GmbH runs since 1994, and approximately 320,000 Mg of
municipal waste from Hamburger households are burned here. In 2012 exactly 333,059 Mg of waste were
fed to the system. The recovery is performed in two incineration lines, each with a grate firing and a steam
generator. Both lines are designed for waste with heating values in the range 6.5 to 12 MJ/kg. The steam
generators achieve an efficiency of about 87%. A small percentage of the steam is taken to be used by the
plant, the rest is fed to the grid as heat. In 2012, the amount of steam consumed by the plant was of
210,584 MWh. The same year, 715,345 MWh of heat were produced. From the treatment of the
emissions, the following substances in marketable quality are generated: slag, scrap, 30% hydrochloric
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acid and gypsum. The plant consumes 32,820 MWh of electricity, of which 9,981 MWh were procured and
33.9% of which was renewable (Müllverwertung Borsigstraße GmbH, 2013).

Table 8. Summary of operational metrics of Hamburg’s waste incineration plants
(Stadtrenigung Hamburg GmbH, 2014) (Müllverwertung Rugenberger Damm
GmbH, 2013) (E.ON Energy from Waste Stapelfeld GmbH, 2012) (Müllverwertung
Borsigstraße GmbH, 2013).

Incineration Plant

Throughput
(Mg)

MVA Stellinger Moor (2013)
MVA Rugenberger Damm (2012)
MVA Stapelfeld (n.d.)
MVB Borsigstraße (2012)
Total

124,312
342,417
350,000
333,059
1,149,788

District Heat
Production
(MWh)
66,713
550,807
180,000
715,345
1,512,865

Electricity
Production
(MWh)
38,009
71,236
100,000
22,8394
232,048

Electricity
Consumption
(MWh)
18,1742
44,516
---3
32,820
95,510

3.1.3. Wastewater Treatment in Hamburg
In Hamburg, residential wastewater as well as rainwater is collected together and led into the city’s
wastewater treatment plant. The Sewage Network Köhlbrandhöft/Dradenau plant is located in
Köhlbranddeich 3, 20457 Hamburg and in it, an annual average of 150 million cubic meters of wastewater
are cleaned. Industrial wastewater is generally treated within the industrial site, and is normally not mixed
with residential wastewater (Hamburger Wasserwerke GmbH, n.d.).
A simplified overview of the centralized wastewater treatment plant (WWTP) can be seen in Figure 9. The
plant has two main functions, to treat the wastewater through mechanical and biological processes, and
to treat the sludge that is produced as a result from the aerobic treatment of the wastewater. This sludge
is thickened and then conveyed into anaerobic fermentation tanks. There, biogas is generated. The
digestated mass is transported to a sludge dewatering and drying plant (KETA) and afterwards combusted
in the treatment plant for wastewater residues (VERA). This unit produces electricity and heat from the
combustion of the sludge. Table 9 shows an overview of the key parameters of the WWTP (Hamburger
Wasserwerke GmbH, n.d.).

2

In 2013, 19,835 MWh were sold to third parties.
No data available
4
In 2012, 9,981 MWh of electricity were procured.
3
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Table 9. Approximation of the operational metrics of the WWTP
Köhlbrandhöft/Dradenau (Hamburger Wasserwerke GmbH, n.d.).
Parameter
Throughput:
Wastewater
External Services: additional sludge
and residues

150,000,000 m3/a5
300,000 Mg/a5
90,000 m3/d5

Sludge production

1,600,000 m3/a5

Heat consumption

6

150,300,000 Mg/a

Biogas production

Energy consumption

5

Theoretical Value

(Hamburger Wasserwerke GmbH, n.d.)
(Schurig, 2014)

76.5 Mio MWh/a6
71 Mio MWh/a6

Figure 9. Illustration of a simplified overview of Hamburg's centralized
WWTP.
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3.2. JENFELDER AU: DE-CENTRALIZED BIO-RESOURCE MANAGEMENT
SYSTEM
Jenfelder Au is a district within Hamburg where a 35 ha residential area is currently being developed in
order to construct approximately 1,000 households to provide shelter for 3,000 inhabitants. In the 35 ha
project plan (see Figure 10), there is a section with existing houses which will not be disturbed, and there
is a percentage of new houses that will not be connected to the vacuum flushing system. This means that
from the total amount of people that will reside in this area, only 80% or 2,400 people will be using the
de-centralized bio-resource management system; the rest will make use Hamburg’s centralized bioresource management system explained in the last section.

Figure 10. Bird’s eye view of the Jenfelder Au project area taken from Google Maps.
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3.2.1. Waste Collection and Transportation in Jenfelder Au
Just like in any other Hamburg district, residual waste collected in grey-bins will be transported to an
incineration plant to be treated. For this specific waste stream there are no differences between
scenarios. On the other hand, kitchen waste, lawn clippings, and other organic waste will not be collected
in bio-bins as usual. This waste is planned to be used as co-substrate for the fermentation of black water;
therefore it will be treated on site and will not require significant transport.

3.2.1.1.

Food Waste Disposer: Collection of Kitchen Waste

A Food Waste Disposer can be used as an integral tool for waste management to increase the recovery of
organic waste and thus ensure that it is not landfilled or incinerated, turning food waste into sludge while
simultaneously contributing positively to the quality of the sewage sludge (CECED, 2003). With this
system, kitchen waste which is discarded into grey-bins will reduce to almost zero percent.
The Food Waste Disposer grinds the food waste into small pieces and evacuates it by the help of water.
This machine is designed to ensure that only food waste goes through the disposer. Materials other than
food waste (bottle caps, textile etc.) will lead to the jamming of the device. Subsequently, it is a natural
selector of food waste ensuring that only food waste is ground up and transported to the wastewater
plant via the sewer. Located under the kitchen sink and based on the principle of centrifugal force, it brings
kitchen scraps into contact with an abrasive fixed metal ring that reduces the scraps into very small pieces.
The sewage produced in this manner reaches the sewage system through the domestic conductors and
then the treatment plant (CECED, 2003).
According to CECED (2003), although the degree of saturation in the USA is at around 48%, in Europe,
Food Waste Disposers have won recognition for their potential as a food waste management system only
recently. The saturation is the greatest in Great Britain, where 5% of households use Food Waste
Disposers. In Germany, their installation is discouraged, but state and municipal regulations apply. Interest
has been raising, since the traditional treatment in inner-city districts shows dis-advantages due to:
•
•
•
•
•
•

Odor emission during all process steps
Increasing fractions of bio-waste in other waste bins
High costs for road transport due to the high weight of wet food waste
Insignificant rates of home-composting
Lack of space for bio-bins
Unsatisfying collection rates for food waste.

3.2.1.2.

Dry Sludge from Fermenter to Composting Plant in Trittau

Specific to this management system is the need to collect and transport the solid phase of the digestate
or dry sludge to a composting plant located in Trittau. The solid phase is expected to represent 15% of the
total sludge production, which will be of 30 m³/d based on the following fermentation characteristics: 25
d retention time, 37 °C and 750 m³ reactor volume. The collection will be done in a 35 m3 container, which
will be transported to AWS Trittau. It is expected that containers are filled every 7.7 days, or once per
week.
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3.2.2. Proposed Bio-Waste Treatment in Jenfelder Au
Since black water only has a low biogas production potential and the amounts generated in the district
are not sufficient to fill the entire reactor, the addition of co-substrates is planned. As mentioned before,
bio-resources like lawn clippings, kitchen waste and commercial grease trap waste or fruit waste can be
used. Using them as co-substrates not only allows to treat the bio-waste, but it also lets energy be
recovered from them. Additionally no long distance transportation of waste is required, generating great
savings. In this study two bio-resources will be taken as co-substrates: kitchen waste and lawn clippings.

3.2.3. Wastewater Treatment in Jenfelder Au
Based on the Hamburg Water Cycle® (HWC), the system for wastewater treatment in Jenfelder Au
considers three separate streams of wastewater, namely rainwater, grey water and black water (see
Figure 11). The rainwater is being directly led into a grassland cascade, where part of it infiltrates into the
soil, and the remaining water enters an artificial lake. Overfill of the water from the lake can be used as
technical water, for example, for irrigation. The grey water is led into a trickling filter and then released
into the environment. The small, remaining part which stays in the trickling filter as sludge is being
combined with the black water for further treatment. Black water will be fermented into biogas in a 750
m3 CSTR. For this purpose, the black water is collected via a central vacuum flushing system. This will allow
not only to save water, but also will avoid the unnecessary dilution of the nutrients in the black water.
The biogas will provide heat and electricity via gas turbines, with an approximate output of 100 kWh. The
digestate can be transformed into fertilizer or used to generate energy through combustion, depending
on the quality of soil resulting (KREIS Forschungsverbundprojekt, 2013).

Figure 11. Representation of the Hamburg Water Cycle to be implemented for
wastewater treatment in the Jenfelder Au district (KREIS
Forschungsverbundprojekt, 2013).
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4. METHODOLOGY
In the methodology, the steps followed in order to develop a decision support tool for the assessment of
regional bio-resources management systems are described. The first step of the methodology consist of
planning followed by the implementation of the model in order to assess two case scenarios. The case
scenarios derive from the Jenfelder Au district. The first scenario is the centralized management that
traditionally would be given to the bio-resources generated in this region. The second scenario is the bioresource management proposed by the KREIS project for this district. The two scenarios represent roughly
a centralized and de-centralized waste management system respectively and were described in detail in
the last chapter.

4.1. DEFINITION OF THE TOOL
The formulation of the decision support tool was done in collaboration with Ph.D. Ova Candra and under
the supervision of PD Dr.-Ing. habil. Ina Körner from the Institute of Wastewater Management and Water
Protection of the TUHH (AWW). For years, Dr. Körner has been conducting research on waste treatment
technologies and alternatives. Recently it has been focused on the Jenfelder Au district waste
management system as an involved party of the KREIS project. This tool results from the need for
assessment of the information generated in order to define the efficiency of the systems under study.
The tool comprehends three steps: the first for data generation, compilation and preparation; the second
for the analysis of the data and the last step is the documentation of the process undertaken. A summary
description of the tool can be seen in Figure 12.

I. INVENTORY
1. Bio-resource inventory &
characterization
a. Black water
b. Kitchen waste
c. Lawn clippings
2. Treatment plants inventory &
characterization
a. Location
b. Processes
c. Material flow

II. ASSESSMENT

III. DOCUMENTATION

1. Material flow analysis

1. Inventory of bio-resources

2. Transport analysis
a. Transport costs
b. CO2 emissions

2. Key treatment plants

3. Efficiency analysis

4. Transport analysis summary

3. Substantial recovery

5. Total efficiency summary

Figure 12. Proposed decision support tool in a glance.
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4.2. DESCRIPTION OF THE TOOL
4.2.1. Inventory
4.2.1.1.

Bio-resources Inventory & Characterization

The first step is to define the geographical area where the assessment will be executed. The next step is
to identify which bio-resources are available on site. Bio-resources can have residential or commercial
origin and for the latter, the types of bio-resources can vary greatly. The bio-resources under analysis in
the Jenfelder Au area are black water and residential bio-waste in the form of kitchen waste and lawn
clippings. To describe the bio-resources the following aspects are to be considered: availability, biogas
potential, dry matter content, organic dry matter content, total nitrogen and total phosphorous.
During its active role as partner of the KREIS project, the TUHH has generated substantial information
related to the bio-resources of the area in cooperation with students of Bachelor, Master and Ph.D.
programs. Therefore, for the elaboration of the inventory, the information available at the TUHH was
compiled, accompanied with desk research. As a result, a summary table with the inventory of bioresources from the Jenfelder Au region is presented in the next chapter.

4.2.1.2.

Treatment Plants Inventory & Characterization

Once the bio-resources of interest are selected and the inventory of the region is done, it is necessary to
understand where and how these resources are treated. After a personal interview with Prof. Siechau,
CEO of the Stadtreinigung Hamburg GmbH, at the premises of the company, the current waste
management process was depicted. With this information, the plants involved in the treatment of
domestic and commercial waste were identified; including the plants where the selected bio-resources
are managed. During the interview, both public and private plants were taken under consideration.
The information provided during the interview was complemented with desk research in order to achieve
a comprehensive list of potential treatment plants for the bio-resources generated in Jenfelder Au. This
list was enriched by Ph.D. Ova Candra. The address of each treatment plant was found using Google as
search engine. As a result, a list of waste treatment plants of interest in Hamburg was obtained with their
exact location.
4.2.1.2.1. Location
The description of the plants responsible for the treatment of the bio-resources includes their position on
a map, the distance between them and Jenfelder Au and geo-location coordinates. As a result, a summary
table that includes these information was elaborated. As underlined in the literature review, collection
and transportation of waste is one of the costlier processes within waste management. The calculation of
the distances between the producer and receiver of bio-resources is important in order to use this
information for the calculation of the transport efficiency of the waste management system.
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Alternative 1:
To graphically represent the location of each point of interest on a map, Google Maps Lite software was
used. The procedure followed is as described:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Open a new internet tab and go to Google Maps Lite (https://mapsengine.google.com).
Write the address of the point of interest in the search box located on the top of the page.
Make a left-click on the balloon that indicates the location of the point of interest.
A new window will appear: Select: “Add to map”.
The point will be added to the map and will be displayed on a list of points of interest in a window
on the left of the map.
Make a left click on the balloon again and select the pencil icon which is called “Edit”.
Give a name to the new point added to the map, save changes and close the window.
Repeat procedure for each point of interest until the map is finished.
Save the map.

With this same map the distances between two saved points is easily calculated. Under the search box six
icons are presented. One should select the icon on the far right, which shows two arrows and is called
“Add directions”. The remaining steps are described below:
1.
2.

3.
4.
5.
6.
7.

Once the button is selected a new section will appear at the bottom of the left window where
the points of interest are listed.
The software calculates the driving distances between point A and B, thus points A and B need to
be selected.
a. On the empty box of point A write the name of the Jenfelder Au district point.
b. On the empty box of point B write the name of one treatment plant point.
The directions will appear on the map connecting both points.
Click on the “step-by-step” button.
A new window will appear: The exact driving distance and time required are shown.
Close the window and replace point B for a new treatment plant point.
Repeat until all distances are calculated and the data is gathered.

The next step was to get the coordinates of each point of interest. Once again, for finding out the geolocation of the plants an online tool was used. The procedure as follows:
1.
2.
3.
4.
5.

Open a new internet tab and go to classic Google Maps (https://maps.google.de/).
Write the name of the point of interest in the search box located on the top of the page.
Locate the point of interest on the map and make a right-click on the location.
A new window will appear: Select “What's here?”
The coordinates will appear in the search box at the top of the page and as a small window on top
of the location.
6. Coordinates are given in latitude and longitude for both decimal degrees (e.g.:41.40338, 2.17403)
and degrees, minutes and seconds (e.g.: 41° 24' 12.1674", 2° 10' 26.508").
Using an online conversion tool called “geograph” (http://geo-en.hlipp.de/latlong.php), the decimal
degree coordinates where transformed into the German Grid compatible Gauß-Krüger coordinate system.
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Alternative 2: GIS
GIS stands for geographic information system. GIS integrates hardware, software, and data for capturing,
managing, analyzing, and displaying all forms of geographically referenced information. The software
package called ArcGIS of the company ESRI contains an array of GIS processing applications (ESRI, 2014).
Of these, ArcMap is useful when creating a map and polygons; for example to locate the treatment plants
and green areas. It also has a Network Analyst tool, with which it is possible to identify efficient ways to
move from point A to B. A complete description of the procedure can be read in Appendix 1.
4.2.1.2.2. Processes
In order to execute the material flow analysis a comprehensive research of the processes happening
within the treatment plants was necessary. This research was elaborated for BKW Bützberg, WWTP
Köhlbrandhöft and the KREIS system; plants responsible for the treatment of the selected bio-resources.
The information was gathered through personal communications via email to Hendrik Schurig, from the
department of Sewage Treatment of Hamburg Wasser GmbH and to Dr. Anke Boisch, the director of BKWBützberg GmbH. This data was complemented with desk research (using Google as search engine). As a
result, a scheme of the treatment steps within the treatment plants was elaborated using the STAN
software.
4.2.1.2.3. Material Flow
To complete the information, the efficiency of each one of those steps was also gathered through personal
communications and desk research. These correspond to the transfer coefficients (TC’s) that will later on
be mentioned in the methodology related to the material flow analysis. A table summarizing the inputs
and outputs of each step within the process is shown as a result.

4.2.2. Assessment
4.2.2.1.

Material Flow Analysis

In order to perform the material flow analysis the freeware STAN (short for subSTance flow ANalysis) was
used. This freeware developed by the Vienna University of Technology helps to build a graphical model
with predefined components (processes, flows, system boundary, text fields) where known data can be
entered (mass flows, stocks, concentrations, transfer coefficients) for different layers (good, substance,
energy) and periods to calculate unknown quantities (Vienna University of Technology, 2012).
The STAN is used to create a process scheme that contains information of bio-resource flow, from
generation points to the treatment options. It describes how much the generation on this site is, and what
is done with the bio-resources. A graphical model of both case scenarios was elaborated. The input data
for the material flow calculations was taken from the inventory and characterization of treatment plants.
The procedure followed in order to graphically represent the bio-resource management processes of each
use case, using the STAN software, is as described:
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1. Create an account and download the STAN freeware from the following website:
http://www.stan2web.net/
2. Once the STAN is installed on the computer, open the software and a new canvas will
automatically appear.
3. In order to create the process scheme, the shapes listed on the left hand side are to be used. Click
once on one of these and move the mouse to the canvas on the right. Click on the canvas and
create the new shape. Start with the “Import flow”.
4. Each process within the management system can be drawn using the “Process” shape.
5. In order to link processes, the “Flow (Polyline)” should be used. When the line is connected it is
no longer dotted. Make sure all flow lines are connected. If a different style of arrow is required,
make a right click on the arrow, select “Flow type” and the styled desired.
6. Every time a process generates a final output, which will no longer be processed, use the “Export
flow” to indicate so.
7. One can name each flow and process created. Simply click on it in the canvas and write the desired
name on the “Flow/Process Properties” bar on the right hand.
8. Once finished with the scheme, make sure to create the “System boundary”, which should
encompass all processes drawn.
The bio-resource management process should be clearly sketched before the material flow analysis can
be ran. The next step is to characterize each process, by adding the minimal properties:
1. Click on a process and go to the bar on the right hand. Select if the process is a “Sub system”
“Stock” or “TC’s”. A sub-system allows to create a whole new process within a process. It is used
to give detailed information. Stock is for the case that a storage room is drawn and TC’s is for
balancing through transfer coefficients the outputs of each process.
2. In the case of TC’s processes, click on the “TC” tab at the bottom of the “Properties” bar and then
in “Edit” in order to introduce the coefficients. A new window will appear with a transfer
coefficients table.
3. Fill in the table, assigning to each flow the percentage of mass that goes to it. The number should
be smaller than zero (0.X) and they should add up to one (1).
4. Click on OK when finished.
5. Repeat the same procedure for each process drawn in the canvas.
To run the mass flow calculations, simply click on “Edit” – “Calculation dialogue” and “Start”. In case of
mistakes, they will appear at the bottom of the window, under “Trace Output”.
Efficiency of treatment: based on the STAN, the information of material and energetic flow are obtained.
These reflect the efficiency in production of heat and electricity in the treatment plants (kWh/Mg).

4.2.2.2.

Transport Analysis

Transportation is the second pillar for the assessment of the waste management scenarios. This analysis
is based on two parameters: transport costs and production of CO2 due to transport.
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4.2.2.2.1. Calculation of Transport Costs
For the calculation of the costs related to the centralized case scenario Equation 1 is used. The basic
assumption is that the transport of one Mg of waste, twice a week, from a source that is 20 km away,
costs 79 €. This is based on the detailed calculation presented in section 3.1.1. The expenditure for the
collection and transport of one Mg of waste in the de-centralized case scenario is assumed to be 40% of
the 79 €, because the transport of the dry sludge is expected to occur only once a week and it requires
less personnel and time.
[Waste (Mg)*(79 €/Mg)] * [Distance (km)/20 km] = Transport Cost (€)

(Equation 1)

[Waste (Mg)*(32 €/Mg)] * [Distance (km)/20 km] = Transport Cost (€)

(Equation 2)

4.2.2.2.2. CO2 Emissions due to Transport
The production of CO2 is calculated based on the liters of fuel consumed per Mg transported (see Equation
3). SRH data states that on average, the kilometric performance per garbage truck is of 20,000 km/a, with
a fuel consumption of 60 l/100 km in the case of a 4 – wheeled vehicle and of 70 l/100 km for a 6 – wheeled
one. These consume diesel, which contains approximately 720 g of Carbon per liter and generates 2,640
g of CO2 when combusted (ecoscore, 2014). The formula to use is therefore:
[Distance (km)/100] * [70 l * 720 g C/l] * [1 Mg / 106 g] = Mg CO2

4.2.2.3.

(Equation 3)

Efficiency Analysis

The efficiency analysis will be executed qualitatively. In this study, there are in total three parameters
taken into consideration to assess the efficiency of the bio-resource management systems under analysis,
namely substantial recovery, transport cost and CO2 emissions. The higher the substantial recovery the
better, and the opposite for the other two criterion.

4.2.3. Documentation
Each step in the model is documented according to Figure 12, for a total of five summary tables. These
are presented in Chapter 5, section 5.3 and correspond to:
1.
2.
3.
4.
5.

Inventory of bio-resources
Key treatment plants
Substantial recovery
Transport analysis summary
Total efficiency summary
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5. RESULTS & PRODUCTS
Chapter 5 is the compilation of the results of the implementation of the decision support tool (see Figure
12) described in section 4.1 of the methodology. There are three main segments in this chapter, the first
is the inventory of both bio-resources and treatment plants, followed by the assessment of the case
scenarios and finalizing with the documentation, which summarizes all the products.

5.1. INVENTORY
5.1.1. Bio-Resources Inventory & Characterization
The inventory for this study derives from a compilation of information generated through several studies
within the AWW as well as literature research. The bio-recourses taken into account are: kitchen waste,
lawn clippings and black water.

5.1.1.1.

Kitchen Waste

The annual amount of kitchen waste expected to be generated in Jenfelder Au will total to approximately
195.8 Mg, the calculations are summarized in Table 10. According to literature, only 76% of kitchen waste
enters a governmental treatment system, and from it, 70% is classified as residual waste and 30% as
organic waste. In the de-centralized case, it is assumed that 100% of kitchen waste will be disposed
through the food processor thus collected entirely to be used as co-substrate. Therefore, the amount of
kitchen waste entering the centralized scenario is different from the amount anticipated to enter the decentralized scenario.
Table 10. Calculation of total kitchen waste expected in the Jenfelder Au residential
district.
Parameter
Inhabitants (PE)
Average kitchen waste production (kg/PE*a)
Total annual kitchen waste production in
Jenfelder Au (Mg/a)
Kitchen waste collection for de-centralized
treatment (Mg/a)
Kitchen waste collection for centralized
treatment (Mg/a)
Kitchen waste collection in bio-bins (Mg/a)
Kitchen waste collection in grey-bins (Mg/a)

Magnitude
2,400.0
81.6
195.8
195.8
148.8
44.6
104.2

Source
(KREIS Forschungsverbundprojekt,
2013)
(Kranert, 2012)
Calculated: (kg/PE*a)*(1 Mg/1000
kg)*(Total PE) = Mg/a
Calculated: 100% of annual
production
Calculated: 76% of annual
production
Calculated: 30% of centralized
Calculated: 70% of centralized
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5.1.1.2.

Lawn Clippings

In order to calculate the amount of lawn clippings generated both the area of green spaces and the annual
average lawn clippings production rate is required.
In the Jenfelder Au district, the area destined to private and public gardens was identified from the
development plan. Additional information about the existing green areas surrounding the Jenfelder Au
district can be found in the study elaborated by Flerlage (2012), on the districts of Hamburg-Wandsbek,
Hamburg-Middle and Hamburg-North. One key finding of the study was that the total available green area
in these three districts is about 16,075 ha, of which 5,604 ha correspond to public green spaces and 7,954
ha to private ones. The rest corresponds to natural protected areas and areas with predominantly woody
biomass, not of interest in this study. Another study elaborated by Lazic (2014) identified the available
bio-resources within a 2,500 m truck drive around the Jenfelder Au residential area. The results of this
report show there is about 57 ha of public green areas and about 336.8 ha of private green (Lazic, 2014).
A summary including all areas can be found in Table 11.
Table 11. Summary of green spaces in the Jenfelder Au district and surroundings.
Parameter
Total area Jenfelder Au
Public green space
Private green space
Total area Hamburg-Wandsbek,
Hamburg-Middle and Hamburg-North
Green area in public building space
Green area in private building space
Public green space
Private green space
Total private green area in 2.5 km truck
drive
Total public green area in 2.5 km truck
drive

Magnitude (ha)
35.0
1.0
5.0

Source
(KREIS
Forschungsverbundprojekt, 2013)

33,997.0
911.0
6,587.0
4,693.0
1,367.0

(Flerlage, 2012)

336.8
(Lazic, 2014)
57.0

For the calculation of the amount of lawn clippings, in this study only the private green areas within the
residential zone will be taken into account and from it, only the percentage of the residents that will be
connected to the new system (80%). The total green area is about 4 ha, which are assumed to be 100%
grassland.
Now the amount of lawn clippings generated in these green spaces is required. For this study it will be
assumed that private lawn corresponds to “Spielrasen” with a rate of 1.725 kg/m2 according to Nonn’s
report (2008). Through the year it is expected that 69 Mg of lawn clippings are generated. The summary
of calculation is shown in Table 12.
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Table 12. Calculation of total lawn clippings generated in the Jenfelder Au
residential district.
Parameter
Total private green area (m2)

Magnitude
40,000.000

Annual private lawn clippings generation rate
(kg/m2 *a)

1.725

Total annual lawn clippings generation (kg/a)

69,000.000

Total annual lawn clippings generation (Mg/a)

5.1.1.1.

69.000

Source
Calculated: 5 ha*(10,000 m2/1
ha)*(80%) = total m2
(Nonn, 2008)
Calculated: (total m2)*(1,725
kg/m2 *a) = kg/a
Calculated: (kg/a)*(1 Mg/ 1000
kg) = Mg/a

Black Water

According to the calculations summarized in Table 13, the annual black water generation in Jenfelder Au
will amount to approximately 4,500 m³. Notice that a reduction of 85.7% in the amount of black water
was assumed due to the efficiency of the vacuum toilet system in comparison to the traditional flush
toilet.

Table 13. Calculation of total black water generated in the Jenfelder Au residential
district.
Parameter
Inhabitants (PE)
Average water consumption in Hamburg
(l/d*PE)
Toilet flush (% drinking water)
Black water production (l/d)
Reduction due to vacuum toilet system (%)
Total daily black water production (l/d)

Magnitude
2,400.0
134.0
27.0
86,832.0
85.7
12,417.0

Total daily black water production (m3/a)

4,532.0

Total annual black water production (Mg/a)

4,532.0

Source
(KREIS Forschungsverbundprojekt,
2013)
(Statistisches Bundesamt, 2013)
(Statista, 2013)
Calculated: (l/d*PE)*(Inhab.)*27%
(Wendland, 2008)
Calculated: (l/d)*14,3%
Calculated: (l/d)*(365d/a)*(1
m3/1000 l) = m3/a
Calculated: 1 m3 = 1 Mg.
Assumption: Density = 1
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The potential amount available of the three bio-resources in the Jenfelder Au residential zone is
summarized in Table 14 and in Table 15 the characterization of them is presented.

Table 14. Bio-resource availability in the Jenfelder Au district.
Bio-resource
Total annual kitchen-waste collection (Mg/a)
Total annual lawn clippings production (Mg/a)
Total annual black water production (Mg/a)
Total bio-resources available (Mg/a)

Magnitude
195.8
69.0
4,532.0
4,796.8

Table 15. Characterization of bio-resources (biogas formation potential, nl:
standard liters, DM: dry matter, oDM: organic dry matter, TN: total nitrogen, TP:
total phosphorus) (Körner, Hertel , Deegner, & Boltz, 2013) (Hertel, 2013)
Bio-resource
Kitchen waste
Lawn clippings (private)
Black water

Biogas
nl/kg oDM
680
550
500

DM
%
40
37
0.7

oDM
%DM
50
70
65

TN
%DM
2.6
2.5
23.0

TP
%DM
0.3
0.3
2.7

5.1.2. Treatment Plants Inventory & Characterization
In the following section a list of all bio-resource treatment plants present in Hamburg is compiled. These
are also characterized according to their location, processes taking place within the plants and material
flow.

5.1.2.1.

Inventory

In total 13 plants were identified (see Table 16). They are classified according to the technology used to
treat the waste; namely incineration, fermentation and composting. The last category in the table includes
Hamburg´s wastewater treatment plant and Fresh Factory. This plant is a point of interest because they
produce significant amounts of bio- waste that could potentially be used as co-substrate in the Jenfelder
Au’s de-centralized waste treatment system.
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Table 16. List of all bio-resource treatment plants of interest with address.
#

Name

Address

I

Incineration Plants
For the disposal of residual waste

1

MVA Stellinger Moor

Schnackenburgallee 100, 22525 Hamburg-Bahrenfeld

2

MVA Rugenberger Damm

Rugenberger Damm 1, 21129 Hamburg

3

MVA Stapelfeld

Ahrensburger Weg 4, 22145 Stapelfeld

4

MVB Borsigstraße

Borsigstrasse 6, 22113 Hamburg

II

Fermentation Plants
For the energetic recovery of bio-waste

5

BioWerk GmbH

Schnackenburgallee 100, 22525 Hamburg-Bahrenfeld

6

Biomasse Heizkraftwerk Hamburg

Borsigstrasse 6, 22113 Hamburg

7

Biomasse Heizkraftwerk Lohbrügge

Havighorster Weg Hamburg

III

Composting and Pelletizing Plants
For the substantial recovery of bio-waste

8

ETH Umwelttechnik GmbH

Einsiedeldeich 15, 20539 Hamburg-Veddel

9

BKW Bützberg

Wulksfelder Damm 2, 22889 Tangstedt

10

AWT Trittau (Buhck)

Technologiepark 36, 22946 Trittau

11

Best Sort (Buhck)

Liebigstraße 64, 22113 Hamburg

IV

Other

12

Fresh Factory GmbH & Co. KG

Porgesring 11, 22113 Hamburg

13

Köhlbrandhöft WWTP

Köhlbranddeich 3, 20457 Hamburg
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5.1.2.2.

Characterization

5.1.2.2.1. Location
After the list was compiled and the addressed were found, using Google Maps Engine Lite software their
position on a map was represented. In Figure 13 the map containing all points of interest is shown,
including the location of the Jenfelder Au district. Each balloon represents a different treatment plant.
Notice that there are two different treatment plants located on the same site, on Schnackenburgallee and
Borsigstraße.

Figure 13. Map of points of interest on Google Maps software.
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In order to calculate the distance between the Jendelder Au district and the treatment plants, the same
software was used. In Figure 14 the images represent the steps described in the methodology related to
the creation of points of interest on the map and the calculation of the driving distances between
Jenfelder Au and the treatment plants.
Image “A” shows how the result of the search using the address of a treatment plant yields a point on the
map. After clicking on “Add to map” the point is saved and appears on the left hand side window. Image
“B” and “C” are the steps followed for editing the name of the new point created. After all points are
created, the calculation of the distances start. Image “D” shows where the text fields are located for points
A and B. This new window appeared after clicking on “Add directions”, as explained on the methodology.
Once a direction is added, an image like “E” appears. Pointed out by the blue arrow is the “Step-by-step”
button, one must click on it in order to know the distance and time that this track takes. The result is
shown on image “F”. The new window contains on the top the distance and estimated time, pointed out
by the blue frame.

A

B

C

D
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E

F

Figure 14. Creation of points of interest and calculation of driving distances in
Google Maps Lite software.
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Using the classic Google Maps Software the coordinates on the map were obtained (see Figure 15). These
were collected individually and included in the summary table. The Decimal Degree coordinates taken
from Google Maps were transformed into Gauß-Krüger coordinates using an online tool (see Figure 16).

Figure 15. Example of coordinates of a point of interest using classic Google Maps
software.
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Figure 16. Tool for conversion of decimal degrees coordinate into Gauß–Krüger
coordinates (http://geo-en.hlipp.de/latlong.php).

Alternative 2: GIS
The results from the procedure described in the methodology related to this second alternative will not
be presented in this study. During its implementation, this alternative proved to be unnecessarily more
complicated. GIS is not the ideal software for simple location tasks. Google Maps proved to be easier to
use and is reliable.

Table 17 is the compilation of the data generated through the described methodology for the
characterization of all point of interest in this study.
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Table 17. Geographical characterization of all points of interest of the study.
Point of Interest

I
II
1
2
3
4
III
5
6
7
IV
8
9
10
11

Google Maps coordinates

53.581907, 10.130789
+53° 34' 54.87", +10° 7' 50.84"
Waste Incineration Plants (MVA)
For the disposal of residual waste
53.584149, 9.911921
MVA Stellinger Moor
+53° 35' 2.94", +9° 54' 42.92"
53.521125, 9.933636
MVA Rugenberger Damm
+53° 31' 16.05", +9° 56' 1.09"
53.618274, 10.224624
MVA Stapelfeld
+53° 37' 5.79", +10° 13' 28.65"
53.532426, 10.075772
MVB Borsigstraße
+53° 31' 56.73", +10° 4' 32.78"
Fermentation Plants
For the energetic recovery of bio-waste
53.583997, 9.911878
BioWerk GmbH
+53° 35' 2.39", +9° 54' 42.76"
Biomasse Heizkraftwerk
53.532669, 10.075107
Hamburg
+53° 31' 57.61", +10° 4' 30.39"
Biomasse Heizkraftwerk
53.514529, 10.208938
Lohbrügge
+53° 30' 52.30", +10° 12' 32.18"
Composting and Pelletizing Plants
For the substantial recovery of bio-waste
ETH Umwelttechnik
53.527911, 10.030260
GmbH
+53° 31' 40.48", +10° 1' 48.94"
53.725180, 10.101371
BKW Bützberg
+53° 43' 30.65", +10° 6' 4.94"
53.612228, 10.385385
AWT Trittau (Buhck)
+53° 36' 44.02", +10° 23' 7.39"
53.532324, 10.093839
Best Sort (Buhck)
+53° 31' 56.37", +10° 5' 37.82"
Jenfelder Au

V

Other Plants of Interest

12

Fresh Factory GmbH &
Co. KG

13

Köhlbrandhöft WWTP

53.522567, 10.096071
+53° 31' 21.24", +10° 5' 45.86"
53.537528, 9.939662
+53° 32' 15.10", +9° 56' 22.78"

GaußKrüger

3574962,
5939536

3560464,
5939577
3561994,
5932582
3581107,
5943686
3571402,
5933973

3560461,
5939560
3571357,
5933999
3580265,
5932123

3568391,
5933425
3572767,
5955450
3591757,
5943208
3572600,
5933979
3572765,
5932896
3562369,
5934413

Distance from
Jenfelder Au

Time

0.0 km

0 min

20.9 Km

33 min

22.3 Km

29 min

8.8 km

14 min

7.2 km

14 min

20.9 km

33 min

7.2 km

14 min

14.4 km

15 min

12.5 km

18 min

20.7 km

30 min

27.0 km

26 min

5.8 km

11 min

7.0 km

13 min

20.5 km

28 min
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5.1.2.2.2. Processes
In order to sketch the processes taking place in the centralized and de-centralized case scenarios the STAN
freeware is used. In Figure 17, images of the procedure for the elaboration of the diagrams are shown.

A

B

C

D

E

F

Figure 17. Procedure for the elaboration of a process diagram in STAN.
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Step “A” shows the working canvas displayed automatically when the software STAN is opened. As
described in the methodology, the next step is to create the input flows (B), followed by the processes (C)
with their linking flows. The last thing to draw are the output flows exemplified in image “D”. When the
process is connected to several flows, it is necessary to know the percentage of mass that moves to one
and the other. That is what transfer coefficients (TC’s) are for. This is presented in step “E”. Once all
processes are drawn and all information is included, the final step is to run the calculations (F).
Based on the information from the literature review and the methodology described before, the sketch
of each case scenario was elaborated. As a result, Figure 18 and Figure 19 were elaborated, to graphically
show the steps within each process for both case scenarios. Figure 18 represents the centralized bioresource management system that takes place in Hamburg. This includes the Köhlbrandhöft WWTP which
treats rainwater, grey water and black water all together. Its processes are colored light blue. For a
complete treatment of the sludge, Köhlbrandhöft cooperates with two other facilities: the KETA, colored
in green, and the VERA, in purple color. The processes taking place in the BKW Bützberg for the treatment
of organic waste are in the bottom of the diagram and colored in grey.
Figure 19 is the sketch of the de-centralized bio-resource management system for the Jenfelder Au
residential area recommended by the KREIS project. Notice that rainwater is not included because it will
be directly led into a grassland cascade, where part of it will infiltrate in the soil, and the remaining water
will enter an artificial lake. The grey water treatment process is colored in orange. This system is not fixed
but under development. The image represents the most updated version of the recommended waste
management system by the KREIS project.
For this study, a simpler version of both case scenarios is to be analyzed. These are represented in Figure
20 and Figure 21. The main changes when comparing Figure 18 with Figure 20 are the merge of the three
steps of the mechanical treatment into one and of the biological treatment into one as well. The KETA and
VERA steps are also simplified. Inputs and outputs stay the same. The process described in Figure 21 is
significantly simpler than that in Figure 19. The steps related to the treatment of grey water and fat
residues are ignored in this study. Other simple steps like storage and mixing are also not taken into
account. Figure 19 shows the steps taken into consideration for the simplified version in turquoise color.
Based on these simplified processes, the material flow analysis was elaborated.

Figure 18. Diagram of the centralized bio-resource management system in
Hamburg.
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Figure 19. Diagram of the de-centralized bio-resource management
system for Jenfelder Au.
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Figure 20. Simplified centralized bio-resource management system in Hamburg.

Figure 21. Simplified de-centralized bio-resource management system for Jenfelder
Au.
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5.1.2.2.3. Material Flow
In the following section, the results from the personal communications and literature research is
summarized in tables. These contain the inputs and outputs of each process within the case scenarios,
based on Figure 20 and Figure 21.
a. Hamburg: Centralized Bio-resource Management System
Table 18 contains the input/output data for the centralized case scenario. Each facility involved in the
treatment process is assigned a color, corresponding to the colors of the sketch of last section. The “Flow
Symbol” column allows to identify the location of the substance in Figure 20.

Table 18. Material flow of the processes related to the centralized bio-resource
management system in Hamburg
Input/Output

Input
Wastewater
Output
Sand
Pre-treated Wastewater
WW Sludge
Coarse material
Input
Pre-treated Wastewater
Output
Treated Water
Input
WW Sludge
Ext. Residues AD
Total
Output

7

Flow
Annual amount
Symbol
KÖHLBRANDHÖFT
Mechanical Pre-treatment

Percentage (related
to process output)

164,250,0007

Mg/a

100.00

F7
2,0008
F8
162,890,5009
F9
1,350,50010
F10
7,0008
Biological Treatment

Mg/a
Mg/a
Mg/a
Mg/a

0.0012
99.1723
0.8222
0.0043

F8

162,890,500

Mg/a

100.00

F11
162,890,50011
Anaerobic digestion

Mg/a

100.00

F9
F3
--

Mg/a
Mg/a
Mg/a

90.61
9.39
100.00

F1

1,350,500
140,0006
1,490,080

Calculated from data: 450,000 m3of wastewater per day. Source: (Hamburger Wasserwerke GmbH, n.d.)
Source: (Hamburger Wasserwerke GmbH, n.d.)
9
Calculated : Input – (Sand + WW Sludge + Coarse material) = Pre-treated Wastewater
10
Calculated from data: 3,700 m3 of sludge per day. Source: (Hamburger Wasserwerke GmbH, n.d.)
11
Calculated: Input = Output
8
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AD Biogas
1 m3= 1.2 kg
Methane: 60%
AD Sludge
Input
AD sludge
Ext. Residues KETA
Total
Output
Dry Sludge
Water & Vapor
Input
Ext. Residues VERA
Coarse material
AD Biogas
Dry Sludge
Total
Output
Emissions
Ashes
Gypsum
Residues

Input
Bio-bins
Green Waste
Total
Output
Foreign bodies
Bio-waste

12

32,850,00012

m3/a

39,420

Mg/a

-F13

19,710,000
1,451,08013
KETA

m3/a
Mg/a

-97.36

F13
F4
--

1,451,080
87,0006
1,538,080

Mg/a
Mg/a
Mg/a

94.34
5.66
100.00

F14
F15

123,046
1,415,03414
VERA

Mg/a
Mg/a

8.00
92.00

F2
F10
F12
F14
--

21,0006
7,000
39,420
123,046
190,466

Mg/a
Mg/a
Mg/a
Mg/a
Mg/a

11.03
3.68
20.70
64.60
100.00

F16
F17
F18
F19

163,00615
23,72516
3,28517
4508
BKW BÜTZBERG
Dry Fermenter

Mg/a
Mg/a
Mg/a
Mg/a

85.58
12.46
1.72
0.24

F5
F6
--

22,106 Mg/a
27,019 Mg/a
49,12518 Mg/a

45.00
55.00
100.00

F20
F21

8351818 Mg/a
45,50819 Mg/a

1.70
92.64

F12

2.64

Calculated from data: 90,000 m3 of biogas per day. Source: (Hamburger Wasserwerke GmbH, n.d.)
Calculated: Input-AD Biogas = AD Sludge
14
Calculated from data: Water content reduced from 98% to 58%, a 92% volume reduction. Source: (Hamburger
Wasserwerke GmbH, n.d.)
15
Calculated: Input – (ashes + gypsum + residues) = Emissions
16
Calculated from data: 65 Mg ashes per day. Source: (Hamburger Wasserwerke GmbH, n.d.)
17
Calculated from data: 9 Mg gypsum per day. Source: (Hamburger Wasserwerke GmbH, n.d.)
18
(Boisch, 2014)
19
Calculated: Input – (DF Biogas + Foreign bodies) = Bio-waste
13
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DF Biogas
1 m3= 1.2 kg

F22

2,318,00018 m3/a

--

2,782 Mg/a

5.66

Composter
Input
Bio-waste
Output
Compost
Fuel wood
Emissions
Input
DF Biogas
Output
“Good Gas”21
“Bad Gas”
Input
“Good Gas”
Output
Methane
1 m3= 0.72 kg
Other gases

F21

45,508 Mg/a

F25
F26
F27

18,203 Mg/a
0 Mg/a
20
27,305
Mg/a
Separation

F22

2,782 Mg/a

F23
F24

1,947 Mg/a
834 Mg/a
Gas Treatment

F23

1,947 Mg/a
1,07123 m3/a

F28

100.00
40.00
0
60.0018

100.00
70.00
30.0022

100.00

0.04

0.77 Mg/a
1,94624 Mg/a

99.96

F24

834 Mg/a

100.00

F30

83425 Mg/a

100.00

F29
Gas Flare

Input
“Bad Gas”
Output
Emissions

20

Calculated: Input – (Compost + Fuel wood) = Emissions
“Good gas”: Methane content > 48%. “Bad gas” contain less and therefore is flared off.
22
Assumption
23
Calculated from data: Methane content: 55%. Source: (Siechau, 2013)
24
Calculated: Input – Methane = Other gases
25
Calculated: Input = Output
21
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As an overview, the input composition and output composition are summarized in Table 19 and Table 20
respectively.

Table 19. Input composition of the centralized case scenario.
Bio-resource
Wastewater
Ext. Residues VERA
Ext. Residues AD
Ext. Residues KETA
Bio-bins
Green Waste
Total

Flow
Symbol
F1
F2
F3
F4
F5
F6
--

Annual amount (Mg/a)
164,250,000.00
21,000.00
140,000.00
87,000.00
22,106.25
27,018.75
164,547,125.00

Percentage
(%)
99.819
0.085
0.053
0.013
0.013
0.016
100.000

Table 20. Output composition of the centralized case scenario.
Bio-resource
Treated water
Sand
Water & Vapor
Emissions
Ashes
Gypsum
Residues
Foreign bodies
Compost
Methane
Other gases
Total

Flow Symbol
F11
F7
F15
F16+F27+F30
F17
F18
F19
F20
F25
F28
F29
--

Annual amount (Mg/a)
162,890,500.00
2,000.00
1,415,033.60
163,006.40
23,725.00
3,285.00
450.00
835.13
18,203.00
0.77
1,946.35
164,547,125.00

Percentage
(%)
98.9932
0.0012
0.8600
0.1162
0.0144
0.0020
0.0003
0.0005
0.0111
0.0000
0.0012
100.0000
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b. Jenfelder Au: De-centralized Bio-resource Management System
For the de-centralized case scenario, literature data combined with experimental results from the AWW
are taken into consideration in order to fill in the input/output table.
The digestion of the bio-resources taking place in the CSTR has been analyzed in detail by Hertel (2014),
who has compiled an excel sheet to automatically calculate the outputs of the process when inputs are
known. Taking these as a reference Table 21 was filled. Notice that the digestate represents 99% of the
total mass, and the biogas the remaining 1%.

Table 21. Theoretical CSTR efficiency for a known substrate input (Hertel, 2014).

Substrate
Black water
Private lawn
clippings
Kitchen waste
Total

Input
V
m
DM
m³/d
Mg/d Mg /d
12.40 12.40
0.08

Output
oDM
Mg /d
0.05

NH4
g/kg
1.00

Biogas
m³/d
m³/h
26.60 1.11

Mg /d
0.02

CH4
m³/d
19.95

Sludge
Mg /d
12.38

0.14

0.20

0.07

0.05

2.22

28.49

1.19

0.03

17.09

0.17

0.15
12.69

0.50
13.10

0.20
0.36

0.10
0.20

0.80
4.00

68.00
123.09

2.83
5.13

0.07
0.13

40.80
77.84

0.43
12.97

In a turbine, the compressed intake air and biogas are ignited in the combustion chamber. The gases then
pass through the turbine at high pressure and drive the generator. The methane in the biogas is then
transformed into carbon dioxide and water vapor. This means all biogas that goes in, comes out as
emissions, while generating energy. According to literature, 1 m3 of biogas produces 5.0 – 7.5 kWh of
energy and 1.5 – 3.0 kWh of electricity. One cubic meter of methane generates 9.91 kWh (Fachagentur
Nachwachsende Rohstoffe e.V., 2011).
Regarding the separation, a study elaborated by Hjorth and collaborators (2010) reviews separation
technologies used for animal slurry treatment and the physical and chemical processes involved in
separation. As conclusion, the separation efficiency of mechanical separators for the removal of dry
matter and phosphorus is ranked as follows: centrifugation > sedimentation > non-pressurized filtration
> pressurized filtration. It is also observed that the separation of total N and NH4+ follows the same pattern,
but the separation efficiency is lower than for DM and P (Hjorth M, 2010). Due to this, centrifugation is
taken as preferred separation process.
Huhn’s report (2012) indicates that centrifuges are on average used for dry matter contents of 5.62 wt.%, but the DM collection efficiency increases with increasing DM levels in the digestate. A summary of the
separation efficiency of centrifugation is shown Figure 22. The solids poor phase, also known as fluid
phase, is where most of the nitrogen is found. Thus, the separation efficiency for TN and NH4+-N is small.
Much of the TP is bound to small particles that can be transferred only to a small extent in the solids rich
phase or solid phase. There was no correlation observed between the DM content in the digestate and
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the TP separation. It was also mentioned that the accumulation of TP in the solid phase can be influenced
by the spin speed or the duration of centrifugation (Huhn, 2012).

0%

10%

20%

Mass

50%

60%

70%

80%

100%

53%

42%

58%
77%

NH4-N

90%
15%

47%

TN

TP

40%
85%

DM
oDM

30%

23%

86%
32%

14%
68%

Fluid Phase

Solid Phase

Figure 22. Degree of separation of a centrifuge.
The ANAStrip ® process removes the ammonium (NH4 +- N) from sludge and transfers it to a concentrated
mineral fertilizer solution (ammonium sulfate 40 %), which is readily available to plants. Bauermeister and
collaborators (2009) exemplify the efficiency of the process with a theoretical calculation based on a total
of 200,000 Mg/a digestate with a NH4- N content of 0.3 %. If 90 % of the NH4- N is removed, approximately
6,350 Mg/a of a concentrated solution of ammonium sulfate with 8 to 8.5 % N could be produced (ASL
max 40 % solution). In case of crystallization, the amount decreases to about 2,570 Mg/a solid ammonium
sulfate, with 21% N content. Data of a functional plant in Bremen called BENAS Biogas Plant is also
available in the report: the inlet values of NH4-N varied from 2.9 to 4.1 g/l and were on average 3.6 g/l.
The achieved outflow values were between 0.3 and 1.1 g of NH4+-N per liter. It was also noticed that
optimization of the heat input rose the concentration of the ammonium sulfate solution produced from
initially 13 to 18% to 36-40% maximum (Bauermeister, Wild, & Meier, 2009). Based on the practical data,
for this study, a stripping efficiency of 80% will be assumed.
Finally, for the composting process, data from the BKW Bützberg GmbH was taken as reference. According
to Boisch, losses in H2O and CO2 during the composting represent approximately 60% of mass (Boisch,
2014).
All data presented here is summarized in Table 22, where the transfer coefficient of each step of the
process is identified and presented as percentage related to process output. The available bio-resources
calculated in the inventory are taken as input for the analysis.
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Table 22. Theoretical material flow of the processes within de-centralized bioresource management system in Jenfelder Au.

Input/Output

Flow Symbol

Annual amount
(Mg/a)

Percentage
(related to process
output)

Source

CSTR
Input
Black Water
Kitchen Waste
Lawn clippings
Total
Output
Biogas CSTR
Methane
Digestate
Input
Biogas CSTR
Output
Emissions
Input
Digestate
Output
Liquid Phase
Solid Phase
Input
Liquid Phase

F1
F2
F3

4,532.00
195.80
69.00
4,796.80

94.48
4.08
1.44
100.00

F4

47.97
251.96
4,748.83
Gas Turbine

1.00
5.25
99.00

47.97

100.00

F5

F4
F6

4,748.83

100.00

F7
F8

4,036.51
712.32
N-Stripping

85.00
15.00

F7

4,036.51

100.00

19.19

0.48

15.35
4,021.16
Composting

0.38
99.62

F9
F10

(Hertel, 2014)

100.00

F5

NH4+-NH3
Output
N-Fertilizer
Treated water

47.97
Separation: Centrifuge

Section 5.1.1 Bioresource inventory &
characterization

(Huhn, 2012)

(Bauermeister, Wild,
& Meier, 2009)

Input
Solid Phase

F8

712.32

100.00

Output
Compost
Emissions

F11
F12

284.93
427.39

40.00
60.00

(Boisch, 2014)
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As an overview, the input composition and output composition are summarized in Table 23 and Table 24
respectively.

Table 23. Input composition of the de-centralized case scenario.
Resource
Black Water
Kitchen Waste
Lawn Clippings
Total

Flow Symbol
F1
F2
F3
--

Annual amount
(Mg/a)
4,532.00
195.80
69.00
4,796.80

Percentage
(%)
94.48
4.08
1.44
100.00

Table 24. Output composition of the de-centralized case scenario.
Resource
Emissions
N-Fertilizer
Treated water
Compost
Total

Flow Symbol
F6+F12
F19
F10
F11
--

Annual amount
(Mg/a)
475.36
15.35
4,021.16
284.93
4,796.80

Percentage
(%)
9.91
0.32
83.83
5.94
100.00
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5.2. ASSESSMENT
5.2.1. Material Flow Analysis
Based on the information collected and analyzed on steps before, the material flow analysis of both case
scenarios was executed using the STAN freeware. In order to make both case scenarios comparable, the
input flows of the centralized bio-resource management system were calculated for 2,400 people
combined to the available bio-resources of the Jenfelder Au district (see Table 25). As input material for
the de-centralized case scenario, all available bio-resources in the Jenfelder Au residential area were taken
as input (see Table 23).
Table 25. Input composition of the centralized case scenario for a comparative
material flow analysis.

Input Bio-resource
Wastewater
Sewage water (50% of WW)
Black water (27% of SW)
Grey water (73% of SW)
Rain water (27% of WW)
Infiltration water (23% of WW)
External Residues
Ext. Residues VERA
Ext. Residues AD
Ext. Residues KETA
Bio-bins
Kitchen waste
Other
Green Waste
Total

Annual amount
(Mg/a)

Amount per
capita26
(Mg/a*PE)

Amount for
Analysis
(2,400 PE)

Percentage
(%)

164,250,000.00
82,125,000.00
22,173,750.00
59,951,250.00
44,347,500.00
37,777,500.00
248,000.00
21,000.00

91.250
45.625
12.319
33.306
24.638
20.988
0.14
0.012

193,967.00
84,467.00
4,532.0027
79,935.00
59,130.00
50,370.00
330.67
28.00

99.753
43.440
2.331
41.109
30.409
25.904
0.170
0.014

140,000.00

0.078

186.67

0.096

87,000.00
22,106.25
2,652.75
19,453.50
27,018.75
164,547,125.00

0.048
0.012
0.001
0.011
0.015
91.415

116.00
113.64
44.6428
69.0029
36.03
194,447.33

0.060
0.058
0.023
0.035
0.019
100.000

Figure 23 and Figure 24 show the material flow of each case scenario based on the input composition and
processes transfer coefficient.

26

Assumption: 1.8 million inhabitants
100% of black water available in the Jenfelder Au project
28
Calculated: Total kitchen waste available in the Jenfelder Au project * (76% in governmental treatment )* (30% in
bio-bins)
29
100% of lawn clippings available in the Jenfelder Au project
27

Figure 23. Centralized waste management system material flow analysis.
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Figure 24. De-centralized waste management system material flow analysis.
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A list of all substances recovered from both case scenarios was made. As evidenced in Table 26, the decentralized system in Jenfelder Au generates about 5 times more valuable substances when compared to
Hamburg’s centralized system. This is considerably larger, especially when taking into account that the
input amount was 40.5 times smaller. Notice that only the de-centralized case produces N-fertilizer, which
has a higher environmental and economic value in comparison to gypsum for example.

Table 26. Substantial recovery of both case scenarios based on the mass flow
analysis (in Mg).
Valuable Substance
Gypsum
Compost
Biogas or Good Gas
N-Fertilizer
Total

Centralized
Case Scenario
3.98
55.46
3.81
0.00
63.25

De-centralized
Case Scenario
0.00
284.93
47.97
15.34
348.24

5.2.2. Transport Efficiency
In this study, there are only two routes under analysis. The transport requirements associated to the
centralized case scenario are from Jenfelder Au to BKW Bützberg for the treatment of bio-bins. The decentralized case scenario requires to transport the dry sludge from Jenfelder Au to the composting plant
AWT Trittau.

5.2.2.1.

Calculation of Transport Costs

In the centralized case scenario, the total amount of bio-waste classified as bio-bin generated in the
Jenfelder Au project, which includes 30% of kitchen and 100% lawn clippings, is 113.6 Mg. To collect and
transport it twice a week represents a total amount of roughly 9,000 € spent per year.
In the de-centralized case scenario, the dry sludge generated in Jenfelder Au (J.A) bio-resource
management system would be collected in a 35 m³ container and sent once per week to the AWT Trittau
for composting. The total amount is calculated based on the theoretical sludge production shown in Table
21. From the 12.97 Mg/d expected, 15% are collected in the container (dry sludge). In total, this would
cost approximately 31,000 €. A summary can be seen in Table 27.
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Table 27. Costs associated to transport of bio-resources generated in the Jenfelder
Au residential area.
Centralized Case
J.A to Bützberg
113.6
79.0
20.0
8,974.4

Parameter
Total amount of bio-resource (Mg/a)
Collection and transport cost of 1 Mg of waste (€)
Distance from source to treatment (km)
Total cost (€/a)

5.2.2.2.

De-centralized Case
J.A to Trittau
710.1
32.0
27.0
30,676.3

CO2 Emissions due to Transport

As summarized in Table 28, a 6 wheeled garbage truck that gives service to Jenfelder Au residential area
will generate approximately 2.1 Mg of CO2 annually in order to bring the bio-waste to the BKW Bützberg
and 1.4 Mg of CO2 to move the dry sludge of the digestate to the AWT Trittau.

Table 28. CO2 emissions derived from the transportation of bio-waste.
Parameter
Total distance (km)
Annual total distance (km/a)
Total fuel consumption (l/a)
CO2 emission (Mg/a)

Centralized Case
J.A to Bützberg
20.0
4,160.0
2912.0
2.1

De-centralized Case
J.A to Trittau
27.0
2,808.0
1,965.6
1.4

5.2.3. Efficiency Analysis
Taken into consideration the results of both the mass flow and transport analysis, the total efficiency was
analyzed. As evidenced by Table 29, the de-centralized scenario shows significantly higher substantial
recovery and generates almost half of CO2 emissions when compared to the centralized case scenario.
The latter, nevertheless, implies lower expenses in transport.
Table 29. Summary of efficiency parameters of both case scenarios.

Efficiency Analysis Parameter
Substantial Recovery (Mg/a)
Transport Cost (€/a)
CO2 emission (Mg/a)

Centralized
Case Scenario
63.25
8,974.40
2.10

De-centralized
Case Scenario
348.24
30,676.32
1.40

Delta
-284.99
-21,701.92
0.70
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5.3. DOCUMENTATION
As summary, in this section all important results are presented in a total of five tables. Table 30 shows the
calculated availability of the selected bio-resources. The following table, Table 31, contains the
geographical characterization of the four points of interest for the bio-resource treatment. In Table 32 the
theoretical amount of valuable substances recovered from both centralized and de-centralized bioresource management systems is presented. The latter is the result of the material flow analysis. The
results of the transport analysis are summarized in Table 33. Finally, the three efficiency parameter
evaluated for both case scenarios are compiled in Table 34.

Table 30. Inventory and characterization of bio-resources available on site.
Bio-resource
Black water
Kitchen waste
Lawn clippings (private)
Total

Availability
(Mg)
4,532.0
195.8
69.0
4,796.8

Biogas
nl/kg oDM
500
615
550

DM
%
0.7
40
37

oDM
%DM
65
50
70

TN
%DM
23.0
2.6
2.5

TP
%DM
2.7
0.3
0.3

Table 31. Characterization of key bio-resource treatment plants.

Point of Interest
Jenfelder Au
BKW Bützberg
AWT Trittau (Buhck)
Köhlbrandhöft WWTP

Google Maps coordinates
53.581907, 10.130789
+53° 34' 54.87", +10° 7' 50.84"
53.725180, 10.101371
+53° 43' 30.65", +10° 6' 4.94"
53.612228, 10.385385
+53° 36' 44.02", +10°23'7.39"
53.537528, 9.939662
+53° 32' 15.10", +9° 56' 22.78"

Distance from
Jenfelder Au

Time

0.0 km

0 min

20.7 km

30 min

27.0 km

26 min

20.5 km

28 min
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Table 32. Substantial recovery of both case scenarios based on the mass flow
analysis (in Mg).
Centralized
Case Scenario
3.98
55.46
3.81
0.00
63.25

Valuable Substance
Gypsum
Compost
Biogas or Good Gas
N-Fertilizer
Total

De-centralized
Case Scenario
0.00
284.93
47.97
15.34
348.24

Table 33. Summary of transport efficiency of both case scenarios.
Case Scenario
Centralized
De-centralized
8,974.4
30,676.3
2.1
1.4

Transport Analysis Parameter
Transport cost (€/a)
CO2 emission (Mg/a)

Table 34. Summary of efficiency parameters of both case scenarios.

Efficiency Analysis Parameter
Substantial recovery (Mg/a)
Transport cost (€/a)
CO2 emission (Mg/a)

Centralized Case
63.25
8,974.40
2.10

De-centralized Case
348.24
30,676.32
1.40

Delta
284.99
-21,701.92
0.70
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6. CONCLUSIONS & RECOMMENDATIONS
The proposed tool for the assessment of bio-resource management systems can be implemented in any
location and to any system; under the condition that there are at least two systems to be compared. In
general, the tool proved to be effective for the assessment of the case scenarios, revealing key differences
between them and allowing the researcher to draw conclusions about their efficiency. During the
implementation of the tool it is essential to have access to data of each step within a process that takes
place in the system. Only with reliable data one can run a realistic material flow analysis. This was a big
challenge for this study, since many companies in charge of bio-resource treatment did not have recent
and exact data about their operations publicly available. The tool can be improved for a more holistic
assessment. This will be discussed later on in this chapter.
The two case scenarios taken as an example for the implementation of the tool were real bio-resource
management systems, one already in operation (centralized) and the other one under construction (decentralized). The case of Hamburg’s centralized system allowed to test the tool with genuine data which
came from actual operations. The data of the Jenfelder Au de-centralized scenario was based on
theoretical and experimental figures available. Once the system is in operation, more exact data can be
obtained. In order to have a clear understanding of the scenarios plenty of research together with
interviews was necessary. Processes are complex, interdependent and many times under the supervision
of more than one company. It is also important to notice that the results of the study only apply for a
specific point in time, since the systems are in continuous change.
Kitchen waste, lawn clippings and black water, the bio-resources selected for the study, are only some of
many available on site. Green waste, public lawn clippings, fat residues from commerce and others could
have also been taken into consideration. Therefore it is essential to keep the scope of the assessment in
mind. When implementing the tool in other locations, the selection of the key bio-resources is a task for
the researcher. This selection should meet the objectives of the study. In this study, the total amount of
these three bio-resources are not enough to feed the 750 m³ CSTR to be built in the Jenfelder Au
residential. This reveals the need for more co-substrates and also evidences that the analysis was not
100% realistic. Another aspect not taken into consideration in this study was the percentage of kitchen
waste that enters a governmental treatment system classified as residual waste. The incineration
treatment given to the residual waste in the grey bins was described in section 3.1.2.2.
Although the decision support tool is based on three steps, which make the tool simple and achievable,
during its implementation the researcher could recognize there was room for improvement. The first step,
the inventory, can be simplified. For example, there is neither the need to locate in a map all the plants,
nor to know their position coordinates or the driving time from point to point. This information is only for
the researcher to have a better overview of the system under assessment, but plays no role in the
efficiency analysis. The essential data from the treatment plant inventory is the distance between the
points of interest. The assessment section could include a key factor not taken into consideration here,
the energy flow analysis. The same processes described in this study should be compared based on their
energetic performance. Both energetic and substantial recovery yield benefits, and are taken into account
in the hierarchy of waste management described in German legislation. Because collection and
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transportation of waste plays such a big role in the costs of waste management, it was good to have
included this parameter. Especially for the de-centralized case, this transport costs can be calculated with
more exactitude. The items taken into account can also be expanded to include drainage or sewage
system costs for example. Adding costs and emissions related to construction and renovation or/and
operation and maintenance of each system would increase the value of the tool, but would also make it
more complex. Notice that this also implies the need for more data; which can become a limiting factor
as mentioned before. Finally, the efficiency analysis in this study was a qualitative assessment. This can
be substituted by a more systematic or quantitative approach.
The STAN freeware proved to be a simple and useful tool for the processes and material flow
representation. It has the advantage that it can also be used for an energy flow analysis, since there are
three layers available: goods, substance and energy. One has also the possibility to consider data
uncertainties. The calculation algorithm uses mathematical statistical tools such as data reconciliation and
error propagation.
Finally, based on the results of the tool, it can be concluded that the Jenfelder Au’s de-centralized bioresource management system is more efficient than Hamburg’s centralized bio-resource management
system, for the treatment of black water, kitchen waste and lawn clippings generated by 2,400
inhabitants; when comparing the following parameters: substantial recovery, transportation costs and
CO2 emissions due to the fuel consumption for the transportation of bio-resources.
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7. SUMMARY
Introduction
Global population growth added to the tendency of people moving from rural to urban areas allows to
forecast that the alarming amount of waste and wastewater generated annually will continue rising. These
facts, summed up to the future oil shortage, raw material scarcity and environmental and health
detriment, highlight the need to turn waste into a new source of resources. The KREIS project develops
and researches new concepts and procedures for the supply of energy and the disposal of wastewater in
urban area. Using the Hamburg Water Cycle® as the basis for the technical concept, KREIS accompanies
the realization of the Jenfelder Au urban development project. The objective of this report is to elaborate
and test a decision support model for the assessment of bio-resource management processes available in
a region, using the Jenfelder Au residential as case study, with a centralized and de-centralized scenario.
The bio-resources taken into consideration for the analysis are kitchen waste, lawn clippings and black
water.

Case Study Description
The centralized case scenario is based on the state of the art bio-resource management system taking
place in Hamburg, a service provided for the 1.8 Mio inhabitants. Bio-resources in households are
classified as residual waste and as bio-waste, collected in the grey bin and bio-bin respectively. The
Stadtreinigung Hamburg GmbH is responsible for the transportation and treatment of both. Grey bins are
incinerated for energy recovery and bio-bins are treated in the BKW Bützberg for biogas extraction and
compost generation. Residential wastewater in Hamburg, made out of black water, grey water and rain
water, is collected through the drainage system of the city and led to the Köhlbrandhöft/Dradenau
wastewater treatment plant. This plant belongs to the Hamburger Wasserwerke GmbH. Here, biogas is
generated through fermentation and energy is produced through the incineration of the sludge.
In the de-centralized case scenario the 35 ha residential area, which corresponds to the Jenfelder Au
project, will provide shelter for approximately 3,000 inhabitants. 80% of the households will be connected
to the vacuum flushing system for the collection and transportation of black water. The rest will make use
Hamburg’s centralized bio-resource management system. These 2,400 people will also have a Food Waste
Disposer available at home, for the collection of kitchen waste. This waste, together with the lawn
clippings generated in the private green areas will be used as co-substrate for the fermentation of the
black water into biogas in a 750 m3 CSTR. The sludge will be dried and composted for substantial recovery.

Methodology
The 3 step tool for the assessment of the bio-resource management systems includes as a first step data
generation, compilation and preparation; a second step for the analysis of the data and a last step for the
documentation of the process undertaken. For details refer to Figure 25.
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I. INVENTORY
1. Bio-resource inventory &
characterization
a. Black water
b. Kitchen waste
c. Lawn clippings
2. Treatment plants inventory &
characterization
a. Location
b. Processes
c. Material flow

II. ASSESSMENT

III. DOCUMENTATION

1. Material flow analysis

1. Inventory of bio-resources

2. Transport analysis
a. Transport costs
b. CO2 emissions

2. Key treatment plants
3. Substantial recovery

3. Efficiency analysis

4. Transport analysis summary
5. Total efficiency summary

Figure 25. Proposed decision support tool in a glance.

Results & Products
The results from the implementation of the tool described above are summarized in Table 34. From the
material flow analysis the substantial recovery was identified. Notice that the de-centralized case enables
the recovery of 5 times more material when compared to the centralized case. In the transport analysis,
both cases displayed an advantage; be it lower costs in the centralized case or lower CO2 emissions in the
de-centralized case.
Table 34. Summary of efficiency parameters of both case scenarios.

Efficiency Analysis Parameter
Substantial recovery (Mg/a)
Transport cost (€/a)
CO2 emission (Mg/a)

Centralized Case
63.25
8,974.40
2.10

De-centralized Case
348.24
30,676.32
1.40

Delta
284.99
-21,701.92
0.70

Conclusions & Recommendations
It can be concluded that Jenfelder Au’s de-centralized bio-resource management system is more efficient
than Hamburg’s system, for the treatment of black water, kitchen waste and lawn clippings generated by
2,400 inhabitants; when comparing the following parameters: substantial recovery, transportation costs
and CO2 emissions due to transport of bio-resources.
The tool here proposed and implemented can be improved for a more holistic assessment, starting with
the addition of an energy flow analysis. Transport costs can be calculated with more exactitude, especially
for the de-centralized case and can also be widen up to include drainage or sewage system costs for
example. More exact and complete data also applies for the calculation of CO2 emissions.

P a g e | 71

8. REFERENCES
Alp, Ö. (2010). Further Treatment of Digested Blackwater for Extraction of Valuable Components.
University of Technology of Hamburg, Institute of Wastewater Management and Water
Protection. Hamburg, Germany: Gesellschaft zur Förderung und Entwicklung der
Umwelttechnologien an der Technischen.
Arbeitsgemeinschaft Verbrauchs- und Medienanalyse (2014). Anzahl der Personen in Deutschland, die
einen Garten besitzen, von 2010 bis 2013. Retrieved May 25th, 2014, from statista:
http://de.statista.com/statistik/daten/studie/171446/umfrage/besitz-eines-gartens/
Bauermeister, U., Wild, A., & Meier, T. (2009). Stickstofftrennung mit dem ANAStrip-Verfahren System
GNS. Halle, Germany: Gesellschaft für Nachhaltige Stoffnutzung mbH. Retrieved May 20th,
2014, from http://www.anaklaer.com/Vortrag_Gulzower_Fachgesprach.pdf
Behörde für Wirtschaft und Arbeit (n.d.). Plan der Freien und Hansestadt Hamburg zur Entwicklung des
Ländlichen Raums für den Zeitraum 2007 bis 2013 gemäß VO (EG) Nr. 1698/2005. Retrieved
from http://www.stadt-land-fluss-hamburg.de/fileadmin/media/downloads/EPLR_HH_20072013_Kapitel_1-16_13.09.2007_oF.pdf
Berger, R. (2012, September). Prognose zum Marktvolumen der Abwasserentsorgung in Deutschland in
den Jahren 2011 bis 2025 (in Millionen Euro). (N. u. Bundesministerium für Umwelt, Editor)
Retrieved May 9th, 2014, from Statista:
http://de.statista.com/statistik/daten/studie/243865/umfrage/prognose-zum-marktvolumender-abwasserentsorgung-in-deutschland/
Bezirksamt Wandsbek (2012). Bebauungsplan Jenfeld 23. Hamburg, Germany: Freie und Hansestadt
Hamburg.
BMU (2006). Waste Management in Germany: A driving force for jobs and innovation. Berlin, Germany:
Federal Ministry for the Environment, Nature Conservation and Nucleat Safety.
BMU (2011). Germany closed-loop waste management. Public Relations Division. Berlin, Germany:
Federal Ministry for the Environment, Nature Conservation and Nuclear Safety.
BMU (2011). Recovering wastes – conserving. Berlin, Germany: Federal Ministry for the Environment,
Nature COnservation and Nuclear Safety.
BMU (2011). Water Management in Germany. Water supply - Waste Water Disposal. Federal Ministry of
the Environmnet, Nature Conservation and Nuclear Safety, Public Relations Division, Berlin,
Germany.
Bocksch, M. (2006, June). Rasenschnittgut - "Fluch oder Segen"? (Rasenthema: Juni 2006). Eltville,
Germany: Deutsche Rasengesellschaft e.V. Retrieved March 25th, 2014, from
http://www.rasengesellschaft.de/content/rasenthema/2006/06.php

P a g e | 72
Boisch, D. A. (2014, May 10th). Performance of the BKW Bützberg plant. Director of BKW-Bützberg. (A.
Agüero, Interviewer) Hamburg, Germany.
Burda Community Network GmbH (2008, October). Was für eine Art von Garten haben Sie? Retrieved
May 2nd, 2014, from statista:
http://de.statista.com/statistik/daten/studie/174837/umfrage/art-des-gartens/
CECED (2003). Food Waste Disposers: An integral part of the EU’s future waste management strategy.
Brussels, Belgium: European Committee of Manufacturers of Domestic Appliances (CECED).
Chandak, S. P. (2010). Trends in Solid Waste Management: Issues, Challenges and Opportunities.
International Consultative Meeting on Expanding Waste Management Services in Developing
Countries. United Nations Environment Programme, Tokio, Japan.
E.ON Energy from Waste Stapelfeld GmbH (2012). Stapelfeld: Saubere Energie und Naturschutz Tür an
Tür. Hamburg, Germany: E.ON Energy from Waste Stapelfeld GmbH.
ecoscore (2014). ecoscore. Retrieved March 12, 2014, from How to calculate the CO2 emission level
from the fuel consumption?: http://www.ecoscore.be/en
ESRI (2014, April 15th). What is GIS? Retrieved from Undestanding GIS. Esri: http://www.esri.com/whatis-gis
European Commission (2013). Seventh Report on the Implementation of the Urban Waste Water
Treatment Directive (91/271/EEC). Brussels: The European Commission. Retrieved April 3rd,
2014, from http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2013:0574:FIN:EN:PDF
European Commission (2014, April 30th). Directive 2008/98/EC on waste (Waste Framework Directive).
Retrieved May 8th, 2014, from Environment:
http://ec.europa.eu/environment/waste/framework/
European Parliament (1991). Council Directive of 21 May 1991 concerning urban waste water treatment
(91/271/EEC). Official Journal of the European Communities, 41. Retrieved April 30th, 2014,
from http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31991L0271&from=EN
European Parliament (2008, November 22nd). Directive 2008/98/EC on waste. Official Journal of the
European Union, 9. Retrieved August 25th, 2013, from http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2008:312:0003:0030:EN:PDF
Fachagentur Nachwachsende Rohstoffe e.V. (2011). Basisdaten Bioenergie Deutschland. Gülzow-Prüzen,
Germany: Federal Ministry of Food and Agriculture.
Flerlage, J. M. (2012). GIS-basierte Analyse des Biogaspotentials. Bachelor Thesis. University of
Technology of Hamburg, Institut für Abwasserwirtschaft und Gewässerschutz. Hamburg,
Germany. Retrieved April 3rd, 2014
GfK Haus- und Gartenmonitor (2009). Durchschnittliche Gartengrößen in Europa im Jahr 2008. Retrieved
from Statista: http://de.statista.com/statistik/daten/studie/20260/umfrage/gartengroesse-ineuropa-in-2008-im-vergleich/

P a g e | 73
Hamburger Wasserwerke GmbH (n.d.). Köhlbrandhöft/Dradenau: Abwasserbehandlung auf höchstem
Niveau. Retrieved April 28th, 2014, from Abwasserbehandlung:
http://www.hamburgwasser.de/abwasserbehandlung.html
Hertel, S. (2013). Demonstrationsvorhaben Jenferlder Au: KREIS. University of Technology of Hamburg,
Institute for Wastewater Management and Water Protection. Hamburg, Germany.
Hertel, S. (2014, April 16). Stoffströme-Inputwerte. University of Technology of Hamburg, Institute for
Wastewater Management and Water Protection. (A. Agüero, Interviewer)
Hjorth M, C. K. (2010). Solid–liquid separation of animal slurry in theory and practice. A review.
Agronomy for Sustainable Development, 153-180.
Hoornweg, D., & Bhada-Tata, P. (2012). What a Waste: A Global Review of Solid Waste Management.
The Word Bank. Retrieved August 25th, 2013, from
http://siteresources.worldbank.org/INTURBANDEVELOPMENT/Resources/3363871334852610766/Chap3.pdf
Huhn, J.-P. (2012). Erstellung und Vergleich von Szenarien zur G•arrestverwertung. Master's Thesis.
University of Technology of Hamburg, Institute for Wastewater Management and Water
Protection. Hamburg, Germany.
Ina Körner, S. H. (2013). Schwarzwasser von Vakuumtoiletten zur Biogaserzeugung - Aspekte zur
Integration in ein Bauprojekt unter besonderer Berücksichtigung von Co-Substraten. University of
Technology of Hamburg. Hamburg, Germany.
Kranert, P. D. (2012). Determination of discarded food and proposals for a minimization of food wastage
in Germany. Federal Ministry of Food, Agriculture and Consumer Protection. Stuttgart,
Germany: University of Stuttgart.
KREIS Forschungsverbundprojekt. (2013). The Jenfelder Au building project. Retrieved August 25th, 2013,
from KREIS Project: http://www.kreis-jenfeld.de/projekt.html
Lazic, D. (2014). Methodology for Gis-Based Bioresource Inventory Shown on two Case Studies - Jenfelder
Au in Germany and Beočin in Serbia. Technical University of Hamburg-Harburg, Institute of
Wastewater Management and Water Protection. Hamburg, Germany.
Müllverwertung Borsigstraße GmbH (2013). Umwelterklärung 2013. Hamburg, Germany:
Müllverwertung Borsigstraße GmbH. Retrieved from http://www.mvb-hh.de/?page_id=9
Müllverwertung Rugenberger Damm GmbH (2013). Umweltbericht MVR Rugenberger Damm 2013.
Hamburg, Germany: Müllverwertung Rugenberger Damm GmbH. Retrieved from
http://www.mvr-hh.de/fileadmin/user_upload/2013/MVR2013_Umweltbericht_EN_ebook.pdf
Nonn, H. (2008). Schnittgutanfall von Gebrauchsrasenmischungen. Germany: Deutsche
Rasengesellschaft e.V. Retrieved from
http://www.rasengesellschaft.de/content/rasenthema/2008/07.php

P a g e | 74
Oldenburg, S. (2009). Inventur der organischen Abfälle im Bezirk Bergedorf. Diplomarbeit. Technical
University of Hamburg-Harburg, Institute of Wastewater Management and Water Protection.
Hamburg, Germany.
Otterpohl, R. A. (1999). Source control in urban sanitation and waste management: ten systems with
reuse of resources. Water Science and Technology, 39(5), 153-160.
Schurig, H. (2014, May 10th). Performance of the WWTP Köhlbrandhoft / Dradenau. Department of
Sewage Treatment. (A. Agüero, Interviewer) Hamburg, Germany.
Siechau, R. (2013). Biowaste Treament in Hamburg, Germany. Hamburg, Germany: Stadtreinigung
Hamburg GmbH.
Siechau, R. (2013, August). Waste Management in Hamburg. CEO of Stadreinigung Hamburg GmbH (A.
Agüero, Interviewer)
Stadtreinigung Hamburg GmbH (n.d.). Natur pur - Biogas- und Kompostwerk Bützberg. Retrieved January
15th, 2014, from http://www.stadtreinigunghh.de/srhh/opencms/ueberuns/unternehmen/kompostwerk/
Stadtrenigung Hamburg GmbH (2014). Feuer und Flamme für die Umwelt - MVA Stellinger Moor.
Retrieved May 8th, 2014, from Müllverbrennung: http://www.stadtreinigunghh.de/srhh/opencms/ueberuns/unternehmen/muellverbrennung/
Statista (2013). Verwendung von Trinkwasser in deutschen Haushalten im Jahr 2012 nach
Verwendungsart. Retrieved from
http://de.statista.com/statistik/daten/studie/12351/umfrage/trinkwasserverwendung-indeutschen-haushalten/
Statistisches Bundesamt (2013). Anzahl der Beschäftigten in der Abwasserentsorgung* in Deutschland in
den Jahren 2008 bis 2011. Retrieved May 8th, 2014, from Statista:
http://de.statista.com/statistik/daten/studie/259542/umfrage/beschaeftigtenzah-derabwasserentsorgung-in-deutschland/
Statistisches Bundesamt (2013). Anzahl der Unternehmen in der Abwasserentsorgung* in Deutschland in
den Jahren 2008 bis 2011. Retrieved May 8th, 2014, from Statista:
http://de.statista.com/statistik/daten/studie/259544/umfrage/unternehmenszahl-in-derabwasserentsorgung-in-deutschland/
Statistisches Bundesamt (2013). Erhebung über Haushaltsabfälle (bei den offentlich-rechtlichen
Entsorgungsträgern). Wiesbaden.
Statistisches Bundesamt (2010). Wasserwirtschaft. Retrieved from Zahlen und Fakten. Umwelt:
https://www.destatis.de/DE/ZahlenFakten/GesamtwirtschaftUmwelt/Umwelt/Umweltstatistisc
heErhebungen/Wasserwirtschaft/Tabellen/Abwasserentsorgung_2010.html
Statistisches Bundesamt (2010). Wasserwirtschaft. Retrieved from Zahlen und Fakten. Umwelt:
https://www.destatis.de/DE/ZahlenFakten/GesamtwirtschaftUmwelt/Umwelt/Umweltstatistisc
heErhebungen/Wasserwirtschaft/Tabellen/Wasserabgabe1991_2010.html

P a g e | 75
Statistisches Bundesamt (2013, August). Zusammensetzung der Abwassermenge in öffentlichen
Abwasserbehandlungsanlagen in Deutschland im Jahr 2010. Retrieved May 8th, 2014, from
Statista: http://de.statista.com/statistik/daten/studie/269060/umfrage/abwassermenge-indeutschland-nach-abwasserart/
UNEP (2012). GEO 5 Global Environmet Outlook. Summary for Policy Makers. Retrieved August 15th,
2013, from http://www.unep.org/geo/pdfs/GEO5_SPM_English.pdf
UNEP (2012). Waste: Investing in energy and resource efficiency. Towards a Green Economy. Retrieved
August 25th, 2013, from
http://www.unep.org/greeneconomy/Portals/88/documents/ger/GER_8_Waste.pdf
UNESCO (2003). The United Nations World Water Development Report. Paris, France. Retrieved August
25th, 2013, from http://unesdoc.unesco.org/images/0012/001295/129556e.pdf
UNESCO (2012). The United Nations World Water Development Report 4. Volume 1, Paris, France.
Retrieved August 25th, 2013, from
http://unesdoc.unesco.org/images/0021/002156/215644e.pdf
Vienna University of Technology (2012). Stan2web. Retrieved from About Stan:
http://www.stan2web.net/
Wendland, C. (2008). Anaerobic Digestion of Blackwater and Kitchen Refuse. Promotionsausschuss.
University of Hamburg-Harburg, Institute of Wastewater Management and Water Protection.
Hamburg, Germany: Gesellschaft zur Förderung und Entwicklung der Umwelttechnologien an
der Technischen Universität Hamburg-Harburg e.V.

P a g e | 76

9. APPENDIX
GIS PROTOCOL

General tips for a good start
a. Turn on the PC and log in the AWW – BIEM account
b. Make sure the PC is connected to the Internet (this ensures the access to GIS software licenses)
c. All the documents have to be saved under (F:\) directory. For this, the external hard drive (TOSHIBA
brand) has to be connected to the computer.
d. The database is found in ArcCatalog10
e. To work on maps and layers the ArcMap10 is used

Guideline for tasks execution
1. Creation of a new layer from existing maps
1.1. Open the desired map in ArcMap 10
Tip: When a map is opened in ArcMap 10, the layers that comprise this map are shown in a toolbar on the
left hand side. From existing maps, specific data can be selected for different uses, and for that new layers
can be created.
a.
b.
c.
d.

Open ArcMap 10
Select “File“ from the top toolbar
Select “Open”
Browse (F:\) for the desired document and make a double click on it to open it

e.g.
Toshiba (F:\)
Verkehr Hamburg
Verkehr.mxd (ESRI ArcMap Document)
1.2. Option 1. Selection of a group of polygons by attribute from the original data
a. Make a right click on the name of the selected layer in the left toolbar  a new small window will
appear.
b. Select “Open Attribute Table”  a new window will appear with a table that contains the description
of each item drawn on the map layer. Each column in the table is an attribute of the item, and the
options under each column are the categories within the attribute.
c. On the top toolbar select “Select by Attribute”  a new small window will appear.
d. Click on the attribute you are interested e.g. “GRUPPE”:
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e. If you are interested in one category of the attribute use an EQUAL (=) function: e.g. if the category is
E, the function should look like: “GRUPPE” = ‘E’ – notice the space between the = symbol and the text,
as well as the different quote marks.
f. If you are interested in several categories of the attribute use an OR functions:
“GRUPPE” = ‘E’ OR “GRUPPE” = ‘B’ – notice the space between the OR and the text.
g. If you want to start a new selection click on “CLEAR” before you start.
h. If you are finished click on “Apply”. Now all items selected are colored light blue in the Table of
Attributes and in the Map.
i. Click on “Close”.
1.3. Option 2. Manual selection of a group of polygons from the original data
a.
b.
c.
d.
e.
f.

Click on “Editor” in the top toolbar
Click on “Start Editing”
Select the layer and click on “Continue”
Select “Selection arrow”
Make a right click on the polygon of interest
Press “Shift” and continue selecting the rest of the polygons

1.4. Creation of a new layer with the selected data
a. Once the data is select (via attribute or manually) make a right click on the layer where the information
originally comes from  a new small window will appear.
b. Select “Selection”
c. Select “Create layer from selected features”. The new layer will appear in the left hand toolbar
d. Save the new layer in F:\ directory by making a right click on the new layer´s name and selecting “Save
layer as file”  A new window will appear
e. Name the layer and close the window.

2. Creation of new points on a map layer
2.1. Create a new layer (shapefile = .shp)
a. Open ArcCatalog 10
On the left hand the sources of data are presented. Select the folder where the new shapefile will be stored.
In our examples, it is F:\ “Verkehr Hamburg”
b. Make a right click on the folder  a new small window will appear
c. Select “New”
d. Select “Shapefile”  a new small window will appear. Fill in the following information:
a. Name: “Name” (give a name to the new shapefile)
b. Feature Type: Point
c. Description: Coordinates
i. Select “Edit”
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ii.
iii.
iv.
v.
vi.

Click on “Select”
Click on “National Grids”
Click on “Germany”
Select “Gauss Zone 3”
Select “Add” and “OK”

b. Select “Apply”
e. Select “Ok” to finish.
2.2. Open the new layer in a map
a.
b.
c.
d.

Open ArcMap 10
Select “Add Data” from the top toolbar and “Add Data” again.
Browse: “Name”.shp and select it by doing a double click
The new layer will appear in the toolbar on the left hand side.

2.3. Create the points in the map layer
a. Look for the “Editor” in the top toolbar and select it  a new small window will appear
b. Select “Start Editing”  a new small window will appear.
a. Select the layer where the new points will be: e.g. “Name”
b. Press “Ok”
c. Press “Continue”
c. Notice a new window on the right hand side.
d. Click “See construction tools”
e. Click “Point”
f. Make a right click on map  a new small window will appear
g. Select “Absolute x,y” scrolling down the options with the keyboard (not the mouse)
h. Add coordinates of the point
i. Press Enter
j. To save a point look for the “Editor” in the top toolbar and select it  a new small window will
appear  select “Save Edits”. Tip: remember to save after each input. In case of an error one just
doesn’t save the last step and opens the file again.
k. When finished look for the “Editor” in the top toolbar and select it  a new small window will
appear  select “Stop editing”.

3. Adding an attribute to a map´s items
Tip: before starting, make sure the “Editor” function is not active. Look for “Editor” in the top toolbar  a
small window will appear. Click on “Stop Editing”.
3.1. Add field in Table of Attributes
a. Open the map in ArcMap 10
a. Open ArcMap 10

P a g e | 79

b.
c.
d.
e.

f.

b. Look for the icon “Open” and double click on it
c. Browse for the map or layer of interest
Look for the layer in the toolbar on the left hand side
Make a right click on the selected layer´s name  a new small window will appear
Select “Open Attribute Table”  a new window will appear with a table that contains the
description of each item drawn on the map. Each column in the table is an attribute of the item.
Look on the top toolbar of the new window and select the option “Table Options” and “Add field”.
Fill in the following information:
a. Name: “Name”
b. Type: Text or Double (numbers)
Press “Ok”

3.2. Edit information in the Attribute Table
a. Look for the “Editor” in the top toolbar and select it  a new small window will appear
b. Select “Start Editing”  a new small window will appear.
a. Select the layer where the new points will be: e.g. “Name”
b. Press “Ok”
c. Press “Continue”.
c. Select “Edit arrow” that is located in the top toolbar
d. With the mouse select the point on the map that will be edited. A new table on the right hand side
will appear.
e. Select “Attributes” icon on top toolbar
f. Change information of the item in the attribute table: e.g. Name.
g. To save look for the “Editor” in the top toolbar and select it  a new small window will appear 
select “Save Edits”. Tip: remember to save after each input. In case of an error one just doesn’t
save the last step and opens the file again.
h. When finished look for the “Editor” in the top toolbar and select it  a new small window will
appear  select “Stop editing”.

4. Creation of a new polygon in an existing map layer
a. Open the map layer in ArcMap 10
a. Open ArcMap 10
b. Look for the icon “Open” and double click on it
c. Browse for the map or layer of interest
b. Look for the “Editor” icon in the top toolbar and select it  a new small window will appear
c. Select “Start Editing”  a new small window will appear.
a. Select the layer where the new polygon is desired to be: e.g. “Name”
b. Press “Ok”
c. Press “Continue”
d. A new window will appear to the right. Click on the layer where the new polygon will be saved.
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e. Select “Polygon” from Construction Tools on the bottom of this new window. Now the new polygon
can be drawn in the map.
f. Draw the first point of the polygon by making a left click on the map
g. Continue with left clicks until finishing the desired shape. Make a double click when it is finished.
h. Save the polygon:
a. Look for the “Editor” icon in the top toolbar and select it  a new small window will appear
b. Select “Save Editing”

5. Network Analyst
5.1. Create a new layer
a. Open ArcCatalog 10
On the left hand the sources of data are presented. Select the folder where the new layer (shapefile
= .shp) will be stored.
b. Make a right click on the folder  a new small window will appear
c. Select “New” and “Shapefile”  a new small window will appear. Fill in the following information:
a. Name: “Streets” (give a name to the new shapefile)
b. Type: Polyline
c. Description: Coordinates
i. Select “Edit”
ii. Click on “Select”
iii. Click on “National Grids”
iv. Click on “Germany”
v. Select “Gauss Zone 3”
vi. Select “Add” and “OK”
d. Select “Continue”
d. Select “Ok” to finish.
5.2. Create the polylines that represent the streets
a. Open the new layer in ArcMap 10
a. Open ArcMap 10
b. Select “Add Data” from the top toolbar and “Add Data” again.
c. Browse for Street.shp and select it by doing a double click
d. The new layer will appear in the toolbar on the left hand side.
b. Select scale (1:1000) in the top toolbar
c. Include the lines by editing the layer
a. Look for the “Editor” icon in the top toolbar and select it  a new small window will appear
b. Select “Start Editing”  a new window will appear to the right
c. Select the layer in this new window
d. Select “Line” in the Construction Tools on the bottom of the new window. Now all lines of
the network can be drawn.
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e. Draw all the lines in the map that represent streets
d. Save the lines
a. Look for the “Editor” icon in the top toolbar and select it  a new small window will appear
b. Select “Save Edits” and “Stop Editing”
e. Save the map
a. Look for the “Save” icon in the top toolbar
b. Save document as (.mxd)
5.3. Activate Network Analyst function in GIS
a.
b.
c.
d.
e.
f.

This procedure is necessary for both ArcMap 10 and ArcCatalog 10. Same procedure.
Open ArcMap 10 / ArcCatalog 10
Click on “Customize” in the top toolbar
Select “Extensions”
Activate box: Network Analyst
Select “Close”

5.4. Network Analysis steps in ArcCatalog 10
a.
b.
c.
d.

Open ArcCatalog 10
Look for the layer where the lines have been saved in the left toolbar (“Name”.shp)
Make a right click on “Name”.shp  a small new window will appear
Click on “New Network Analysis” and follow steps  a new window will open
a. Select “Continue”
b. Select “Yes”
c. Select “Continue”
d. Select “Continue”
e. Select “Continue” (Check that the option is “None”)
e. Select “Add” and fill in the following information:
a. Name: distance
b. Cost
c. Meters
d. Data type: double
e. Select “Ok”
f. Select again “Add” and fill in the following information:
a. Name: time
b. Cost
c. Minutes
d. Data type: double
e. Select “Ok”
The reason why these 2 aspects are added is because distance = speed * time. So the two factors are
necessary in order for GIS to perform the calculations.
g. Click in the right hand side toolbar of the window the option “Evaluators”
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a. Click in “Attribute: distance” and fill in the following information:
a. Type: Field
b. Value: shape
c. Fill in the same information for both
d. Click on “Apply”
h. Click in “Attribute: time” and fill in the following information:
a. Type: Function
b. Value: click on Evaluator Properties button on right hand side.
i. Attribute: distance
ii. Operation: /
iii. Parameter: 80
iv. Same for both
v. Apply
i. Select “Continue” (Verify that the option is “No”)
j. Select “Continue”
k. Select “Finish”
5.5. Network Analyst steps in ArcMap 10
a. Open ArcMap 10
b. Add the layer with the polylines created before (.nd)
a. Select “Add Data” from the top toolbar and “Add Data” again.
b. Browse for “Name”.nd and select it by doing a double click
c. The new layer will appear in the toolbar on the left hand side.
c. Click on “Network Analyst” from the top toolbar
d. Select “New Vehicle Routing Problem”
e. Click on “Show/Hide Network Analyst” button (1 space to the right from Network Analyst) a new
window will appear in the right hand side. Fill in the following information:
a. Orders
i. Click on Create Network location tool button (2 spaces to the right from Network
Analyst)
ii. Add the points of interest in the map with left clicks (e.g. treatment plants)
b. Depots (start and end points)
i. Click on the map where the starting point and ending point are. They could be the
same. (e.g. starting point: Jenfelder Au)
c. Routes
i. Right click: add item
ii. Name: “Name” (the group of points in one route)
i. Select start: one Depot
ii. Select end: one Depot
iii. Select “Ok”
f. Click on “Vehicle Routing Problem Properties” button on the right hand side
g. Select “Analysis Setting”
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h.
i.
j.
k.

Select time: “time” the attribute added before
Select “Ok”
Click on “Solve” button (4 spaces to the right from Network Analyst)
The solution with the fastest route is shown on the map.

