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Resource recovery from wastewater in Austria:
wastewater treatment plants as regional energy cells
F. Kretschmer, G. Neugebauer, R. Kollmann, M. Eder, F. Zach, A. Zottl,
M. Narodoslawsky, G. Stoeglehner and T. Ertl

ABSTRACT
Although the main function of a wastewater treatment plant (WWTP) is to remove various
constituents from wastewater it can also serve as a source of energy and other materials. The
generated resources can be used either on-site at the WWTP or elsewhere at an adjacent
infrastructure. In the course of a current national research project, the possibilities and potentials
regarding the integration of WWTPs into local energy supply concepts are being investigated in
Austria. Preliminary results show that in particular the amount of thermal energy available exceeds
by far the on-site demands of WWTPs. Even on-site electrical energy demands could be selfaddressed under certain conditions. This paper describes the estimation of total energy consumption
and generation and the related degree of energetic self-sufﬁciency at certain Austrian WWTPs.
Preliminary results regarding the development of a tool for evaluating and optimising on-site and
externally supplied use of energy are presented. Finally, the possibilities of energy supply for
neighbouring spatial structures are discussed brieﬂy and conclusions drawn about the potential to
develop WWTPs as regional energy cells.
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INTRODUCTION
To strengthen the competitiveness of the European Union

et al. ; Mo & Zhang ; Batstone et al. ; Gude

and its Member States in a fast changing world, the Euro-

). Wastewater basically contains two different types of

pean Commission (n.d.) deﬁnes ﬁve strategic targets to be

energy (Frijns et al. ): chemical energy in the form of

reached by 2020. Regarding the issues of climate change

carbon compounds, and thermal energy from urban waste-

and energy sustainability, the sub-targets are as follows:

water discharge. Today the use of chemical energy for

greenhouse gas emissions must be 20% lower than 1990,

biogas generation during anaerobic sludge treatment is

20% of the consumed energy has to come from renewable

implemented at several wastewater treatment plants

sources and energy efﬁciency has to be increased by 20%.

(WWTPs) where provision of electrical and thermal

In the search for renewable and climate-friendly energy

energy can be achieved by cogenerating the biogas in com-

sources, wastewater has come into view of science and prac-

bined heat and power systems (Mo & Zhang ; Nowak

tice. International research is focusing more and more on

et al. ). The application of this technology is obviously

energy and resource recovery from wastewater (Rulkens

limited to WWTPs equipped with digester towers. The use

; Verstraete et al. ; Stillwell et al. ; McCarty

of the thermal heat content of wastewater by means of
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heat exchangers and heat pumps is still not very common,

of possibilities for energy generation at hand raises the ques-

and application is limited to a handful of countries with

tion of the most appropriate and economical technology.

about 500 estimated applications worldwide (Mo & Zhang

Today, no adequate evaluation tool is available for this pur-

), mainly located in Switzerland, Germany and Scandi-

pose. Furthermore, WWTPs are usually just seen as regional

navia (Hepbasli et al. ). The use of the thermal energy

energy consumers. Applying multiple technologies for

content of wastewater can take place at different locations

energy recovery from wastewater and energy generation in

in the wastewater infrastructure: in-house (Meggers & Lei-

general might lead to a surplus of energy at WWTPs. In

bundgut ), in the sewer systems (Dürrenmatt &

this case, WWTPs could serve as regional energy cells pro-

Wanner ) and in the efﬂuent of a WWTP (Chae &

viding adjacent infrastructure with electricity and/or heat.

Kang ). In contrast, the possible location for the use of

However, an evaluation will be necessary to deﬁne the

chemical energy is restricted to WWTPs as the digestion

most appropriate and economic way for the integration of

towers are situated there. Furthermore, WWTPs can also

WWTPs into regional energy supply concepts. It has to be

be an adequate location for additional energy generation:

mentioned that not only technical and operational data con-

mechanical energy from hydro-power installations in the

cerning the WWTPs have to be considered, but also

treated efﬂuent and wind power installations within the pre-

information on spatial structures in the adjacent area.

mises of the WWTP, as well as solar energy from

In April 2013, a national 3-year research project focus-

photovoltaic and solar thermic installations on the vacant

ing on the integration of wastewater infrastructure into

surfaces of a WWTP (Chae & Kang ; Mo & Zhang

regional energy supply concepts was launched in Austria.

). These technologies are not connected to the type of

The main goals of the project are the following: estimation

sludge stabilisation, and could be implemented at any

of the energetic potential from Austrian wastewater infra-

WWTP. The fact that WWTPs may concentrate different

structure,

sources of energy on a single location can allow them to

development of a tool for evaluating and optimising on-site

considering

aspects

of

spatial

planning;

play a central role within the wastewater infrastructure

and externally supplied material and energy ﬂows of

from an energetic point of view.

WWTPs to integrate WWTPs into regional energy supply

Besides energy generation from wastewater in general,
the energetic optimisation of WWTPs towards self-sufﬁ-

concepts; and practical application of the tool at three different case studies.

ciency (energetic independency) is being addressed in

The paper will focus on two different aspects. First, a

recent international literature (Kind & Levy ; Nowak

rough estimation of the available electrical and thermal

et al. ). Today, WWTPs (especially those with aerobic

potential at Austrian WWTPs with anaerobic sludge treat-

sludge treatment) strongly depend on an external energy

ment will be carried out. Based on this estimation, the

supply (electricity, natural gas, etc.). According to Lindtner

achievable degrees of electrical and thermal self-sufﬁciency

(), electricity is needed for the wastewater treatment

and thus the potential quantities of surplus energy will be

process (inﬂow pumping station, mechanical pre-treatment,

described. Second, preliminary results regarding the develop-

biological treatment), sludge treatment (mechanical thicken-

ment of the tool for evaluating and optimising on-site and

ing, possibly digestion, dewatering) and for infrastructure

externally supplied use of energy (optimisation of material

(heating, light, etc.). Thermal energy is needed for infrastruc-

and energy ﬂows in WWTPs, respectively) will be presented.

ture (heating of buildings, hot water production) and sludge
treatment (pre-heating of sludge, digester heating, compensation of transmission losses). One possibility to reduce

MATERIAL AND METHODS

energy demand is to optimise machinery use and operational processes in the WWTPs (Panepinto et al. ).

Energy consumption and generation of WWTPs

Another possibility is to intensify on-site energy generation
at the WWTPs beyond the common combined heat and

In 2010 in Austria there were 1,841 WWTPs larger than 50

power systems (Mo & Zhang ). Having a multiplicity

population equivalent (PE). Those WWTPs have a total
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made analogously:

wastewater volume was about 1,061 million m³ per year.
Out of the total number of WWTPs, 635 have a capacity

EGelDG ¼ PE × GFelDG

(3)

EGthDG ¼ PE × GFthDG

(4)

of 2,000 PE or more (BMLFUW , ). Industrial
WWTPs and the related wastewater volumes are not
considered.
To get a ﬁrst impression of the energetic potential with
respect to the integration of WWTPs into regional energy
supply concepts, the energy consumption (electricity, heat)
and generation (electricity, heat) of certain Austrian
WWTPs will be estimated. One basis for this estimation
will be the standard ranges of energy consumption and generation at Austrian WWTPs from Lindtner () given in
Table 1.
Regarding thermal energy, the data in Table 1 consider
only the heat generated from digester gas. It does not contain

the

thermal

energy

from

(treated)

For the estimation of thermal energy potential based on
wastewater heat recovery from the efﬂuent of WWTPs, the
following approach has been applied: the thermal potential
(EGHR) is the product of the total wastewater ﬂow (VWW),
the speciﬁc thermal capacity of water (c), the cooling of
the wastewater (ΔT) and the full-load operating time of the
applied heat pump (OT).
EGHR ¼ VWW × c × ΔT × OT

(5)

wastewater.

However, as the total wastewater ﬂow for Austria as well

Depending on the seasonal performance factor (COP) of

as the speciﬁc thermal capacity of (waste-) water is known,

the applied heat pump, the thermal potential (EGHR-HP) can

estimations can be carried out. For the estimation of

even be increased by taking the electrical energy of the heat

energy consumption the following approach has been

pump into account:

applied: total electrical, respectively, thermal energy consumption at WWTPs (ECel, ECth) is the product of the

EGHRHP ¼ EGHR × COP=(COP  1)

(6)

current load of the WWTPs in PE and an electrical, respectively, thermal consumption factor (CFel, CFth) derived from
Optimisation of energy ﬂows of WWTPs

the data given in Table 1.
ECel ¼ PE × CFel

(1)

As mentioned above, WWTPs may not only serve as consumers, but also as providers of certain types of energy and

ECth ¼ PE × CFth

(2)

other resources. In the sense of an efﬁcient (energetic) operation of a WWTP, optimisation at the detailed level of

The estimation of the total energy generation at WWTPs
based on the use of digester gas (EGel-DG, EGth-DG) will be

machinery use and operational processes is one important
aspect. However, another crucial task is to optimise the
different energy ﬂows (and other resources) at superior
system level. In this regard, both internal (on-site) as well

Table 1

|

Standard ranges of energy consumption and generation at Austrian WWTPs
(Lindtner 2008)

as external sources and consumers have to be considered.
In the current project, the system will be optimised using
process network synthesis (PNS), based on the p-graph

Consumption

Generation*

[kWh/PE*a]

[kWh/PE*a]

method (Friedler et al. ). PNS is a method to optimise
material and energy ﬂow networks. Its aim is to determine

From

to

from

To

Electric energy

20

50

10

20

resources into products (including energy). The approach of

Thermal energy

0

30

20

40

process synthesis is already state of the art in process engin-

*Generated from digester gas.
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input–output relations for unit operations. These methods

generation). The corresponding options to further use the

have also been applied to regional material ﬂow networks

generated resources on site and/or externally supplied (ext.

such as WWTPs (Lam et al. ; Niemetz et al. ; Maier

sup.) are also displayed.

& Gemenetzi ; Maier & Narodoslawsky ).

For the PNS maximum structure set-up, raw materials

PNS-Studio (Friedler et al. ) provides an on-line tool

(input) such as wastewater, electricity and gas supply from

to perform this optimisation. First, a maximum structure of

public providers as well as bio-waste (cooking oils) were

all feasible technology networks will be created. Based on

considered.

material and energy ﬂows and transport distances, the pro-

Regarding the products (output), and depending on the

gram then calculates an optimum energy network as a

type of WWTP (aerobic or anaerobic sludge stabilisation),

solution (see Figure 1). This optimal technology network is

the maximum structure of the PNS considers intermediate pro-

generated from the maximum structure of all feasible net-

ducts (output) such as treated wastewater, stabilised sewage

works by a branch and bound optimisation algorithm. The

sludge and digester gas. Intermediate products are the basis

optimum structure represents the ideal use of resources in

for generation of (ﬁnal) products. The possible products are

terms of the highest economic beneﬁt for the region.

reusable treated wastewater (process water), heating and cool-

As discussed above, the ﬁrst step in applying PNS for
WWTPs optimisation is to deﬁne the maximum structure of

ing energy, electric power, processable sewage sludge (nutrient
recovery, etc.) and natural gas substitute (gas feed-in).

on-site and externally supplied material and energy ﬂows.

The PNS maximum structure will not only distinguish

In this context, two different types of WWTPs are considered:

between WWTPs with aerobic or anaerobic sludge stabilis-

WWTPs with aerobic and anaerobic sludge stabilisation,

ation, but will also consider different sub-technologies, for

respectively. According to Kindermann & Kollmann ()

instance heat exchangers and heat pumps, gas burners, com-

the procedure to generate the maximum structure comprises

bined heat and power systems, etc.

three steps: speciﬁcation of (raw) materials, speciﬁcation of

Identifying the optimum structure for a certain WWTP

operating units (technologies) and speciﬁcation of products.

requires information on the prices for all types of raw

Figure 2 gives an overview of the input and output

materials and products. Technologies will be speciﬁed by

resources

Figure 1

|

of

a

WWTP

(resource

consumption

and

their input and output ﬂows of material and energy, as

Maximum and optimum structure of a technology network (Friedler et al. 1995, adapted).

Downloaded from https://iwaponline.com/jwrd/article-pdf/6/3/421/376446/jwrd0060421.pdf
by IWA HQ user
on 19 September 2018

F. Kretschmer et al.

425

Figure 2

|

|

Wastewater treatment plants as regional energy cells

Journal of Water Reuse and Desalination

|

06.3

|

2016

Resources consumption (input) and generation (output) at WWTPs, and possibilities to further use the generated resources.

well as investment and operating costs. Boundaries can be set

capacity of municipal WWTPs), representing a current

to limit the capacity of technologies. Furthermore, additional

load of about 7.9 million PE (EEA ). On the one hand,

wastewater-related aspects, such as time-dependent proper-

electrical and thermal energy from digester gas processing

ties due to changing wastewater temperatures, have to be

can be made available at these WWTPs. On the other

considered as well (Kindermann & Kollmann ).

hand, thermal energy can be retrieved from the wastewater
(efﬂuent) by the use of heat exchangers and heat pumps. The
latter is also available at WWTPs without digester towers.

RESULTS AND DISCUSSION

However, regarding the estimation of energy consumption
and generation, the focus in this paper is on digester gas-pro-

Energy consumption and generation of WWTPs

ducing WWTPs.

According to Spatzierer (), 159 of the Austrian munici-

ation of WWTPs including digestion towers. For the

pal WWTPs are equipped with digester towers (out of the

calculation of energy consumption and generation from

above-mentioned 635 WWTPs with a design capacity of at

digester gas, Equations (1) and (2), respectively, Equations

least 2,000 PE). These WWTPs represent a treatment

(3) and (4) were applied. The calculated values are based

capacity of about 11.6 million PE (around 55% of the total

on a current load of about 7.9 million PE and the energy

Table 2 shows estimated energy consumption and gener-

Table 2

|

Estimated energy consumption and generation of WWTPs including digestion towers

Generation from digester
Consumption [GWh/a]

gas [GWh/a]

Electric

Electric

Thermal

Generation from wastewater [GWh/a]
Thermal

Thermal

Average performance

277

119

119

237

510

Optimised performance

158

119

158

316

681
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standard ranges mentioned in Table 1 (CFel and CFth,

thermal energy generated during digester gas processing

respectively, GFel-DG and GFth-DG). Average and optimised

usually exceeds the WWTP demands even under average

performance in the ﬁrst column refer to the performance

conditions. If heat extraction from wastewater (efﬂuent) is

of the WWTPs. Based on the ranges given in Table 1, aver-

also considered, the WWTP can certainly be regarded as a

age performance represents mean values in energy

signiﬁcant regional source of thermal energy. This statement

consumption and generation (for electric and thermal

also applies to WWTPs without digestion towers.

energy from digester gas processing). Optimised perform-

The ﬁgures presented in Tables 2 and 3 should be seen as a

ance represents minimum values for energy consumption

rough estimation, because detailed calculations are very site-

(as the minimum value regarding thermal energy consump-

speciﬁc and also depend on the type of WWTP. Nonetheless,

tion is zero, the mean value was also used here) and

it is clear that there is a signiﬁcant potential for external supply

maximum values for energy generation.

of thermal energy. In contrast to electricity, which can be fed

The estimation of thermal energy from wastewater

to the power supply grid at almost every point, the supply of

(application of Equation (5)) is based on a municipal waste-

thermal energy is a more complicated task (with lower spread-

water ﬂow of about 1,061 million m³ per year (BMLFUW

ing of head supply systems, and infeed temperature

). The estimated pro rata dry weather ﬂow of the

constraints). Heat loss in the transportation system is a

WWTPs with digester towers (VWW) is about 390 million

major issue in thermal energy supply. There are technical sol-

m³ per year (about 40,000 m³/h). The speciﬁc thermal

utions to counteract the problem, for instance pipe isolation,

capacity of water (c) is 1.16 kWh/m³*K; this value was

cold and warm district heating options and the like. But the

adopted for wastewater. Further, it was assumed that the

distance between the heat generation and heat consumption

wastewater in the efﬂuent will be cooled down by 5 K (ΔT)

sites remains of crucial importance for the overall heat loss

and the annual duration of thermal extraction (OT) is

and economic feasibility. In some cases, the availability of

2,200 hours (this value can be higher if the system is not

potential energy consumers within certain distances around

only operated during the winter period). The average value

WWTPs represents the limiting factor rather than the thermal

only considers the thermal energy content of wastewater.

energy capacity (Project Consortium ‘Energie aus Abwasser’

The optimised value comprises the electric energy use of a

). Therefore, spatial management and planning are of

heat pump with a seasonal performance factor of 4 (appli-

great importance by interlinking potential present and pro-

cation of Equation (6)).

spective energy consumers and available excess energy. It

The ratio between energy consumption and generation
gives the degree of self-sufﬁciency of the considered

can be seen as the key for exploring the currently almost
unused thermal surplus of about 600–900 GWh/year.

WWTPs. In Table 3, the different values are given. It seems
that self-sufﬁciency regarding electric energy can be achieved

Optimisation of energy ﬂows of WWTPs

or even exceeded in the case of boundary conditions and
WWTPs performing near the optimum. However, the

Figure 3 shows the PNS maximum structure for a WWTP
with anaerobic sludge stabilisation. The structure comprises

Table 3

|

Degree of self-sufﬁciency regarding electrical and thermal energy

different raw materials (raw wastewater, natural gas, electricity and bio-waste), technologies (the WWTP itself,

Degree of self-sufﬁciency [%]

digestion tower, heat exchanger and heat pump, etc.), intermediate products (digester gas, treated sewage sludge, etc.)

Thermal energy
Electric

Excluding

Including

energy

wastewater

wastewater

Average
performance

43

200

631

Optimised
performance

100

and ﬁnal products (electricity, heat, etc.). Additionally, all
possible material/energy ﬂows between raw materials, technologies, intermediate products and ﬁnal products are
deﬁned.

267

841
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Current version of the maximum structure regarding material/energy ﬂows at a WWTP with anaerobic sludge stabilisation.

the outcomes of stakeholder workshops, the maximum

related energy prices. Regional planning can certainly have a

structure was adapted to the local context (technical fea-

greater inﬂuence on the former than on the latter. The targeted

tures of the WWTP, existing energy supply infrastructure,

location of heat-demanding consumers in close vicinity to a

etc.) at each site. Based on local costs for raw materials,

WWTP would consolidate its position as a regional energy

technologies and products, the best (most cost efﬁcient)

provider. According to Neugebauer & Stöglehner () the

structure of the examined system will be calculated. Prelimi-

following options for the use of surplus thermal energy can

nary PNS analysis at one case study site has already

be considered: agricultural and forestry purposes (dewatering

conﬁrmed the possibility of energetic self-sufﬁciency of

of agricultural and forest products, heating of barns, heating of

WWTPs mentioned above: the on-site heat demand of the

greenhouses, aquaculture) and low temperature heating

WWTP can be met easily. Thermal excess energy could be

demands in settlement areas (residential, commercial and

supplied to neighbouring consumers at competitive cost.

industrial needs). Existing energy supply infrastructures may

PNS application can play a central role in integrating
WWTPs into regional energy supply concepts, as it supports

compete with thermal energy provision gained from wastewater, but also offer possible synergies.

the merging of two major aspects from an economic point of
view: theoretical excess energy generation at a WWTP with
a diversity of different technologies, and the actual energy

CONCLUSIONS

demand of adjacent consumers. The optimisation of a certain
energy generation and supply system (energy ﬂows and

The main function of a WWTP is to remove certain constitu-

applied technologies) can be seen as a rather dynamic process,

ents from wastewater. For the treatment processes and the

as it strongly depends on generated energy quantities and

maintenance of the infrastructure, different sorts of energy
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