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The search for renewable energy sources is nowadays on the global governance agenda.

In northern European residential and o�ce areas 70 % of the total energy consumption is

linked to heating or cooling processes. Most of the energy consumed in these processes is

provided by fossil fuels. One promising concept in spatial planning is the urban harvesting

approach. This concept suggests to harvest residual resources which are currently seen

as waste but still have some remaining quality. The further reuse of waste heat energy

in urban areas and the exergy principle might be of special interest in order to �nd

alternatives to fossil fuels. In current urban processes high quality energy sources like gas

and oil are often used for purposes which do not need that high quality. Space heating is

one example. Heat energy for this process could be provided through harvesting residual

heat. The proposed approach in this study uses the idea of resource exchange between

various urban functions. It is tested in a case study of the district St. Johann in Basel,

Switzerland. The study illustrates that visualizing urban functions and their potentials

on a map can help planners to draw lines between sink and sources of energy. These

linkages are not the same all year but can vary between seasons. The study furthermore

indicates that water infrastructure can take a key role in developing these energy linkages.

Water and heat energy are closely linked. Both together are not considered much in

spatial planning yet. This study introduces the concept of heat sensitive cities which

proposes to link water, periodicity and waste heat energy.
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infrastructure, Periodicity, Heat grid, Heat sensitive city
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Chapter 1

Introduction

The current energy landscape in cities is strongly dependent on fossil fuels (Droege,

2002). Their use is for some reasons critical: First, fossil fuels are a main contributor

to climate change. Second, natural fossil fuel resources are limited. Third, fossil fuel

resources are limited to certain countries like Saudi Arabia, Iran and Russia (natural

gas). High demand for fossil fuels leads to dependence on these countries (de Boer

and Zuidema, 2015). The search for more sustainable alternatives through renewable

energy sources is nowadays on the global governance agenda. A sustainable resources

management through harvesting local renewable and residual resources might contribute

to a less dependency on fossil fuels (Leduc and Van Kann, 2013).

There are di�erent resources that could be harvested. Next to matter like residential

garbage also energy can be recycled. In the European Union, the industry sector is

responsible for about 26 %, the transport sector for about 33 % and other sectors for

about 41 % of the total energy consumption. 22 % of the total energy is consumed by

residential areas. While in the transport sector 93 % of the energy is based on crude

oil, gas is mostly used in industry and residential areas. 32 % - 34 % of the energy

consumption in industrial and residential areas is based on gas while another 32 %

comes from electricity. The other 25 % is based on energy carriers from renewable and

non-renewable, other fossil fuels and derived heat energy (eurostat, 2016).

The statistics indicate that most energy is not based on electricity but on chemical

energy carriers. Their consumption is in most cases connected to combustion processes

1
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in which heat energy is produced. The further reuse of heat energy in urban1 areas might

be of special interest in order to reduce fossil fuel consumption. In northern European

residential, commercial and o�ce areas 50 % of the energy is used for space heating

and cooling. Another 20 % is used for tap water heating. Electricity for lighting and

machines accounts for 30 % of the energy consumption (Pérez-Lombard et al., 2008).

1.1 Problem statement

In heating processes, high quality energy is often used for purposes which do not need

that high quality (Agudelo-Vera et al., 2012). The combustion of gas in house heating

systems for example produces �ame temperatures of 1000◦ C (Vandevyvere and Stremke,

2012). This temperature is used in residential and o�ce buildings to heat water up to

a temperature of 65◦ C. This temperature is needed for processes like showering and

washing (Groothuis et al., 1985; Yao and Steemers, 2005). For space heating in modern

systems 35◦ C supply temperature is su�cient (Leonhardt and Müller, 2010). The use of

high quality energy resources reveals two main issues: high quality energy resources are

often fossil fuel based and high quality energy are used for heating processes that do not

need that high quality (Balaras et al., 2005; Agudelo-Vera et al., 2012). The �rst issue

relates to the dependency on fossil fuels that should be reduced due to the mentioned

reasons. The second issue is linked to thermodynamic laws, especially the second law.

While the �rst thermodynamic law states that no energy can get lost in transformation

processes, the second thermodynamic law limits the transformability of energy. Taking

the second law into consideration can help to "increase e�ciencies of energy conversion

and material processing signi�cantly" (Stremke et al., 2011). The idea is that energy

is used that �ts the quality purpose. This means that high quality energy is used for

processes that have high quality energy demand. Processes with lower quality demand

are supported with lower quality energy.

The urban harvest approach (UHA) is a concept that introduces the reuse of residual

resources. Urban harvest strategies can be used to identify and use residual waste like

heat energy in order to use energy e�ectively and e�ciently. Some processes need high

1In this study both terms urban and city are introduced and used as synonyms. They are not linked
to speci�c characteristics and de�nitions like population size or administrative boundaries and are not
seen as the opposite of rural. Urban areas and cities are rather used in this study to describe the
agglomeration of di�erent urban functions.
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quality energy. For example, in chemical companies or power plants natural gas or other

fossil fuels are used. As the �rst thermodynamic law states, energy gets not lost but only

transformed. The waste from high energy processes can still be used for processes with

lower energy demand. The second thermodynamic law states that this is not possible

the other way around. Applying the second law to heat energy means that high quality

energy carriers like gas should be used for processes that need high quality energy. Heat

energy waste from high quality energy processes in for example chemical factory can be

harvested and used for heating an aluminum processor �rst, then a bakery, a brewery,

and �nally residential areas (Leduc and Van Kann, 2013). Instead of using gas to heat

all the mentioned urban functions2 separately, only the chemical factory is powered by

high quality energy while the other urban functions are using residual heat energy. This

can help to create sustainable heat energy systems (HES) (Hepbasli, 2008; Rosen and

Dincer, 2001). Sustainable HESs should help to ensure that resources are used and

managed in a way that it does not impede the future generation's ability to satisfy their

need. This includes for example the reduction of high fossil fuel consumption in order to

spare resources, reduce CO2 emission and decrease social and economic dependence.

However, one issue in creating linkages in HESs is that heat energy demand and source

can vary in urban areas within a year. The heat demand in northern Europe is especially

an issue in winter whereas in summer cities su�er from heat island e�ect. "Urban Heat

Island (UHI) is considered as one of the major problems in the 21st century" (Rizwan

et al., 2008). This means that in order to create linkages between heat energy demand

and sources periodicity must be considered.

Furthermore, heating processes are often connected with water. Water is for example

often used to distribute heat energy in buildings for space heating. But also other

processes like washing and showering are water related. The reason of water as heat

energy carrier is, next to its broad availability, its capability to function as a major

storage of heat energy. The heat capacity of water is more than four times higher than

of air and three times higher than many soils (Porges, 2001; Manteghi and Remaz, 2015).

The strong connection of water and heat energy gives references that in order to harvest

waste heat energy, water should be considered. This water is however not only limited

2The term urban function is used in this study to distinguish between land use patterns: residential
houses, o�ce buildings, parks, streets etc. (Leduc and Van Kann, 2013; Agudelo-Vera et al., 2012). It
is therefore used to assign land use characteristics to the entities of the urban fabric.
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to single urban functions. Water is distributed and collected in the urban fabric by

systems. The provision and treatment is performed by central entities. This means that

strategies for harvesting waste heat energy is not limited to single urban functions but

can be a spatial issue. The wastewater system is for example a system that extends

through the whole urban fabric. It therefore creates a spatial connection between single

urban functions. This connection is, however, not bidirectional. Water is as a result of

gravity �owing in one direction. It therefore connects higher altitudes with lower ones.

Analyzing further the urban fabric, it becomes apparent that there are additional water

bodies like rivers, lakes, and channels that might be included into heat energy analysis.

Their management is, however, complicated. Many di�erent aspects like �ood protec-

tion, supply and health security, recreation and other aspects must be considered. The

di�erent functions that water can have and the e�orts to ensure these let to a separation

and fragmentation of the water management into many di�erent institutions and enti-

ties. This impede integrated management and using the same water bodies for di�erent

purposes. The wastewater system is for example mainly used for transporting water in

order to purify it. The aim is to get rid of the pollutants and not to see these as resources.

There are, however, studies that prove its high energy potential (Meggers and Lei-

bundgut, 2011). This could be used in an UHA. Also other water bodies have high

potentials. In Kingston, UK, heat energy is for example extracted from the river Thames

and used to heat a building complex with apartments and a hotel. This example shows

that heat energy potentials are therefore not only characterized by its heating but also its

cooling capability. There are more of these examples like in Duindorp, the Netherlands,

Portsmouth, UK, and Stockholm (Värtan Ropsten), Sweden (Cao et al., 2009; Goodier

et al., 2013).

All these examples illustrate that 'second law thinking' can help to �nd alternatives for

fossil fuels. However, this thinking is at the moment mainly considered for single projects.

A general spatial planning approach which includes di�erent water bodies is, however,

missing. Such an approach is however essential because "the competitiveness of societies

will depend on how e�cient the stocks and �ows of the urban fabric are managed and on

the ability to adapt the urban fabric to change" (Deilmann, 2009). Finding strategies in

spatial planning in order to manage �ows, for example of energy and water, is therefore

important for future societal development.
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1.2 Research aims and objectives

The main issue discussed in this study is that 'second law thinking' is already applied in

some projects. However, it is not yet well understood in spatial planning (Stremke et al.,

2011). This can be problematic because exergy and 'second law thinking' are closely

connected with sustainable development (Dincer, 2000).

This study has the hypothesis that spatial planning can help to develop strategies to

harvest and use heat energy potentials from urban water bodies. In this study the term

strategy is linked to an analytical approach that can be used to analyze the urban fabric

and show heat energy potentials especially in water bodies. This spatial planning ap-

proach can be utilized to create energetic linkages and reduce fossil fuel consumption.

Furthermore, spatial interventions can through the design of the urban fabric create

potentials. Spatial planning can therefore help in planning processes to show opportu-

nities and create a basis for strategic decision making. Water bodies, especially water

infrastructure, underground aquifers and surface water bodies can contribute to create

sustainable HESs. HESs are entities consisting of several urban functions that create

through their spatial connection a system. This system is sustainable in terms of reduc-

ing fossil fuel consumption and decreasing dependence on these.

The aim of the study is to introduce a spatial planning approach that uses the idea

of harvesting residual heat energy with special focus on water. The approach should

allow to exchange heat energy potentials between various urban functions in order to

create sustainable HESs. The use of urban water bodies and its contribution to heating

processes should be analyzed. This study should moreover develop suggestions for spatial

planning practice to use water as means of transport for heat energy. Furthermore, the

relevance of including periodicity into spatial planning for heat energy analysis should

be elaborated. The term heat energy potential in connection with water as means of

transport is in this study linked to both cooling and heating capabilities. For better

readability this study uses only the term heat.
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1.3 Research questions and thesis structure

This chapter is aimed to describe how the hypothesis is going to be tested and which

research questions should help in order to do so.

The research questions for this study are the following:

1. What variables are important to identify and use urban heat energy potentials in

order to create sustainable HESs?

2. How can a spatial planning approach help to develop a sustainable HESs and what

are the bene�ts of such a system?

3. What �ndings can be derived from the spatial planning approach and the case study

in order to identify the contribution of urban water bodies towards sustainable HESs?

This study proposes a methodology consisting of two parts in order to verify the hypoth-

esis. In the �rst part a six step approach, which was developed out of the literature from

the theory chapter, is going to be introduced. Findings from sustainable urban energy

development, thermodynamics and heat including the exergy principle, urban water use

and infrastructure, and the characteristics of spatial planning on energy networks are

used. This approach should help planners to identify, link and connect heat energy

sources and sinks. In a second step the six step approach is going to be illustrated and

presented in one case. Data usable for this speci�c case and generic information which

can be used for other cases are collected. Visualization of the �ndings on maps will be

used. This should help to present the results, identify the spatial distribution of heat

energy, show possible and reasonable energetic linkages and work out periodical di�er-

ences of the linkages. After the presentation of the results and subsequent discussion,

the conclusion and �ndings for spatial planning theory and recommendations for spatial

planning practice will be introduced.

It should be �nally stated that spatial planning connected to energy interventions should

"always be socially acceptable, economically feasible and not harmful to biodiversity"

(Stremke et al., 2011). However, these aspects could not be tested in this study.



Chapter 2

Theories

This chapter is meant to introduce theories that are used to build the methodological

foundation of this study. The theories are furthermore used to illustrate what is already

known about spatial planning and its potential to create HESs. The theory will be

further used to design a spatial planning approach.

2.1 Sustainable urban energy development

Cities have currently an unbalanced energy use. On the one hand they need many

resources to maintain functional and produce on the other hand high amount of waste.

The use of energy and matter have often linear characteristics from resources use to

waste production without any feedback loops, nor quantitative or qualitative (Guy and

Marvin, 2000). This need for resources make cities highly dependent on a constant in�ow

stream of materials and energy from other cities and hinterlands (Rovers, 2007).

The current resource use of cities was described by Noorman and de Roo (2011) as second

energy landscape in which production and use of the resources are decoupled. This is

in contrast of the �rst energy landscape which had a strong connection between energy

systems and physical landscapes. Cities were only able to use the sort of resources the

physical environment provided for them in direct proximity. Among these resources were

for example peat, wood, hydro energy and wind. All sources of energy had in common

that they were not easy to transport so that energy production and use had to be close

together (Pasqualetti, 2012).

7
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High power density resources like coal, oil and gas made long range transportation of

energy resources possible so that production and consumption got spatially separated

(Pasqualetti, 2012). These resources started the creation of second energy landscape.

The availability of high power density resources without the dependency on the physical

landscape made cities major users of energy beyond their natural and spatial capacities.

Natural processes could not supply and recycle all the matters which were used in the

urban fabric any more (Agudelo-Vera et al., 2012; Leduc and Van Kann, 2013).

The high consumption of "oil, fresh water, phosphorus, metals; and the disruption of

natural cycles, for instance nitrogen and carbon-cycle"(Agudelo-Vera et al., 2012) turns

cities into primary sinks of resources (Xu et al., 2010).

Following the Brundtland commission this development into the second energy land-

scapes is not sustainable. "Sustainable development is development that meets the needs

of the present without compromising the ability of future generations to meet their own

needs" (Commission, 1987). The reason is that exploitation of resources is unsustain-

able because the resources availability for future generations is at risk (Opschoor and

Reijnders, 1991). Sustainable urban energy systems are therefore systems that meet the

demand of the current generation without undermining the supply of future generations.

Threats that might compromise the future generation ability are for example: climate

change due to CO2 emissions, depletion of resources, pollution, and social and economic

vulnerability because of resource dependence (Yamaguchi et al., 2007; Omer, 2008; de

Boer and Zuidema, 2015).

It is predicted that urbanization will continue in future. In 2014 about 54 % of the

world's population was living in cities. It is expected that by 2055 66 % of the world

population will reside in urban areas (Nations, 2014). This makes the unsustainable

urban resource use more and more an important global issue for planners. Harvesting of

urban resources can, next to a more e�cient resource management, play an important

role towards sustainable urban energy and matter systems (Agudelo-Vera et al., 2012).

The UHA is grounded on the idea that waste is nothing less than an out�ow of matters

and energy which still has some quality. This out�ow has lower quality than the original

in�ow but is still high enough to reuse it within the urban system. These secondary

resources can break the linear resource use (Zhu, 2014; Agudelo-Vera et al., 2012). Sec-

ondary resources have the bene�t that they reduce the demand for primary resources
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like fossil fuels. Therefore CO2 emissions, the depletion of resources and dependence on

resource supply decrease.

2.1.1 Urban metabolism

In order to understand the energy processes in cities, some principles and assumptions

of the functioning of urban energy and matter transformation might be useful for fur-

ther understanding. The following paragraphs should give an overview of energy loss,

metabolism and harvesting. In chapter 2.2 a quantitative approach for measuring quality

and thermal energy loss will be introduced.

Loss of quality

Energy and matter in cities are generally delivered and distributed through a system

of pipes, wires etc. The quality of the matters, e.g. gas and water, must be delivered

for costumers at the highest quality demand because often systems can only provide

one quality (Leduc et al., 2009). There is for example only one system for providing

freshwater to residential houses. To achieve such high quality, the original quality of

the resources needs to be upgraded. Water from rivers or groundwater for example

must be cleaned and disinfected. This puri�cation step in necessary to feed the network

with constant quality. The puri�cation process however consumes energy and materials

(Leduc et al., 2009).

On the demand side consumers require di�erent qualities. For drinking water for example

high water quality is needed. Flushing the toilet on the other hand does not demand

that high quality. However, only one quality is delivered by the system. This means that

higher quality is provided than necessary. The di�erence in quality delivery and demand

is called "quality surplus" (Agudelo-Vera et al., 2012).

The consumer side releases matter and energy after use. As described before, this out�ow

is often classi�ed as waste but it has still a certain quality. This is called �un-used

remaining quality" (Agudelo-Vera et al., 2012).

Linear metabolism

The energy and matter transformation described in the paragraphs before represents

a linear metabolism which is often found in the urban fabric (Broto et al., 2012). To

satisfy the demand, hinterlands and other cities must continuously supply urban areas in



Chapter 2. Theories 10

order to meet the demand (Rovers, 2007). Water and electricity are only two examples

of such matter and energy (Baynes, 2009). The supply of too high quality and disposal

of remaining energy as waste is one reason for unsustainable resource use in cities. The

exhaustion of heat energy into the environment or nutrients in waste water for example

are such losses.

2.1.2 UHA and strategies

Increasing urbanization will likely increase the demand for more resources on the one

hand and increase the output of waste on the other hand (Rode, 2010). However, this

output can also be seen as secondary resources and might be used to meet demands which

do not need the high quality of the distribution network. The stop of this linear resources

use can open new chances to cities. The focus on natural resources in traditional resource

management does often hide the approach of seeing waste as secondary resources. Grey

water or residual heat energy have still a considerable amount of quality that can be

used. This point of view can contribute towards the third energy landscape: the city

as producer and supplier of resources and user of waste through a closer connection of

energy systems and physical landscapes (Noorman and de Roo, 2011).

The concept of seeing waste as secondary resources changes the view on urban metabolism.

Instead of following a linear metabolism, the aim of urban harvesting is to develop strate-

gies to use resources e�ectively and e�ciently (Rovers, 2007). This can happen through

the closure of gaps in the distribution and use of resources. Meeting the demand through

careful consideration of the actual need of quality and investigation of remaining quality

in the system can create linkages (Leduc et al., 2009).

The analysis therefore considers two main actors: supplier and consumer. In urban har-

vesting a consumer can also become a producer of secondary resources. The interaction

between these actors are the starting point of the energy system analysis.

According to Agudelo-Vera et al. (2012), urban harvesting consists of four steps:

• 1. Inventory of demand

• 2. Options to minimize demand

• 3. Inventory of alternative sources

• 4. Harvest local and residual resources, connect source and demand
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The �rst step in such an approach can be the exploration of the demand of the consumers,

followed by considerations on how to minimize this demand. The third step is to think

about alternative resources to ful�ll this demand. In an UHA also consumers can become

producers of secondary resources. In the �nal fourth step supply and demand must be

coupled. The urban harvesting approach of local and renewable resources as secondary

resources can next to other renewable resources play an important role.

2.2 Thermodynamics and heat energy

In order to get a deeper understanding of heat energy, principles of thermodynamics are

introduced in the following paragraphs.

2.2.1 Thermodynamic principles

Thermodynamics is the science of general energy. It deals with di�erent forms of en-

ergy, matter and its conversion. Energy transformation and characteristics of matter

are closely linked. There is almost no physical process without energy transformation.

Central to thermodynamics are three physical principles:

• conservation of mass

• conservation of energy (First thermodynamic law)

• limited possibilities to transform energy forms into each other, for example heat energy

into work (Second thermodynamic law) (Peter et al., 1998).

2.2.2 Thermodynamic systems

A thermodynamic system is the object in which thermodynamic properties should be

examined. The analysis can for example focus on gas or water and its energy and

matter transformation in a system like coal power plants. The thermodynamic system

is separated from the environment by a system border. It is not a physical border but a

theoretical boundary to the environment. This border can change during the examination

and can also be permeable to energy and matter. The boundary conditions are chosen

for each analysis and can, if chosen well, simplify an analysis signi�cantly (Peter et al.,

1998).
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In thermodynamic analysis three di�erent boundary conditions are used:

• open,

• closed and

• isolated systems.

In open systems, energy and matter can pass in and out of the system boundary. In closed

systems, energy can pass through the system boundary but not matter. In isolated

systems, both matter and energy are isolated from the environment and there is no

transfer between inside and outside of the system boundary (Atkins and Paula, 2010).

2.2.3 Thermodynamic laws

Thermodynamics as science of general energy is based on some basic thermodynamic

laws. For the purpose of this work the �rst and second law of thermodynamics are of

special interest. The �rst law of thermodynamics describes the physical phenomenon that

energy can neither be created nor destroyed in transformation processes. The second law

of thermodynamics limits the transformation between di�erent energies. It introduces

the principles of exergy and entropy. Exergy can be used to indicate the maximum

amount of work that can be used (work capacity) and will be discussed later more in

detail. Entropy on the other hand is used to explain why energy cannot be transformed

limitless to other energy forms. The principle introduces terms like reversible and non-

reversible processes.

First law of thermodynamics

The �rst law of thermodynamics can be described as law of conservation. According

to it, energy can neither be created nor destroyed. It can only be transformed between

di�erent states. Most available energy on earth is a result of the sun. More than 99 %

of the energy available on earth is the outcome of solar radiation. It was transformed in

di�erent processes to other energy forms (Stremke et al., 2011).

Second law of thermodynamics

The second law of thermodynamics makes statements about the limited possibility to

transform energy from one state to another. It introduces the term of entropy which

is often wrongly explained as a measurement for order respectively disorder (Lambert,
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2002). Entropy can, however, be used to determine how much work can be done with a

certain amount of energy.

Most energetic processes on earth create some sort of entropy and are therefore not

reversible. This limits the possibility to transform energy into each other in�nitely (Peter

et al., 1998). This means that the energy quantity, which is possible to use for work,

is decreasing. On the other handy, entropy increases. Some authors use the terms like

'useful' and 'less useful' energy to distinguish between energy that can perform work and

that cannot (Stremke et al., 2011). Terms like 'less useful' might apply within a certain

system boundary but can on other hand mislead to the assumption that some energy

cannot be used at all. A factory for example is producing large amounts of heat energy as

a result of burning coal. In this process entropy increases. Within this factory the heat

energy cannot be used further and might be therefore declared 'less useful'. However,

next to the factory could be residential houses whose owners also burn coal. Though,

they need this energy for heating the houses. Increasing the system boundary from the

factory building to neighborhood gives planers the possibility to see energetic potentials.

The generated heat energy from the factory can then be used for heating the houses. In

e�ective and e�cient urban metabolisms waste heat energy can be one of the remaining

qualities which might be used in urban harvesting. Such an approach was for example

demonstrated in urban areas in the Netherlands by Leduc and Van Kann (2013).

'Second-law thinking' has already been adopted into some disciples. These are for ex-

ample building engineering, architecture and urban planning. 'Second-law thinking' is

however not well embedded into spatial planning. This is quite unsatisfying because

entropy and exergy concepts can play an important role towards sustainable planning.

Including 'second-law thinking' into planning has the high potential to increase e�-

ciency in energy transformation. Inspiration from natural ecosystems which generally do

not produce waste can help to design closed cycles that use waste as renewable energy

(Stremke et al., 2011).

Exergy

In order to introduce exergy thinking as concept into spatial planning, a deeper under-

standing of this term and its principles is necessary. In the following some variables,

which can assist planners, should be developed.
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Exergy gives information about the maximum amount of work that can be performed

with a given amount of heat energy or energy "when in equilibrium with a reference or

the surrounding environment" (Leduc and Van Kann, 2013; Dincer, 2000). The work

capacity therefore "depends on the di�erence between the state of the carrier and its

environment" (Stremke et al., 2011). The di�erence in energy level is also called gradient

and can be calculated for thermal, electrical and potential exergy.

In urban contexts, work capacities exist at various levels, scales and places. Surface

water for example can be a source of heat energy in spatial planning (Shukuya, 2009).

This energy always needs an energy sink to be in equilibrium with in order to perform

work (Hepbasli, 2008).

Energy can only be a potential if it is at the place where it is needed. Otherwise energy

needs a mode of transportation in order to reach the place where it is needed. Su�cient

infrastructure must be therefore ensured. A source of energy might also not perform the

same amount of exergy at all times. As work capacity depends on an exchange between

the system and the environment, periodicity is crucial if the environmental circumstances

can change through time (Stremke and Koh, 2010). In winter for example the tempera-

ture di�erence between a constant source of hot water with the same temperature all year

and the environment is higher than in summer. The work capacity increases therefore

in winter (Stremke et al., 2011).

Stremke et al. (2011) therefore mentioned following points that are important to describe

the working performance of energy:

• the source

• the system environment

• the energy sink

• the energy infrastructure

• periodicity.
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2.2.4 Water, exergy and heat energy recovery

Water occurs on earth in three di�erent forms: ice, liquid and gas. It is often not pure

but contains as a resource water, nutrients and energy. Frijns et al. (2013) describes

three main aspects which have the highest potential in terms of using water as resource:

• organic carbon

• heat energy

• underground thermal energy

Organic carbon

Wastewater in the urban system contains high amounts of organic matter and nutrients

(Frijns et al., 2013). These organic matters and nutrients were long time seen as a

problem which has to be dealt with. The uncontrolled discharge of sewage into Lake

Constance in in the 1960s for example almost led to an ecological collapse of the lake.

The introduction of sewage plants in the following years prevented the lake to become

a dead zone. The quality increased so far that since 1998 the water has been sold as

high quality drinking water (Blatter, 2001). However, the aim treatment of the sewage

was to get rid of the problem instead of seeing it as resource. "There is a growing

recognition within the water sector that an environmentally, economically and socially

sustainable sanitation system requires sewage to be viewed as a set of resources to be

recovered, recycled and reused (water, energy, nutrients) rather than a waste product to

be treated to successively higher standards before release to the environment" (Mitchell

et al., 2012).

Seeing sewage as a resource can increase energetic recovery. Currently, waste water

treatment needs high amount of energy, e.g. in the activated sludge treatment (Frijns et

al., 2013). Wastewater can, however, be a source of energy, e.g. biogas. The anaerobic

digestion of sludge produces biogas which can be used for electricity and heat energy

recovery (Elías-Maxil et al., 2014).

For the purpose of compactness of this work, the study mainly focus on heat energy and

how to close cycles there. This does, however, not exclude the combination with other

cycles like phosphorus in practice.

Heat energy recovery and storage

Water has not only the physical ability to change its state and thereby absorb energy
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from the environment. It can also store high amount of energy per volume. The thermal

capacity of water per volume-unit and Kelvin is three times higher than of many soils

(Manteghi and Remaz, 2015). This also means that much more heat energy is required

to rise the temperature of water per kg. In comparison to air, four times of energy has

to be added to rise 1 kg of water for 1 Kelvin (Porges, 2001).

The high thermal capacity might be desired for cooling or storing heat energy but leads to

high energy demand if hot water is needed. In the US about 13 % of the total residential

energy consumption is used for heating water (Sanders and Webber, 2015). This does

not include space heating. In the Netherlands houses loose about 40 % of their energy

through wastewater (Hofman et al., 2011).

Hot water is needed for many purposes like bathing, cooking and laundry. In the Nether-

lands residual water heating is accountable for about 23 % of the household's gas con-

sumption (Elías-Maxil et al., 2014).

Spatial planners have several options at di�erent spatial scales when they want to recover

heat energy. Heat energy recovery within buildings, neighborhoods or central at a waste

water treatment plant is for example possible.

In buildings a recovery of heat energy is directly possible after use. The bene�t from

direct harvesting of wastewater is that the temperature is higher than for example in

the sewage system. Water therefore only needs a low temperature lift to reach su�cient

high temperature for use. With the combination of a heat energy exchanger and heat

pump a direct recovery of heat energy is possible which then can supply a shower with

hot water. This concept was developed by Meggers and Leibundgut (2011) who made

research on low exergy building systems.

Decentral heat energy recovery in buildings has the disadvantage that every house needs

an own heat pump and might therefore depend on the willingness of the house owners.

Central collection in the sewerage therefore might be easier to organize because only one

company has to install heat exchangers into the system. The heat energy exchange is

generally possible at two locations: in the sewer systems or after treatment in the waste

water treatment plant (Mikkonen et al., 2013). The �rst one was done in Zurich and

Hamburg for residential areas. Heat energy exchange in the sewer system has however
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the disadvantage that in case of too much heat energy extraction the water becomes too

cold for the waste water treatment plant (Frijns et al., 2013).

Heat energy exchange after the treatment process is done in Hammarbyverket, Stock-

holm. It is the largest of its kind worldwide and can heat 95 000 residential buildings,

producing 1235 GWh of heat energy annually. The plant furthermore produces cooling

energy and electricity from hot steam in order to increase e�ciency (Mikkonen et al.,

2013).

Heat energy recovery from surface and drinking water

Heat energy can be recovered from di�erent water bodies. Among these are drinking

water systems, lakes, rivers, oceans, �shponds, reservoirs, canals and streams (Manteghi

and Remaz, 2015).

In the following some examples of how heat energy can be extracted and stored in water

bodies are mentioned. In Almere, the Netherlands, a cost bene�t analysis has been done

for a neighborhood which analyzed if heat energy can be extracted from the freshwater

system. It resulted that 900 homes could be heated. The analysis was based on an

extraction of heat energy at the water plant. As temperature is reduced at the water

plant, the water temperature reaching the houses is also lower. However, the temperature

di�erence with and without heat energy exchange is at the homes much lower than at

the water plant. The reason is that the soil in which the pipes lay is in constant heat

energy exchange with the water. The water temperature at the homes is therefore only

slightly lower than without heat energy exchange. To heat the water to the temperature

level without exchange, an energy input to an equivalent of heating 85 homes is needed

(Blokker et al., 2013).

Underground heat energy storage

Storage of heat energy is also of special interest for spatial planners. Temperatures

in cities vary within a year. This does however not count for soil below a depth of

10�15 m where temperature throughout the year is nearly constant. While cooling of

buildings might be needed in summer, heating is more important in winter. Storing heat

energy underground is one option to bridge the annual needs. Underground heat energy

storages (UTES) are for example already applied in the Netherlands. Thermal energy

can be stored and delivered for cooling of buildings and space heating (Lee, 2013).
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Formally there is a distinction between open ATES (aquifer) and closed BTES (borehole)

thermal energy storage systems. A combination with heat energy from other sources like

surface water, tap water or sewer systems is possible (Frijns et al., 2013). Miltenburg

(2008) explored the use of ATES in an urban district with 2816 houses of the Dutch

municipality of Hugowaar. They combined the ATES with heat energy extraction from

surface water in summer and managed to recover enough heat energy to satisfy the

district's demand in winter.

Some challenges are "interfering systems, leakage of energy in the groundwater body and

di�culties in retaining the cold/heat balance" (Frijns et al., 2013) which can slow down

the construction of UTES. A good understanding of groundwater is also necessary in

order to minimize risks and con�icts with drinking water extraction.

2.3 Urban water use and sustainable water management

Like other urban processes, the urban water use is characterized by linear processes.

Tap water is taken from rivers or groundwater and is after use and treatment discharged

into the environment. Several scientists claimed that this conventional urban water

management is not sustainable and not a model for the future (Marlow et al., 2013). One

reason for this linear approach and little multifunctional use of water resources is the

traditional categorization and limitation of water to one special function: e.g. tap water,

sewerage or �oodwater (Bach et al., 2014). The linear view on certain functions resulted

in the creation of both separate infrastructure and service providers (Brown, 2008). This

physically and institutional separation "led to philosophical compartmentalisation and

shaped perceptions of system boundaries over time" (Wong and Brown, 2009).

However, the water system delivered until now its promised services like water supply or

public health. This leaded to an "unwillingness to acknowledge and improve our limited

understanding of feedbacks, non-linearity and time delays" (Bach et al., 2014) that could

in�uence and change the system's state (Pahl-Wostl, 2007). "In the past, water managers

have often reduced this complexity by focusing on optimizing singular parts of the water

cycle such as 'supply security' in isolation and/or in absence of reliable consideration to

the other dimensions of the cycle." (Wong and Brown, 2009)
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However, this approach of single-object optimization proved to be less and less successful

(Erbe and Schütze, 2005).

Bach et al. (2014) therefore suggests an integrated urban water management that:

"• considers all parts, components, of the system

• involves water conservation and diverse �t-for purpose water supplies,

• works at a range of scales (both central and decentralized) and

• allows establishment of links with other environmental cycles".

This approach, however, must still guarantee all the bene�ts and services which the

urban water cycle o�ers: "supply security, public health protection, �ood protection,

waterway health protection, amenity and recreation, greenhouse neutrality, economic

vitality, intra and inter-generational equity; and demonstrable long-term environmen-

tal sustainability" (Wong and Brown, 2009). These multi-bene�ts of water require the

planner to acknowledge urban water as complicated issue which needs careful investiga-

tion. Planning approaches should furthermore follow the idea that plans strengthen and

support more than one bene�t and service of water.

2.4 Spatial planning, scales and networks

Spatial planning is, as the term 'spatial' implies, about planning areas on a spatial

scale bigger than single entities. Spatial planners can have di�erent perspectives and

scales while creating plans. In the following some scales from literature are mentioned:

Roggema (2013) distinguishes between region, city, neighborhood and buildings as a

geographic approach on which planning projects take place. Within these areas further

distinctions between urban functions are possible. These can be for example built-up

areas like "residential areas, industrial/business parks, area for leisure activities, and

transport area and non-built-up areas, such as agricultural area, forest area and water

bodies" (Leduc and Van Kann, 2013).

From an energy perspective on spatial planning, like it is followed in this study, a division

between spatial scales might be also possible. The chapter 2.2 indicated that a change

of perspective from building scales to a higher scale might open chances for energy reuse

and energetic linkages.
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Looking at the energy network, scales become explicit. The electricity network is a sys-

tem that connects di�erent urban functions. It was for centuries a highly centralized

system (Sioshansi, 2011). This started to change in the last 10-20 years and in recent

years the discussion about smart grids started. The term relates to the challenges that

the electricity network is facing. Electricity was produced a long time with fossil fuels,

nuclear power, hydro power and others by central power plants and companies (Farhangi,

2010). With the spreading of renewable energies like solar panels, some former consumers

and functions outside of the traditional production industry became electricity producers

(Lund et al., 2012). The centralized system is as a result in the process of transform-

ing towards decentralization. This decentralization causes di�culties in maintaining a

constant electricity supply (Kanchev et al., 2011).

Renewable energies like solar energy are more dependent on weather conditions than

other electric power sources which are for example based on fossil fuels. Changing weather

conditions causes changing production of electricity. The results are �uctuations in the

grid. The aim of a smart grid is to make the grid stable by steering the production,

consumption and bu�ers. This should ensure that electricity supply is ensured e�ciently

and reliably at all time (Li et al., 2010). However, not only the network structure is

changing. From an institutional point of view, these changes also mean an increasing

institutional fragmentation. Electricity producer, supplier, grid owner and consumer are

not clearly separable any more (Szulecki and Westphal, 2014).

Figure 2.1: Central grid
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Figure 2.2: Smart grid

A comparison with the heat energy system reveals that it has also been very centralized.

The di�erence to electricity supply is that there is no heat energy grid in terms like the

electricity grid. Exceptions are district heating systems that cannot be found everywhere.

In most cases the heat energy supply is coupled with fossil fuels like gas, coal and oil that

gets transported from a central point to urban functions. The production of heat energy

is done on building scale, but the provision with resources is ensured by a centralized

system (Stremke and Koh, 2010).

Urban functions are not connected to each other in a way that heat energy could be

exchanged. So far, no coordination of the use and production of heat energy is undertaken

between urban functions. One reason might be that there has never been only one source

for heat energy and that therefore not one distribution network has existed (Persson and

Werner, 2011).

To produce heat energy, mainly chemical matters are transformed through burning on

building scale. Electricity on the other hand was produced in the past outside the

building in power plants. Smart grids change the supply structure by facilitating each

building to function as producer of electricity. This energy can be distributed by the

grid. Heat energy that gets produced, however, has no grid to get distributed.

Urban functions are connected in the urban fabric to several infrastructures: electricity,
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Figure 2.3: Urban electricity use: Electricity gets transformed into other modes of
energy like heat energy

Figure 2.4: Urban heat energy use: heat energy as product of energy transformation

fresh water, wastewater, streets and in some cases gas (Vliet, 2012) As discussed in chap-

ter 2.2.4, water bodies like wastewater, freshwater, lakes or underground aquifers have

the potential to function as source of heat energy. Water infrastructure, like the elec-

tricity grid, connects all spatial functions (Kenway et al., 2011). It therefore establishes

a spatial connection between producers and consumers (Gandy, 2004).

However, there are some physical di�erences between the electricity grid and water sys-

tem on how they connect urban functions. These di�erences are based on the mode

of transport of electricity and water. Electricity gets transported through conductors.

Di�erent electric potentials and charges determine the usable potential energy (Bansal,

2006). Water gets transported through pipes (Gandy, 2004). Its �ow is dependent on

gravity and pressure (fresh water). The physical property of water makes it further pos-

sible to store heat energy even if it is not �owing. The reason is that water is only a

mean of transport for heat energy and not the potential itself (see chapter 2.2.4, heat ca-

pacity). Electricity on the other hand gets its potential from electric charge di�erences.

The result is that water and its heat energy can be stored while electricity needs to

get transformed into other modes like chemical energy in batteries (Crabtree and Lewis,

2007).
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Method

3.1 Conceptual framework

This chapter is aimed to describe the research methodology of this study. The purpose of

this study was to develop an approach for spatial planning that can help to harvest and

use residual heat energy potentials from urban water bodies. The approach is based on

theory of urban spatial planning and should be used for identifying functions, potentials

and uses of di�erent urban waters like lakes, rivers and sewage systems in order to

create sustainable HESs. One aspect in this approach is identifying and drawing linkages

between heat energy potentials and usages of water in urban areas. The study is meant

to give recommendations for future energy conscious planning. Of special interests were

during the development of the approach variables which are relevant for assessing uses

of various types of waters for sustainable HESs. The approach has been illustrated and

presented with a real case study.

The literature review on urban metabolism revealed that in spatial planning energy

and water �ows are often considered linearly from resource mining over consumption

and waste production to waste treatment. To understand and characterize matter and

energy �ows, the following variables are accordingly to the theory on subchapter 2.1

and especially the work of Stremke et al. (2011), Leduc et al. (2009) and Agudelo-

Vera et al. (2012) central in order to describe HESs: quality, quantity, spatial scales in

combination with energy networks, periodicity and thermodynamic laws. These variables

23
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are elaborated further in this study in order to break through linear resource consumption

towards e�ective and e�cient systems.

Mining, consumption, waste production and waste treatment are connected to di�erent

urban functions that use and transform matter or energy. The input into one function is

characterized by matter or energy with certain quantity and quality. The mechanisms

that use the matter or energy at each function transforms the quantity and quality into

matter and energy which cannot be used at this function anymore but still has remaining

quality. Harvesting remaining quality can be a way to minimize waste and can take place

at di�erent spatial scales. This can lead to matter exchange between functions within

the urban fabric. Throughout the year heat energy demand and availability of water

and heat energy changes so that periodicity was considered in the study. Furthermore,

thermodynamic laws gave references on how heat energy can be harvested and used.

These variables were used to create heat energy linkages between urban functions in a

multi-step approach. This approach can be used in spatial planning in order to harvest

heat energy in urban areas and water bodies.

Figure 3.1: Conceptual model of this study

Urban functions are dependent on energy and matter exchange between each other. En-

ergy and matter like electricity, water and gas are usually not provided by one single

urban function. While residential or o�ce buildings consume matter and energy, other
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functions produce them (see chapter 2.1.1). This dependence on each other and the

location of all urban functions, which is di�erent for all cities, characterize the urban

fabric of a place. To take dependence and exchange into account, the analysis in this

study is conducted on a system and geographic scale bigger than single urban functions.

In such an analysis cities are seen like an organism in which energy and matter is trans-

formed and transported in circular systems. In order to function as an organism, the

spatial scale in this study was chosen big enough that dependencies and the variables

quality, quantity, spatial scales in combination with energy networks, periodicity and

thermodynamic thinking could be taken into account.

The underlying philosophical position of this study is, as argued in subchapter 2.1.2 and

2.2.3, that urban planning should be more focused on energy conscious planning. As

explained in chapter 2.1, current spatial planning does not consider energy supply and

use much in order to design the urban fabric. Furthermore, 'second law thinking' is not

disseminated yet. This study proposes that energy should have more attention in spatial

planning and therefore in�uences the way of planning. It argues that spatial planning

can help to develop strategies to develop sustainable HESs.

For the purpose of developing strategies, the study proposes a methodology consisting

of two parts to identify how spatial planning can be in�uenced:

1. theoretical six step approach to identify and link heat energy sources and sinks with

special focus on water bodies, developed out of literature in chapter 2;

2. a case study including empirical data collection to illustrate and apply the conceptual

usability of the six step approach.

3.2 Theoretical six step approach: The heat sensitive city

approach (HSCA)

In this chapter the steps of the HSCA are introduced. The development of the approach

is based on literature research of the �ndings of chapter 2. Ideas were derived from

concepts like sustainable HESs, urban water use and infrastructure, thermodynamics,

heat energy and energy networks. These �ndings were used to develop a spatial planning

approach that can help to identify heat energy potentials in combination with water

bodies, categorize these in connection to the variables quality, quantity and periodicity
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and link the potentials together with heat demand. Functions with heat energy demand

are in this study sinks while functions with an excess of heat energy are sources. The

reason to choose literature research as method is that it can help to sum up what is

currently known in some disciplines and help to identify lines of argument that exists in

connection to the issue (Lewis-Beck et al., 2004).

For the purpose of this study, the approach of Leduc and Van Kann (2013) on harvesting

urban energy, sustainable urban development and the application of exergy was developed

further. The approach of Leduc and Van Kann (2013) takes the idea of creating cycles,

reuse of waste and thermodynamic thinking into account in order to create what they

refer as productive urban regions. In these regions the principle of harvesting renewable

and residual resources should be used in order to create e�ective and e�cient systems.

For the analysis in their study the authors conducted a spatial inventory to identity urban

functions. The reason is that this distinction between functions also helps to identify

resource consumption patterns which are later used to bring heat energy potentials and

demands together.

The proposed approach in this study also takes spatial analysis including a visualization

of urban functions on a map as starting point. The reason to choose spatial analysis and

visualization as a �rst step is that visualization of functions supported its worthiness

in the mentioned study of Leduc and Van Kann (2013) and also other publications like

Knies (2015) which were meant to identify in spatial planning heat energy potentials and

bring the potentials together with heat energy demand.

In order to conduct a spatial energetic analysis, the proposed approach in this study

furthermore identi�es heat energy demands of the urban functions. In order to identify

potentials, the approach especially focuses on water bodies. The methodological choice

to focus on water in this spatial planning approach has several reasons: water infrastruc-

ture is an inherent part of spatial planning; it is not considered much with the energy

transition so far, although water is used in many heating processes; water has a high

heat capacity which can be important to function as sink or source and it connects all

urban functions.

The potentials and demands are mapped in the approach to illustrate their spatial dis-

tribution. This visualization should help to create energetic linkages between demand

and sources of heat energy. Arrows are used to show possible connections of them. A
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further visualization with additional arrows are used to illustrate how existing water in-

frastructure can contribute to create reasonable energetic linkage between various urban

functions. The di�erence between possible and reasonable connections is that possible

energetic linkages illustrate potentials between heat energy demands and sources while

reasonable energetic linkages use water bodies in order to create the connection.

The approach to �nd heat energy potentials and demands in an urban area, the methods

of visualizing them on a map, illustrating �ows, and showing heat energy potentials in

an abstract way, resulted in the development of the HSCA that could be used in spatial

planning practice. This approach is meant to take the idea of resource exchange between

various urban functions and the analysis of these urban functions in order to create

sustainable HESs into account. This approach introduces especially periodicity of heat

energy potentials and the use of water bodies as means of transport for heat energy as

new characteristics into spatial planning practice. The term means of transport for heat

energy in this study refers to both heat energy potentials for heating and cooling.

The proposed six steps are:

1. Spatial inventory and analysis of spatial functions

2. Analysis of the heat energy demand for the most relevant function categories

3. Inventory of sinks and sources

4. Mapping heat energy demand and source

5. Illustration of possible heat energy linkages

6. Analysis of water as reasonable heat energy linkage

These steps are described more in detail in the following table 3.1.
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Table 3.1: Heat sensitive city approach

1. Spatial inventory and analysis of spatial functions

sub-point purpose

a distinguish between built-up, non-

built-up, and water areas/ infrastruc-

ture

�rst distinction between functions that

consume resources (built-up), consume

no resources (non-built-up) and func-

tions that might work as sink and

source of heat energy

b �nd built-up and water areas that are

similar and can be classi�ed, examples:

residential, industry, open space like

grass and parks, waste water, open wa-

ter, fresh water and other infrastruc-

ture like streets

classi�cation of urban functions into

categories of similar properties should

help to simplify energetic analysis

c illustrate land-use on a map to give a

quick spatial overview of the area

visualization should help to gain a

quick overview of the studied area,

making the identi�cation of linkages

spatially possible

2. Analysis of the heat energy demand for the most relevant function categories

sub-point purpose

a classify heat energy supply and heat en-

ergy utilization according to tempera-

ture classi�cation, e.g. low, medium,

high

simpli�es the analysis and increases

transparency, introduces thermody-

namic thinking

b analyze heat energy demand for the

classi�ed functions (see step 1), cate-

gorize these into the classi�ed temper-

atures (see step 2.a)

create a heat energy demand pro�le

for all functions, illustrates that every

function has di�erent heat energy de-

mand on quality and quantity

c draw periodicity, e.g. day and night,

seasons

heat energy demand may vary through-

out the year
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3 Inventory of sinks and sources

sub-point purpose

a make an inventory of the possible heat

energy sinks and sources, e.g. water

and air

qualitative prediction of heat energy

sinks and sources

b analyze how much heat energy can be

extracted: quality, quantity and peri-

odicity

evaluation of the heat energy potential

4 Mapping heat energy demand and source

sub-point purpose

illustrate the �ndings of step 2 and 3

on the map of step 1 with e.g. colors or

scoring system

visualize heat energy demands and

sources

5 Illustration of possible heat energy linkages

sub-point purpose

draw arrows between sources and de-

mand of heat energy according to the

variables quality, quantity and period-

icity

illustration of possible heat energy

�ows between demand and source of

heat energy

6 Analysis of water as reasonable heat energy linkage

sub-point purpose

a draw arrows in the �ow direction of wa-

ter bodies

illustration of water �ow direction

b compare theoretical potentials (de-

mand and sources of heat energy from

step 5) with �ow direction and distri-

bution of water bodies

�nd synergies between water �ow direc-

tion and demand and source of heat en-

ergy

c make recommendations for urban plan-

ning in order to bring �ow direction and

possible potentials together

showing potentials to create e�ective

and e�cient systems
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3.3 Case study and empirical data collection for St. Johann

To illustrate and present the HSCA in this study, the method of using a case study was

chosen. A case study was chosen because it allows to test hypothesis (Flyvbjerg, 2006).

In particular a single case study was chosen. The reason is that the method of a single

case allows to go deeper into research of a speci�c issue (Becker et al., 2012). The case

chosen in this study was St. Johann, Basel. It was used to illustrate and present the

HSCA and identify strengths and weaknesses of the approach. This chapter describes

how data was collected in this study.

Empirical data for the showcasing of St. Johann, Basel, was collected through literature

research and expert consultations. The data is presented through visualization of the

case on maps, illustration of �ows and heat energy potentials.

Because energy analysis is not connected to a speci�c location and can be done at any

urban place and an analysis furthermore needs knowledge about the local circumstances,

the case was chosen accordingly to GIS data availability, local knowledge of the author

about the place, the existence of open water bodies and a mixture of di�erent urban

functions. The reasons for a variety of urban functions is based on the methodologi-

cal approach of this study to connect urban functions and create e�ective and e�cient

systems.

For selecting the case, at �rst cities with open water bodies like Karlsruhe, Bremen,

Rotterdam, Düsseldorf and Basel were searched. Basel was �nally chosen as city because

GIS data were freely available online and local knowledge about the area existed. The

district of St. Johann was chosen in particular because it is characterized by industrial,

recreational and residential areas. In particular several functions like two hospitals, three

power plants, and water infrastructure including the river Rhine were found in this area.

It was assumed during case selection that having this variety of functions can help to

identify di�erent characteristics for a high diversity of urban functions. This should help

to identify a variety of possible and reasonable energetic linkages.

The case of St. Johann, Basel

The district of St. Johann is located in the northeast of Basel. It shares borders with

France in the north. In 2015 18958 inhabitants lived on 225,4 hectare (Statistisches Amt,

2015). The urban fabric is characterized by 3 to 5-story residential buildings in the south
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and industry in the north. The headquarter of the Bell Food group, according to its own

description one of the leading meat processor in Switzerland and Europe and other meat

processing industries are located there. Several o�ce buildings of smaller companies can

be found. The newly designed Novartis Campus on a former chemical production site

is located in the north next to the river Rhine. Two hospitals and a park can be found

on the north-west. St. Johann is also a major producer of electricity and heat energy

with having three power plants on its area: an incineration plant, a wood fueled power

plant and the heat power plant Volta. All three support the district heating system with

temperatures of 170-190◦ C and 850 GWh/a. It is planned to reduce temperature to

120◦ C in a �rst step and �nally to about 75◦ C in future.

3.4 Methods for case study and empirical data collection

Di�erent methods were used to get data in order to illustrate the approach for the district

of St. Johann. A short summary of the methods can be found in table 3.2.

Table 3.2: Methods for case study of HSCA

No. Step short description methods

1 Spatial inventory distinguish between ur-
ban functions

GIS data, Google street
view, contacting experts

2 Heat energy demand �nd heat energy de-
mand for relevant func-
tions

document analysis, con-
tacting experts, MS Ex-
cel

3 Sinks and sources inventory of water bod-
ies

document analysis,
contacting experts of
the companies to obtain
data (e.g. wastewater
system), MS Excel

4 Mapping visualizing potentials on
a map

Scoring system, Illustra-
tor

5 Illustrating theoretical
energetic linkages

draw arrows Illustrator

6 Analyzing water as
mean of heat energy
transport

compare �ow direction
of water and energetic
arrows

Illustrator
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3.4.1 Evaluation Methods

Scoring system

A qualitative scoring system was introduced as method to evaluate quantitative heat

energy potentials. The reason to choose a qualitative scoring system was to create a

limited number of categories out of a higher number of energy pro�les. The aim was

to simplify the visualization of demands and sources of heat energy in order to present

information rich data in an aggregated way. This should help to identify high potential

at �rst glance. For the purpose of this study the ranking consists of a 7-point scale

with the following grading: +++, ++, +, 0, -, - -, and - - -. A 5-point scale would

have increased aggregation but information would have been lost. A distinction between

high potentials (+++/- - -), average potentials (++,- -) and low potentials (+,-) would

not have been possible any more. More than 7-points would have decreased aggregation

but increased information richness which would have resulted in a reduction of visual

clarity. The classi�cation of heat energy potentials was subjective and is not linear or

logarithmic. The reason is that the classi�cation is oriented accordingly to the seven

main heat energy potentials of the urban function categorizations that could be found.

This should make the grading more �exible and should ensure the clear visualization of

case speci�c potentials.

Illustrator

Adobe Illustrator was used to visualize heat energy potentials, demands and sources.

The �ndings from the scoring system, �ow direction of waters and energetic linkages

were illustrated on a map. The calculated heat energy demands and sources of heat

energy were visualized with the 7-point scale of the scoring system. Boundaries were

drawn around categories of urban functions to show functions of the same category.

These boundaries were colored if either warmer waste water as a result of higher hot

tap water demands (60◦ C), e.g. for hospitals or meat processors, or if the cooling and

heating potential was expected to be comparable high in quantity, e.g. rivers with high

�ow rate and residential areas with low hot tap water demands (60◦ C). Furthermore,

possible heat energy sources from cooling devices or computers were indicated with dots.

No values were calculated or estimated for heat energy that is not connected with water.

Therefore, dots were used in order to illustrate these heat energy sources.
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MS Excel

Microsoft Excel was used to calculate the heat energy demands and sources including

the heating load in this study. An Excel sheet was designed in which the equations used

in this study were inserted. These sheets were created for the purpose of automating

the calculations. The results were manually transferred into tables and inserted into

the �gures with Illustrator. No automated connection between Excel and GIS analysis

through the ModelBuilder of ArcMap was established.

3.4.2 Data collection

Data were collected through di�erent methods: internet document analysis, document

analysis and expert contacting to obtain data. Therefore, maps of Basel, information

about heat energy demand and heat energy production of urban functions in Basel and

software to visualize the �ndings were used. Where no exact data were available, esti-

mations were undertaken.

Documents

Documents were collected in order to characterize urban functions. These documents

were used to identify heat energy demands or the possibility to function as heat energy

source. An overview of the used documents can be found in the Appendix. At �rst

data for every speci�c function category that was found in the case was collected. This

data was used in order to characterize the heat energy characteristics of an urban cat-

egory: quality, quantity and periodicity. This data included for example brochures of

the network owning company. Where no data for a speci�c category in the case was

available, generic data were used. These included empirical data from other studies and

GIS analysis of areas. Empirical heat energy demands are one example of this kind of

data.

Map

The spatial inventory is based on GIS data from the Geodaten-Shop of the Land Reg-

istry and Commercial Registry Basel-Stadt (Grundbuch- und Vermessungsamt, Kanton

Basel-Stadt). Esri ArcMap 10.3 was used to create the map. Functions were classi�ed

according to the GIS data (attribute table, resolution per building) and building heights

of residential areas were analyzed with Google street view. The map of St. Johann

was created with the layers for the district boundaries of Basel and the o�cial cadastral
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survey (DM01AVBS06D). A distinction between built-up, industry areas, rivers, infras-

tructure (not water related) and green space was derived from the available attribute

table of the GIS data (Vermessungsamt, 2016). GIS analysis was furthermore used to

estimate surface areas of urban functions.

Heat energy demand

No exact data of the heat energy consumption for urban functions were available for

Basel. The values in this study are therefore taken from empirical data of Blesl et al.

(2009). This data is based on estimating the speci�c heat energy demand in kWh/(m2a)

through building types, buildings heights, function and building age. This method was

chosen because buildings have similar characteristics related to building age and building

material. The average data do not show the real situation for one building in Basel.

However, with increasing number of buildings the derivation between average numbers

and real values are becoming smaller (Blesl et al., 2009). Data for estimating the heat

energy demand of nurseries were collected from BDEW (2009) and data for the meat

processors from Schwarz and Heiss (1932) and Swissweg (2009). Values for hospitals

were taken from EnergieAgentur.NRW (2010)

The speci�c heat energy demand of the urban function was multiplied with the area

of this category. This area was based either on information material or on GIS analy-

sis. The �ndings were an estimation of the whole area that was covered by one urban

function category. These values were multiplied by the numbers of stories. The results

were estimated heat energy demands (kWh/a) for every urban function and year in St.

Johann, Basel.

The heating demand for drinking water and showering was estimated by values of the

energy saving regulations of Germany 2003, the Austrian norm ÖNORM B8135 and

guidelines (Metzger, 2010; Normungsinstitut, 1980). The heating demand for hospitals

was assumed with water use values from EnergieAgentur.NRW (2010).

The values of the heat energy demand were then used to calculate the heating load.

The heating load indicates the heat energy supply which is needed in order to maintain

comfortable room temperature. Estimations were calculated accordingly the formula of

Guideline Series VDI 2067 page 2 out of the yearly heat energy demand (VDI, 1993).
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Q̇N,building = Qdemand/(fvbV H) (3.1)

Q̇N,building: norm heating load (kW)

Qdemand: heat energy demand (kWh/a)

fv: conversation factor (dependent on location in Germany)

bV H : hours of full utilization per annum (h/a)

It was assumed that the heating load is half in spring and autumn and zero in summer

for space heating. Heating loads for freshwater heating was assumed constant in this

study throughout the year.

Heat energy source

Basel is located next to the river Rhine and has a sewage and freshwater system. In-

formation about the �ow and temperature of the river Rhine were taken from the Swiss

Federal O�ce for the Environment, Section Hydrology (BAFU, 2016a; BAFU, 2016b).

Data from measuring stations within the boundaries of Basel where either old or not

updated regularly. The data taken in this study was therefore taken from other stations

where updates were carried out on daily basis. The �ow was measured at the measuring

station in Rheinfelden, which is located about 20 kilometers upstream of Basel and the

temperature was measured at the Palmrheinbrücke in Weil am Rhein (Germany), which

is about 1 km downstream of Basel. Information about the freshwater and wastewa-

ter system were derived from plans and information brochures of the network owning

company. The Construction and Transport Department of the Kanton Basel-Stadt is

responsible for the sewage system (Basel-Stadt, 2016). A plan of the sewage system was

provided on request as PDF �le via email. Additional information about the water �ow

rate was provided at selected points. These were located at main sewers entering, leaving

and within St. Johann. It was not allowed to publish the �le with the sewage system in

this study. However, the plan was used in the process of conducting this research and

a simpli�ed scheme is illustrated in �gure 4.2. The freshwater system is owned by the

IWB, which is an independent company owned by the Kanton Basel-Stadt. The map of

the system was freely available from the internet (IWB, 2015).
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3.4.3 Calculations of heat energy potentials

Water has, compared to air, a relatively high heat capacity. To calculate the �ow of heat

energy that can be drawn from water the following thermodynamic equation was used:

Q̇ = V̇ ∗ ρ ∗ Cp ∗ ∆T (3.2)

(Peter et al., 1998)

Q̇ = rate of heat energy �ow (kJ/s, kW )

V̇ = water �ow (m3/s)

ρ = density of �uid water at temperature T (kg/m3)

Cp = heat capacity at temperature T (kJ/(kgK))

∆T = temperature di�erence between entering and exiting the heat pump (K)

This equation was used for all water bodies. It is assumed in this study that water is the

main component of all water related streams. Possible pollutants which might in�uence

the heat capacity were not taken into account. The density and heat capacity can be

seen as relatively constant in the examined low temperature range (ρ = 1000 kg/m3

and cp = 4, 2 kJ/(kgK)). The di�erence between the water temperature before and

after heat energy extraction or heat energy addition is de�ned as temperature di�erence

(Peter et al., 1998).

3.5 Approach for case study

The proposed HSCA uses an inventory of urban functions as starting point. Urban areas

were distinguished between built-up, non-built-up and water areas/ infrastructure. It

is possible to classify these areas into many di�erent categories. The approach used in

this study especially focuses on a distinction of functions in built-up areas and water

bodies. Non-built up areas were not further categorized. Di�erent types of parks, forests

and infrastructure like streets, underground or parking lots could be classi�ed. However,

these non-built-up areas were not the focus of this study because they do not directly

in�uence the water and heat energy infrastructure. Built-up areas and water bodies were

on the other hand speci�ed more deeply because each function has di�erent resource
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consumption and waste production patterns. The classi�ed functions are only examples

and can be selected for each cases individually. The aim of the case analysis in this study

was to show how functions can be analyzed and served as illustration of the approach. It

was not possible in this study to name all functions which are valid for any cases. Planners

using this approach are therefore invited to add and change classi�cations according to

the needs of their case (e.g. schools, swimming pools etc.).

In the case study residential houses were one classi�ed category of the analyzed urban

function. The literature review resulted that residential houses mainly need two di�erent

water temperatures. Therefore, two temperature categories for residential houses were

chosen in this study. One further category was made for industrial processes. More

classi�cations would be possible for analysis which focus for example in particular on

industrial areas.

In summary, the three temperature categories are:

1. Showering, washing dishes or cooking are actions where water gets in direct contact

with humans. Water therefore needs to be safe for use. To ensure low bacteria concen-

tration the water must have a certain temperature. 60◦ C hot tap water was used as one

category.

2. Water for space heating systems is not in direct contact with humans. The tem-

perature demand to reach comfortable room temperature is lower for heating than for

washing. 35◦ C for heating is in most cases su�cient in northern European houses and

therefore used as second classi�cation.

3. The highest category was meant for industrial processes. There were two tempera-

tures set for the highest category in this study but they were pooled in one category.

The reason is that both temperatures occurred at di�erent urban functions and did not

in�uence each other. A classi�cation for every process would have increased complexity

so that one category for both temperature was chosen. The temperatures occurred in

processes of heat power plants and meat processing manufacturers. Planners using this

method can extend the classi�cation according to their case. This might be especially

interesting if heat cascading between industrial functions is the aim. Hot water from a

steel factory can be used in a brewery before it is used to heat water in residential areas.

For the purpose of this study and to guarantee greater clarity, one general and �exible

high temperature category was introduced.
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Quality, quantity and periodicity were central in this study. Quality was important

because it can give guidance for cascading. Quantity was central for a balance between

demand and source of energy. Urban functions do have di�erent heat energy consumption

and production patterns. Measuring them in a quantitative way is necessary to bring

demand and source of heat energy together in the needed amount. This avoids over

production or shortage and is in line with the idea of an e�ective and e�cient energy

system. Periodicity was the third central point in the study. In this study a di�erentiation

between seasons was done. The reason is that seasons are having the biggest in�uence in

the climate zone of northern Europe. The emergence of certain qualities and quantities

of resources and demands results from changing outside temperatures during the seasons.

It is possible to di�erentiate in more categories, for example in every day or hour of a

year, di�erent months or week and weekend. These categories are, however, not as much

dependent on the environmental circumstances as seasons.

As seen in chapter 2.4, spatial planning connected to energy can be done on di�erent

scales. Improving buildings is one possibility. The reason to conduct an inventory on

higher scales in this study was that connecting di�erent functions might increase the

e�ciency of resource use and decrease heat energy waste. The analysis on neighborhood

scale might create potentials that cannot be used on building scale. The reason why a

certain quality is leaving the system boundaries of a function is either its loss due to non-

point source emissions or its lack of quality. A coal power plant for example needs high

temperatures. It is not possible to upgrade this heat energy easily in a thermodynamic

e�cient way for further use. However, this waste heat energy has still enough quality for

processes in other functions. In an analysis on building scale this potential would not

occur because no sink of heat energy exists. In an area oriented approach other urban

functions are included that have di�erent heat energy demands. Therefore, new sinks

of heat energy can occur and potentials could be used for further use in other urban

functions.

The examined scale in this study was a district. The borders of the district were chosen

in line with administrative borders. One reason not to analyze a whole city or country

is that urban functions repeat within a city. This study argues that it is su�cient to

analyze only some of them in order to clarify the idea of urban harvesting. This should

keep analysis transparent and clear. The usefulness of this choice of spatial scale will be

discussed in chapter 5.3.
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After identifying potentials and needs, heat energy must be transported from one function

to another in order to utilize it. In this study it was analyzed if existing water infrastruc-

ture can be used for this purpose. The analysis should illustrate what is needed to make

a potential usable and how urban planning can in�uence the utilization from potentials.

Other means of transport are also possible and can be considered to create for example

a district heating grid.

Overview of research

This chapter was aimed to introduce the research methodology of this study. It intro-

duced the �rst part of this study, the development of the HSCA, and furthermore the

methods used to illustrate the HSCA for the case of St. Johann, Basel.

Figure 3.2: Overview of research in this study

In the following chapter the results of the case study are presented.





Chapter 4

Case Study Basel

This chapter is aimed to apply the HSCA for the case of St. Johann in Basel, Switzerland.

The sequence of the �ndings follows the HSCA of chapter 3.2. The methods to collect

the �ndings were explained in chapter 3.4.

4.1 Step 1: Spatial layout

A spatial inventory of the district St. Johann was done �rst. Therefore, built-up, non-

built-up and water bodies were distinguished. Furthermore, industry, residential, green

space, the river Rhine and the �ow direction of the sewer system were classi�ed and

mapped. The sewage system is �owing in west-east direction. Residential houses were

classi�ed as one category. The reason is that the Google street view analysis revealed

that they are all 3-5 story high rise buildings with similar characteristics like building

age and height.

Further urban functions were power plants, o�ce buildings, meat industry including

the headquarter of the Bell AG and its meat factory, two nurseries and two hospitals

including administrative buildings and workshops (see table 4.1).

41
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Table 4.1: Categories of urban functions in St. Johann, Basel

Urban function Additional information

Power plants Incineration plant, wood fueled plant and heat power
plant Volta

Residential houses 3-5 story high rise apartment buildings
O�ce buildings Mixed use of production and o�ces
Meat processor industry Among other companies the Bell AG
Nurseries Learning nursery of Lehrbetriebe Basel

Rehabilitation workplace of Bürgerspital Basel
Public hospital Bürgerspital Basel, about 100 beds, administrative build-

ings and workshops for rehabilitation
Psychiatric clinic Universitäre Psychiatrische Kliniken Basel, around 600

beds

Figure 4.1: Map of St. Johann with urban functions, Basel. Sources: data from
Vermessungsamt (2016) and Burke (2012)
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4.2 Step 2: Heat energy demand

In the second step the heat energy demand for urban functions was assumed. Data

per m2 were multiplied with the building area of urban functions in order to calculate

the heating load.

4.2.1 Heat energy demand per urban function

Three categories of temperature demand for heating were distinguished: low 35◦ C for

space heating, medium 60◦ C hot tap water for washing and hygienic purposes and high

for industrial processes.

In the �rst part of collecting heat energy demand data, values per m2 for di�erent urban

functions were assumed.

Power plants

The power plants produce electricity and heat energy for di�erent urban functions in

Basel, including their own facilities (IWB, 2016b; Basel-Stadt, 2015). Because power

plants consume high energy matters like coal, gas, trash or wood which cannot be won

easily from waste heat energy, this study did not calculate or assume consumption values.

Residential, o�ce areas and meat processor

About 66 % of the residential houses in St. Johan in Basel were built before 1945. Since

the 1970s older houses were demolished and replaced by new concrete houses (Schürch

et al., 2007). The analysis of space heating demand for residential houses were taken

from Blesl et al. (2009) (see table 4.2).

Di�erent building categories and building years result in various heat energy demands. In

this study an average of 150 kWh/m2a for heating in residential and a reduced number of

90 kWh/(m2a) for o�ce buildings and meat processors were assumed. 150 kWh/(m2a)

was chosen because the buildings in the case are big apartment buildings and building age

varies between before 1945 and the 1970. The reason that the heat energy consumption

for o�ce buildings was reduced is the assumption that the production of additional

heat energy through machines and computers lowers the heat energy demand in these

buildings.
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Table 4.2: Heating demand of residential areas (Blesl et al., 2009)

Building age until
1919

1919-
1948

1949-
1957

1958-
1968

1969-
1978

1979-
1983

1984-
1995

1996-
2000

2001-
2006

Single houses kWh/(m2a) 167 150 176 150 165 165 156 101 72
Terrace house kWh/(m2a) 152 141 175 162 192 171 129 89 70
Small apartment
building a

kWh/(m2a) 180 167 117 191 169 125 101 94 65

Big apartment
building b

kWh/(m2a) 187 185 169 148 145 116 82 73 51

High rise build-
ing

kWh/(m2a) 103 117

aabout six apartments
babout twelve apartments

The heating demand for drinking water was assumed accordingly to ÖNORM B8135

and guidelines. It was assumed in this study that residential buildings consume

12,5 kWh/(m2a), o�ces 6,25 kWh/(m2a) and meat processors 15, 2kWh/animal1. The

Bell AG is the biggest meat processor in Switzerland. Its headquarter and several pro-

cessing sites are located in St. Johann. It is assumed that half of the total meat processed

by the Bell AG in Switzerland is fabricated in St. Johann2. It was furthermore assumed

that an average animal weighs 300 kg. These assumptions resulted in the following val-

ues: 300000 pigs (300 kg), 50 0000 cows (900 kg) ≈ 150 000 animals, 25 000 calves

(160 kg) ≈ 11 000 animals, 15 000 lambs (30 kg)≈1 500, 8 000 000 poultry (1 kg) ≈ 27

000 animals.

Nurseries

Two nurseries are located in St. Johann, Basel. One nursery is located at the public

hospital as part of rehabilitation measures. Another nursery for educational purposes is

located southwest of the psychiatric clinic. For both nurseries a heat energy demand of

800 kWh/(m2a) was assumed (BDEW, 2009). 6,25 kWh/(m2a) was assumed as heating

demand for drinking water (Normungsinstitut, 1980).

Hospitals

Two hospitals are located in St. Johann, Basel. The public hospital is located in the

north-west of St. Johann and consists of administrative buildings, workshops for reha-

bilitation and buildings for medical purposes. Because of the mixed use a heat energy

10,2 m3 water per animal (Schwarz and Heiss, 1932), Tlow=298 K, Tuse=353 K, per animal: Q =
0, 2 m3 ∗ 1000 (kg/m3) ∗ 4, 2 kJ/(kg ∗K) ∗ 65 K = 15, 2 kWh

22009 for the Bell group in whole Switzerland: 666 417 pings, 112 788 cows, 52 583 calves, 34 484
lambs, 17 231 379 poultries
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demand of 150 kWh/(m2a) was assumed. The same heat energy demand was also as-

sumed for the psychiatric clinic.

For the psychiatric clinic a freshwater heating demand of 25 kWh/(m2a) and for the

public hospital a freshwater demand of 12,5 kWh/(m2a) as a result of a mixture between

administrative, medical buildings and workshops was estimated.

Table 4.3: Heat energy demand of selected urban functions

Urban function Temperature
classi�cation

Heat energy
demand
Qdemand,function,T

Note

Power plants
high - One incineration, wood

fueled and gas power
plant

medium -
low -

Residential
houses

high - South of St. Johann,
3-5 story high rise
buildings

medium 60◦ C 12,5 kWh/(m2a)
low 35◦ C 150 kWh/(m2a)

O�ce buildings
high -

North of St. Johannmedium 60◦ C 6,25 kWh/(m2a)
low 35◦ C 90 kWh/(m2a)

Meat processor
high -

North of St. Johannmedium 60◦ C 15,2 kWh/animal
low 35◦ C 90 kWh/(m2a)

Nurseries
high -

North-west and west of
St. Johann

medium 60◦ C 6,25 kWh/(m2a)
low 35◦ C 800 kWh/(m2a)

Public hospital
high -

North-west of St.
Johann

medium 60◦ C 12,5 kWh/(m2a)
low 35◦ C 150 kWh/(m2a)

Psychiatric clinic
high -

North-west of St.
Johann

medium 60◦ C 25 kWh/(m2a)
low 35◦ C 150 kWh/(m2a)

4.2.2 Demand per category

In the second part the heat energy demand analysis, values on the category scale were

calculated for St. Johann, Basel. For this part the heat energy demand data for urban

functions from chapter 4.1 were multiplied with the corresponding total building area

of a certain category. The corresponding areas were taken from information brochures,

if available, or were calculated with GIS data. Surface areas were multiplied with the
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numbers of �oors in order to calculate the building area (see equation 4.1).

Qdemand,category,T = Qdemand,function,T ∗ surface area ∗ numbers of floors (4.1)

Residential, o�ce areas and meat processor

St. Johann has 18 958 inhabitants with an average of 36, 3 m2 living space per per-

son (Statistisches Amt, 2015). These surface numbers were taken in order to calculate

Q̇demand,residential,T .

Sresidential = 36, 3 m2 ∗ 18958 = 688211, 7 m2 (4.2)

The o�ce building area in St. Johann, Basel, is accordingly to the GIS analysis,

237684 m2. It was assumed that on average o�ce and industrial buildings are 6 sto-

ries high. The assumption includes high rise buildings and �at production sites.

Nurseries

The nursery "rehabilitation" at the public hospital consists of several greenhouses with

a total area of 4084 m2. The other nursery "Lehrbetriebe" has a total area of 4965 m2.

Both nurseries have one �oor.

Hospitals

The public hospital has a total area of 20568 m2 and the psychiatric clinic 19434 m2.

The public hospital consists mainly of lower developments while the building heights at

the psychiatric clinic are higher. The average height at the public hospital was therefore

assumed to be 2-story and at the psychiatric clinic 3-story.
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Table 4.4: Heat energy demand of selected urban categories

Urban category Temperature
classi�cation

Heat energy
demand
Qdemand,catergory,T

Note

Power plants
high - One incineration, wood

fueled and gas power
plant

medium -
low -

Residential
houses

high - South of St. Johann,
3-5 story high rise
buildings

medium 60◦ C 8,6 GWh
low 35◦ C 103,23 GWh

O�ce buildings
high -

North of St. Johannmedium 60◦ C 8,91 GWh
low 35◦ C 128,35 GWh

Meat processor
high -

North of St. Johannmedium 60◦ C 7,44 GWh
low 35◦ C included into

o�ce buildings
(27374,56 m2)

Nursery
"rehabilitation"

high -
North-west of St.
Johann

medium 60◦ C 25,53 MWh
low 35◦ C 3,27 GWh

Nursery
"Lehrbetriebe"

high -
West of St. Johannmedium 60◦ C 31,03 MWh

low 35◦ C 3,97 GWh

Public hospital
high -

North-west of St.
Johann

medium 60◦ C 514,2 MWh
low 35◦ C 6,17 GWh

Psychiatric clinic
high -

North-west of St.
Johann

medium 60◦ C 1,46 GWh
low 35◦ C 8, 75 GWh
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4.2.3 Heating load per category

Heat energy demand values are giving references on how much energy is consumed per

year. In order to calculate the heating load, which is the power that is needed in order

heat energy a building to room temperature, the equation 3.1 (Guideline Series VDI 2067

page 2) was used.

Q̇heating load = Qdemand,catergory,T /(fv ∗ bV H) (3.1)

The value for fv = 1, 054 was taken for the location of Freiburg im Breisgau because

no value was given for Basel and Freiburg is the closest city mentioned in the VDI

guideline. It was assumed that both Basel and Freiburg are comparable because both

cities are located in the Rhine valley on about the same elevation above sea-level.

The values of the full utilization per annum bV H were taken from the guideline and are

shown in 4.5. It was assumed that the nurseries have the same hours of full utilization

per annum as the hospitals because nurseries need to be heated all time in winter.

Table 4.5: Heat load calculation, values for bV H

Urban function bV H (hr/a)

Single house 2100
Apartment house 2000
O�ce building 1700
Hospital 2400
School (single shift) 1100
School (multi shift) 1300

It was furthermore assumed that the hot water heating load remains constant throughout

the year while the heating load for space heating is half in spring and autumn and zero

in summer.
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Table 4.6: Heating load of selected urban categories and temperatures

Urban function Temperature
classi�cation

Winter Spring Summer Autumn

Power plants
high - - - -
medium - - - -
low - - - -

Residential
houses

high - - - -
medium 60◦ C 4,08 MW 4,08 MW 4,08 MW 4,08 MW
low 35◦ C 48,97 MW 24,49 MW 0 MW 24,49 MW

O�ce buildings
high - - - -
medium 60◦ C 4,97 MW 4,97 MW 4,97 MW 4,97 MW
low 35◦ C 71,63 MW 35,82 MW 0 MW 35,82 MW

Meat processor
high - - - -
medium 60◦ C 4,15 MW 4,15 MW 4,15 MW 4,15 MW
low 35◦ C included into o�ce buildings

Nursery
"rehabilitation"

high - - - -
medium 60◦ C 10,09 KW 10,09 KW 10,09 KW 10,09 KW
low 35◦ C 1,29 MW 0,65 MW 0 0,65 MW

Nursery
"Lehrbetriebe"

high - - - -
medium 60◦ C 12,27 KW 12,27 KW 12,27 KW 12,27 KW
low 35◦ C 1,57 MW 0,79 MW 0 MW 0,79 MW

Public hospital
high - - - -
medium 60◦ C 237,97 KW 237,97 KW 237,97 KW 237,97 KW
low 35◦ C 2,86 MW 1,43 MW 0 MW 1,43 MW

Psychiatric
clinic

high - - - -
medium 60◦ C 576,18 KW 576,18 KW 576,18 KW 576,18 KW
low 35◦ C 3,46 MW 1,73 MW 0 MW 1,73 MW

In this study the heating load values of middle and low temperature processes were

combined in order to estimate one heat energy demand value for each function category.

Table 4.7: Heating load of selected urban categories

Urban function Winter Spring Summer Autumn

Power plants - - - -
Residential houses 53,05 MW 28,567 MW 4,08 MW 28,57 MW
O�ce buildings 76,61 MW 40,79 MW 4,97 MW 40,79 MW
Meat processor 4,15 MW 4,15 MW 4,15 MW 4,15 MW
Nursery "rehabilitation" 1,30 MW 0,66 MW 10,09 KW 0,66 MW
Nursery "Lehrbetriebe" 1,58 MW 0,80 MW 12,27 KW 0,80 MW
Public hospital 3,09 MW 1,67 MW 0,24 MW 1,67 MW
Psychiatric clinic 4,03 MW 2,30 MW 0,58 MW 2,30 MW
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4.3 Step 3: Inventory of possible sinks and sources

An analysis of water bodies that might function as possible sinks or sources of heat

energy resulted in three categories: power plant, sewage system and river.

The bodies were calculated with equation 4.3.

Q̇wastewater = V̇ ∗ ρ ∗ cp ∗ ∆T (4.3)

Power plant

The district has three power plants: the incineration plant including a wood burning

plant and the heat power plant Volta. Trash is burned at 800�1150◦ C throughout the

year while the connected wood fueled power plant and the heat power plant Volta are

demand controlled and not working from June to August (AG, 2015). The heat energy

is used to feed the district heating system with about 190◦ C. The incineration plant, the

heat power plant Volta and the wood fueled power plant have a heat energy production

of about 700 GWh. The heating load was reviewed from IWB (2016a), IWB (2016b)

and AG (2015) or calculated by taking the operating hours into account. In winter there

are about 200 MW available while the heating load gets reduced in seasons with less

demand.

Sewage system

Other sources or sinks are the waste water system that is �owing in west-east direction

towards the river Rhine. Wastewater has a temperature of 10-12◦ C in winter and 17-

20◦ C in summer (Knies, 2015). The sewage system in Basel is, except for few exception,

a mixed system which means that sewage water and rain water are mixed in one sewer.

Water �ow rates were provided by the Construction and Transport Department of the

Kanton Basel-Stadt. The values are shown in table 4.8 and �gure 4.2.

The heat and cool potential for the district was calculated accordingly to the equation

3.2 with the dry weather �ow rates and 3 K temperature di�erence.



Chapter 4. Case Study Basel 51

Table 4.8: Water �ow rate for selected points in St. Johann, Basel

Location Dry
weather
�ow (l/s)

Strong rain water
�ow (l/s)

Dreirosenbrücke 450 16600
Train station 460 12510
Novartis Campus at the river Rhine next to the
French border a

50 22000

Intersection Burgfelderstrasse/ Luzernerring 410 10060
Intersection Kannenfelstrasse/ St. Johannes-
Ring

190 11450

Intersection Gustav-Wenkstrasse/ Flughafen-
strasse

30 3540

Elsässerstrasse at Hühningerstrasse 20 550

asubsurface river, no sewage water

Figure 4.2: Location for selected wastewater measuring points in St. Johann, Basel

The �ow rate for the Dreirosenbrücke, at which the wastewater is passing the river Rhine

and leaving St. Johann, was taken in order to calculate the heat and cool potential for

St. Johann.

River Rhine

The river Rhine is passing the district St. Johann with an annual mean temperature of

12,8◦ C. Temperatures in winter ranged in the years 1995-2014 between 2,2-4,4◦ C on

cold winter days and 23,5-25,2◦ C in summer (BAFU, 2016a). The �ow rate is from May
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to August the highest. 2444 m3/s were measured in 2014 as highest and 582 m3/s as

lowest at the measuring station about 20 kilometer upstream of Basel (BAFU, 2016b).

For �ow rates of 600 m3/s and 3◦ C temperature di�erence a theoretical potential of

7,56 GW was calculated. The Swiss law forbids to heat river water above 25◦ C (Anton,

2016). In winter the physical properties of water set boundaries to 0◦ C. To avoid reaching

the limits the potential was reduced by 50 % in winter and summer.

Table 4.9: Heat energy sources and sinks in urban water bodies

Urban func-
tion

Temperature
classi�cation

Winter Spring Summer Autumn

Incineration
plant and
wood fueled
plant

high 176 MW
190◦ C

135 MW
190◦ C

94 MW
190◦ C

135 MW
190◦ C

medium - - - -
low - - - -

Heat power
plant Volta

high 31 MW
190◦ C

15 MW
190◦ C

- 15 MW
190◦ C

medium - - - -
low - - - -

River Rhine high - - - -
medium - - - -
low 3,78 GW

2,2-4,4◦ C
7,56 GW,
13◦ C

3,78 GW,
23,5-2,2◦ C

7,56 GW
13◦ C

Sewage
system

high - - - -
medium - - - -
low 5,67 MW,

10-12◦ C
5,67 MW,
12-15◦ C

5,67 MW,
17-20◦ C

5,67 MW,
13-16◦ C

4.4 Step 4: Map of heat energy demand and source

A 7-point scale was used for the purpose of mapping heat energy source and demand.

The scale was designed to give a transparent overview of the analyzed qualitative and

quantitative heat energy demand and source. High temperatures and quantities were

ranked higher than lower temperature and quantities. The colored boundaries of an

area are symbolizing the expected wastewater temperature. Higher temperatures of

wastewater are expected in areas where comparable to other areas more hot water for

hygienic purposes is used. These areas were symbolized by red boundaries while blue

lines were used for colder wastewater. The dots were used to symbolize spots where

waste heat energy might occur due to cooling processes.



Chapter 4. Case Study Basel 53

Table 4.10: 7-point scale for evaluating heat energy demand and source

Rating Quality Quantity

+++ Temperature source T > 3◦ C Q̇ > 5 GW
++ Temperature source T > 3◦ C Q̇ > 1 GW

Temperature source T > 100◦ C Q̇ > 100 MW
+ Temperature source T > 20◦ C Q̇ > 1 MW
0 Potential low
- Temperature demand T> 35-60◦ C Q̇ > 1 MW

Heat energy storage Q̇ > 1 MW
- - Temperature demand T> 35-60◦ C Q̇ > 50 MW
- - - Heat energy storage Q̇ > 1 GW

Figure 4.3: Seasonal heat energy potential map of St. Johann with heat energy
demand and source
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4.5 Step 5: Possible heat energy linkages

The mapping of heat energy demand and source showed a heat energy potential especially

in north at the power plants throughout the year. Heat energy is especially needed in

the south for the residential areas in winter, spring and autumn while in industrial areas

the heat energy demand and source changes within a year. The river Rhine might be a

source and sink of heat energy throughout the year. High temperatures are available at

the power plants. Wastewater could be used for heating in residential areas. Additional

heat energy from cooling processes might be available for heating.

Figure 4.4: Seasonal heat energy potential map of St. Johann with possible energetic
linkages; the arrows indicate possible heat energy streams
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4.6 Step 6: Water as reasonable heat energy linkage

After the analysis of energetic heat energy potentials and demands possible means of

transport with existing infrastructure were analyzed.

4.6.1 Wastewater system

Main pipes of the wastewater system were symbolized by dotted lines. The water is

�owing in the pipes in west-east direction without connecting industry and residential

areas. The temperature of the wastewater resulted that heat energy extraction and

transport is possible.

4.6.2 River Rhine

The river Rhine is �owing from south to north and might be usable for both heating and

cooling. Without building new transport infrastructure this potential can only be used

in close proximity.

4.6.3 Freshwater system

The freshwater system has two main stations which feed the freshwater system in Basel.

The pipes are under steady pressure to supply urban functions. Due to the remote

position of the district next to the French border there are no pipes lying in south north

direction throughout the whole district. However, the sketch of the freshwater system

indicates that some connections between south and north exists. For further investigation

the �ow direction must be analyzed. This is not indicated in the map but can be di�erent

from the sewage system because the �ow direction is based on pressure in the pipes and

not on gravity like the sewage system.
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Figure 4.5: Seasonal heat energy potential map of St. Johann with demand and
sources of heat energy, and �ows of water bodies; the arrows indicate the �ow direction

of water

Preliminary summary

This chapter was aimed to illustrate and showcase the HSCA in St. Johann, Basel. The

six steps were followed in order to create maps of possible and reasonable heat energy

linkages. The heat energy demand and heat energy waste production of urban functions

was illustrated. The potential of the wastewater and freshwater system and the river

Rhine to function as sink, source and means of transport for heat energy were analyzed.

The results of this analysis are discussed in the following chapter.



Chapter 5

Discussion

The following two chapters are aimed to discuss the �ndings of this study in comparison

to the research questions and selected theory. It should be furthermore discussed how

the HSCA contributed to answer the research questions and if the hypotheses could be

veri�ed. Furthermore, a critical re�ection of the methodology is part of this chapter.

Recommendations for future urban planning practice and the contribution of this study

to planning theory should be given.

5.1 Re�ecting theory

The theory chapter in this study included a variety of topics like sustainable urban

energy development, thermodynamics and heat energy including the exergy principle,

urban water use, and energy networks.

The theories used in this study were categorized into four sub chapters:

• Sustainable urban energy development

• Thermodynamics and heat energy

• Urban water use and sustainable water management

• Spatial planning, scales and networks

The selected theories in this study introduced the UHA as principle to recycle waste

and use it as secondary resource. This principle was used in this study to analyze if

the recycling of waste heat energy is possible. The underlying reason to use waste heat

57
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energy was the potential to reduce fossil fuel consumption. The exergy principle supports

the idea to use energy for processes that �t the purpose. For space heating for example

lower quality of energy (waste heat energy) might be su�cient while for a steel company

high quality energy might be necessary. For an analysis of �t-for-purpose heat energy

linkages, sources of heat energy, consisting of heat energy that cannot be used at this

urban function any more, and demands of heat energy were coupled. In chapter 4.5

sources and demands were visualized on a map. Arrows were used in order to illustrate

how heat energy could be exchanged. The study indicates that recycling of waste heat

energy is possible. The �ndings support that heat energy at one urban function might

be waste while it can be used as a resource at other functions. Heat energy from power

plants or hot wastewater from hospitals can be used for space heating in residential areas.

But also other sources where heat energy is not indicated as waste, e.g. from rivers, can

be used for harvesting. There are evidences that the UHA can be characterized as way

towards sustainable HESs. According to the Brundtland commission, development is

sustainable if it "meets the needs of the present without compromising the ability of

future generations" (Commission, 1987). Urban harvesting is decreasing the dependence

on primary resources and therefore reduce CO2 emissions and mitigates the depletion of

resources, the social and economic vulnerability against economic and social dependence

on primary resources.

Principles of physics and thermodynamics were used in this study in order to connect

the urban fabric with heat energy streams. St. Johann, Basel, in Switzerland was chosen

as system which should be analyzed. System boundaries were drawn accordingly with

administrative boundaries. The district was not seen as isolated but as open system.

This means that energy and matter exchange with the surrounding urban fabric was

possible. This choice proved to be helpful because otherwise the wastewater entering St.

Johann in the west could not be taken into account (see �gure 4.2).

This study especially focused on water bodies as source of heat energy potentials. Es-

pecially the high heat capacity of water supports to function as source and sink of heat

energy. In chapter 2.4 the water bodies were introduced as means of transport for heat

energy. In this study it was analyzed if water systems like rivers or the sewage system

can function as heat energy infrastructure. The showcase St. Johann, Basel, supports

that water bodies can function as heat energy infrastructure. However, in contrast to
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electricity grids, the systems are not that �exible. Water infrastructures are character-

ized by a certain �ow direction which is powered by gravity. An exception in the water

sector might be the freshwater system in which water gets transported through pressure.

The electricity grid on the other hand is not dependent on gravity. In this grid, �ows can

at di�erent times �ow in opposite direction. The electricity grid can be used in both di-

rections. A consumers can draw electricity from the grid at one time and feed electricity

through production with e.g. solar panels at another time. In the water system, the �ow

is often limited into one direction from the water plant to urban functions (freshwater) or

from urban functions towards the treatment plant (wastewater). For the transportation

of heat energy this means that in a water system heat energy can only be transported

in one direction. The same water infrastructure cannot be used in both directions.

In this study not all parts or components of the water system were considered. One reason

is that in this study the aim was to focus on developing a spatial planning approach that

can be used to harvest residual heat energy with special focus on water bodies. It should

furthermore introduce water as means of heat energy transport in order to create a

sustainable HES. The aim was not to create an integrated urban water management

plan. The showcase in St. Johann, Basel, supports that in order to create a sustainable

HES, not all water bodies must be considered. Potentials were for example found in

the river Rhine and the sewage system (see chapter 4.3). More water bodies like the

freshwater system or ground aquifer might further contribute to establish a sustainable

HESs. Bach et al. (2014) furthermore suggests to work at a range of scales and establish

links with other cycles. As discussed in chapter 2.3, this can be for example done in

connection to nutrients or carbon in wastewater. Further research of these potentials is

necessary.

The work of Stremke et al. (2011), Bach et al. (2014) in particular and the theoretical

chapter 2.4 introduced distances, spatial scale and infrastructure as essential between

source and sink of heat energy. The showcase in this study illustrated that distances

between sources and sinks might be considered in a di�erent way than only metric values.

Residential areas for example in the east of St. Johann are much closer to the river Rhine

than in the west. Although both areas are characterized by heat energy demand for space

heating, the distance and existing infrastructure might make the potential of the river

more likely usable for areas closer to the river. On the other hand does the sewage system

�ow from west to east. The use of its potential might be possible to use at any location
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next to the system (see �gure 4.5). This means that the wastewater system and its �ow

direction connects areas while no existing infrastructure creates distances. A potential

created in the west for example could be used along the sewage system while potential in

the north on the other hand cannot be used easily in the south. The reason is that the

sewage system is not �owing in this direction. The same accounts for the river Rhine,

which is �owing from south to north.

5.2 Discussion of the HSCA

The HSCA approach consists of six steps. Spatial analysis is used to �nd heat energy

linkages and possibilities to use water as means of heat energy transport. For this

analysis urban functions are distinguished, the heat energy demand is estimated and

possible sources of heat energy are examined. Demand and sources are in another step

visualized on a map and linkages between them were drawn. In a �nal step it is analyzed

if water bodies could function as means of transport for heat energy.

In the following the application of the approach for the case of St. Johann is discussed.

Spatial inventory and analysis of spatial functions

Distinguishing the urban functions into categories of the same kind helped in the show-

casing of the district St. Johann, Basel, to divide between areas that consume heat en-

ergy (built-up), do not in�uence the urban HES (non-built-up) or can store heat energy

(water). The categorization made it easier to distinguish between di�erent demands

and sources while limiting the amount of work that is needed otherwise to analyze a

225,4 hectare area like St. Johann. It was possible in this study to identify areas of

the same kind of buildings like residential 3-5 story apartment houses, nurseries or meat

processors. Without categorization every single function would have to be analyzed

separately. The result were areas of the same kind of urban functions (see �gure 4.1).

Analysis of the heat energy demand for the most relevant function categories

It turned out to be di�cult to estimate the heat energy demand of the urban functions

in St. Johann. No speci�c data was available to calculate the heat energy demand for

most of the urban functions. However, empirical data from other studies and guidelines

could be used (see table 4.2). The analysis on a scale bigger than single buildings proved

helpful in this case because errors for single buildings might have been signi�cant while
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estimations on a larger scale with many buildings can, taking the Gaussian distributions

into account, reduce the error. However, more accurate data from energy companies for

example would help to create a more realistic heat energy demand overview.

Inventory of sinks and sources

The case of St. Johann supports that the categorization of urban function can help to

identify heat energy sources. These were mainly found in the north and water bodies:

power plants, sewage system and the river Rhine (see table 4.9). The analysis of water

bodies supports that they have high heat energy potentials. Especially the river Rhine

proved that with a potential of 7,56 GW in spring and autumn and 3,78 GW in winter

and summer has the potential in theory to heat the district of St. Johann throughout

the year.

There are references that the provided data for the wastewater system cannot be fully

correct. Wastewater with �owing rates of 410 and 190 l/s is entering the district of St.

Johann while only 450 l/s is leaving. There is no wastewater treatment plant in this

district. The plant is located on the other side of the river Rhine. All wastewater crosses

the river at the Dreirosenbrücke.

Mapping heat energy demand and source

The visualization of energy potentials and demands helped in order to get a spatial

overview (see �gure 4.3). The overview assisted in visualizing energy sources in the case

of St. Johann. Waste heat energy sources were especially available in industrial areas

while residential areas in the south had higher demand for space heating.

Illustration of possible heat energy linkages

The visualization of theoretical energetic linkages helped to identify possible direction

of energetic streams in the urban fabric (see �gure 4.4). These could help to illustrate

possible heat energy exchanges between urban functions. This is in line with the exergy

principle. An energy exchange might be useful in order to reduce waste and recycle heat

energy. The di�erentiation helped to identify heat energy demands during the year. This

analyzed gave reference that heat energy is not needed in the same amount and at the

same location all year. There are indications that some urban functions like nurseries or

o�ce buildings have high heat energy demands in winter while in summer they have an

excess of heat energy. This can result into cooling demands in summer (see �gure 4.3).
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Analysis of water as reasonable heat energy linkage

The analysis of the �ow direction of water resulted in a visualization of water streams on

a map through arrows. The streams could be compared with the possible energy linkages

of the previous step 5. In the case of St. Johann it was identi�ed if water streams can be

used to transport heat energy in the direction of the possible energy linkages. The result

was that this is only partially possible. Wastewater from the north could not be used to

heat residential areas in the south because the �ow direction of the system was eastwards

while possible heat energy streams would �ow southwards. However, wastewater from

the south and west of St. Johann could be used in order to heat residential houses. This

means that in this case water can be used to transform possible heat energy linkages into

reasonable heat energy linkages.

5.3 Re�ecting approach

The approach in this study took spatial analysis as starting point. Urban functions

were categorized and visualized on maps. As discussed in 5.2 this helped to simplify

the analysis and increased transparency. The reason is that without categorization a

visualization would have been di�cult for every single urban function.

For the purpose of this study, a categorization of heat energy demand into three tem-

perature were undertaken. The analysis of water use gave references that for residential

and o�ce areas mainly two temperatures are needed: 35◦ C for space heating and 60◦ C

for hot tap water. The case analysis in this study showed that most heat energy de-

mand is the result of space heating. For all residential areas in St. Johann for example

103,23 GWh for space heating is needed while the hot tap water demand is only 8,6 GWh

(see table 4.4). This means that for the total heat energy consumption in residential ar-

eas only 7,7 % is used for heating tap water. For functions with high demand for 60◦ C

water per m2 like the psychiatric clinic, 14,3 % of the heat energy is used for heating

water to 60◦ C. From an exergy perspective this means that most heat energy demands

in urban functions could be ful�lled with low temperature heat energy waste.

This study took periodicity into account. It especially focused on seasons and how

these in�uence the heat energy demand. The analysis in this study was based on the

assumption that no heat energy is needed for space heating in summer and that it is
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half in spring and autumn. No precise data were collected for this assumption. It could

be useful to analyze more deeply how periodicity in�uences the heat energy demand for

both space heating and hot tap water in order to get more di�erentiated and accurate

data. However, the results indicate that periodicity can be important to analyze heat

energy demands, sources and possible streams. The reason is that these can change

within a year and therefore generic connections between urban functions that produce

and need heat energy is not possible in order to ensure supply of heat energy all year.

The analysis in this study supported that in summer there is the tendency to be too

much heat energy while in winter heat energy waste is limited. In summer for example

computers, cooling devices and river temperatures produce heat energy or have higher

potentials than in winter. At the same time is the heat energy demand, for example

in residential areas, lower (see �gure 4.4). It would be possible to analyze heat energy

storages like urban aquifers in order to store heat energy (see chapter 2.2.4). A further

analysis between di�erences in day and night might also be useful.

More accurate data would help in order to estimate the heat energy demand. Empirical

data, which was analyzed in other cases than Basel, was used in this study. Planners

using the proposed approach can try to work closer together with energy companies in

order to collect data for the speci�c case.

The scale chosen in this study was a district. The boundaries were set accordingly to

administrative boundaries. An open system approach was chosen. The selection of the

system boundaries was done before any other analysis. The case of St Johann, Basel,

supports that this scale is big enough to analyze di�erent urban functions (see �gure 4.1).

The results furthermore support that the scale is still small enough to guarantee that

the data can be handled in a transparent and visual way. It was possible to categorize

di�erent functions and set boundaries. It was furthermore possible to �nd heat energy

sources and heat energy demands. However, the analysis was limited to one case. Further

investigation of other cases must be undertaken in order to prove the usability of the scale.

The case of St. Johann, Basel, however, indicates that setting boundaries accordingly

with administrative boundaries might not be always useful. Urban functions for example

that are located more in the west of Basel and therefore outside of the analysis could not

be examined. These urban function can have an in�uence on the wastewater temperature

that is �owing into St. Johann. Although the distance between St. Johann and other

parts in the west might be big, the wastewater system is connecting these areas.
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It could be useful in further studies to draw more �exible boundaries. In this approach

the area of interest, in which heat energy demands should be examined and energetic

linkages found, could be oriented accordingly to administrative boundaries. However,

the catchment area of the possible energy streams, in this case especially of the water

bodies, could be more �exible. In the case of St. Johann, the analysis for example could

be extended for the wastewater system to the catchment area in the West-Basel. This

would for example allow to �nd and use potentials in St. Johann that are created outside

the examined case in West-Basel.

5.4 Re�ecting methods

Literature review

The review of theories gave insights into the de�nition of sustainable HESs and the use of

water bodies in such a system. The review furthermore provided ideas and limits on how

such a system can be created for heat energy. The UHA and the exergy principle gave

reference to use secondary resources while information about networks gave references

about scale and transport possibilities for heat energy.

The literature review provided enough information in order to develop the HSCA. Vari-

ables like quality, quantity, periodicity could be combined with thermodynamic laws

including the exergy principle, and spatial scales in combination with energy networks in

order to develop a spatial planning approach that could help to establish a sustainable

HES.

The subchapter about urban water use and sustainable water management gave reference

that using water and managing it must "consider all parts, components , of the system"

(Bach et al., 2014). This could help to make measures "socially acceptable, economically

feasible and not harmful to biodiversity" (Stremke et al., 2011). Further research about

the in�uence of using urban water bodies for heat energy purposes must be undertaken.

Evaluation methods

In order to visualize energy potentials and demands, GIS data and programs like ArcMap

and Illustrator were used. The showcase St. Johann, Basel, indicated that visualization

of potentials can help to draw energetic linkages in an UHA for waste heat energy and

water bodies. A rating systems was chosen in order to score energy potentials and rank
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di�erent qualities and quantities. It was possible to rank criteria in this study. However,

some aspects of the energy analysis got lost in this simpli�cation. For example it was in

this study not distinguished between di�erent temperatures in order to rank the heating

load (see table 4.10). Only one value was for transparency reasons used to estimate the

heating load (see table 4.7).

It was furthermore di�cult to distinguish between heat energy sources and sinks. The

river Rhine for example could function as both. The same accounts for the sewage

system. For speci�c urban functions it was also di�cult to distinguish if they are a

sink or a source. A hospital for example has higher demands for 60◦ C hot water and

therefore also produces hotter wastewater. The hospital on the other hand has also

space heating demand. The methodology chosen in this study focuses on the exchange

between di�erent urban functions. In the case of the hospital it might be possible to use

the own hot wastewater for space heating. Such an approach was for example discussed

by Meggers and Leibundgut (2011).

In order to indicate expected areas of higher wastewater temperature, red boundaries

around an area were drawn. It is arguable if this approach is su�cient to show wastewater

potentials or if this might mislead to the assumption that the whole area has in general

the potential to function as heat energy source. The methodological di�culty was to

visualize di�erent temperature and indicate if these areas can function as source or sink

of heat. As explained before, in the case of the hospital for example, both facilities have

heat energy demand for space heating and could function as heat energy source because

of high wastewater temperature. Further research can be undertaken in order to �nd a

method which visualize information rich data in an aggregated and transparent way.

The case of St. Johann, Basel, also indicated that heat energy potentials are not limited

to water bodies. Computers in o�ce buildings and cooling devices from meat processors

are producing heat. This heat energy is usually released into the air. An exchange of

this heat energy with wastewater as mode of transport might be possible and could be

investigated further. Visualizing these might be another possibility for further research.
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Data collection

Three di�erent ways of collecting data were used in this study: internet document analy-

sis, document analysis and expert contacting to obtain data. Internet document analysis

and document analysis were used in order to �nd speci�c and empirical data for the case.

In some circumstances, no precise data was available. The heating demand of residential

areas for example is based in this study on empirical data. Contacting experts to obtain

data was used to get speci�c information. The map of the wastewater system and �ow

rates for example was provided through this way.

The HSCA requires di�erent sort of data. Without the availability of these the analysis

could not be conducted. It proved therefore helpful to use empirical data in cases where

no exact data is available. This might distort the results. However, the error can be

minimized if data is chosen that is likely to be comparable with the situation of the case.

The residential heat energy demand data for example was chosen from empirical data

that was collected in the same climate zone for buildings with the same age, height and

shape (apartment buildings) because it was assumed that these variables are in�uencing

the heat energy demand most.

The table 4.2 indicates another characteristic of buildings. Since the beginning of the

1990s the heating demand has been reduced more than in the years before. A reason

could be stricter regulations concerning heat energy consumption in new buildings. This

would mean for spatial planning that the changing demand for space heating is likely to

be lower in future. It could be helpful in practice to consider changing heating demands

in order to plan future HES.

Calculations

The chosen equations were usable in order to estimate heat energy demand and heating

load of buildings and water bodies. The use of Microsoft Excel was useful in order to

conduct the calculations. The results were transferred manually into tables and �gures

with Illustrator. For further research it could be helpful to develop an interface between

Excel and ArcMap or other programs with the ModelBuilder in order to automate the

transfer of data. A simple input template could make the approach easily usable for

other researchers and decision makers.
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Conclusion

6.1 Answering the research questions

Three research questions were the basis for designing the methodology of this research.

The following paragraphs are meant to discuss if and how these questions were answered.

The �rst research questions of this study was: What variables are important to identify

and use urban heat energy potentials in order to create sustainable HESs?

The selected theories resulted that quality, quantity, spatial scales in combination with

energy networks, periodicity and thermodynamic laws are central in heat energy plan-

ning. The approach in this study takes these variables into account.

Quality, quantity and periodicity are important in order to identify the amount of en-

ergy that is available or needed at a certain time. Without these variables, a su�cient

supply could not be guaranteed. Spatial scales and networks give reference on the spatial

distribution of energy and opens possibilities to create possible and reasonable linkages.

Taking the �ow direction of water for example into account in order to connect areas

is an example. Thermodynamic laws help to draw boundaries around an analysis and

introduce the exergy principle into spatial planning. Heat energy exchanges from low to

high temperature like from rivers to power plants are not e�cient from thermodynamic

perspective. Instead, the heat energy source and demand should have about the same

quality. This helps to identify how resources can be used in an e�cient and e�ective way

in order to reduce dependence on high quality energy carriers.

67
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The second research question was: How can a spatial planning approach help to develop

a sustainable HESs and what are the bene�ts of such a system?

Spatial planning can help to develop an analytic approach that can be used in decision

making processes for future planning. This approach can include the variables quality,

quantity, spatial scales in combination with energy networks, periodicity and thermody-

namic laws and connect these with the urban fabric. It is possible to show the spatial

distribution of heat energy for both, the demand and source. Furthermore, this approach

allows to draw linkages between these. Decisions can be made on this basis on which

linkages should be utilized and how these connections could be made. It is furthermore

possible to take the analysis as decision foundation on where to build an urban function.

This decision can be based on the aim to use waste heat energy. The urban function can

therefore be built where either it can use existing heat energy sources or where it can

function as heat energy source for other functions.

The bene�ts of a sustainable HES are the reduction of primary resource consumption.

Such resources are for example fossil fuels. The system is sustainable in a way that it

reduces both the consumption and dependence on primary resources. It therefore reduces

CO2 emissions and decreases social vulnerability in case of resource scarcity.

The third research question in this study was: What �ndings can be derived from the

spatial planning approach and the case study in order to identify the contribution of

urban water bodies towards sustainable HESs?

The theoretical analysis showed that water has a high heat capacity and that it therefore

can store heat energy better than air or soil. The physical property of water furthermore

supports the idea of using water as means of transport in order to connect sources

and demands of heat. The existing water infrastructure in the urban fabric creates

connections between di�erent urban functions that can do both: function as source and

sink of heat energy and as means of transport for the potentials.

The analysis of St. Johann, Basel, revealed that several water bodies are part of the

urban fabric. These were for example the river Rhine, the wastewater and freshwater

system. The analysis indicated that these systems are not used for energetic purposes yet.

There were for example no temperature data available for the water in the sewage system

and no case was found in document analysis or expert contacting which indicated that
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the Rhine is already used as sink or source of heat. Especially the river Rhine proved

that with a potential of 7,56 GW in spring and autumn and 3,78 GW in winter and

summer has the potential to heat the district of St. Johann.

Another speci�c of the case is that water infrastructure in Basel is owned by di�erent

institutions. The freshwater system for example is owned by the company iwb, the

wastewater system by the city itself and the river Rhine is managed by federal o�ces.

This separation of water management into di�erent institutions might, as literature in-

dicates, also be found in other places. Next to the separation in the energy sector this

might impede the creation of sustainable energy systems. Further investigation is, how-

ever, necessary.

There are evidences that the water infrastructure is connecting di�erent urban functions

and that it is creating a network. Distances between urban functions and the possibility

to use water infrastructure to transport energy potentials are not explicit dependent

on metric numbers. The possibility to use water as means of transport are much more

dependent on the �ow direction of the water.

There are some limitation of water bodies as means of transport. One limitation is for

example that, unlike the electricity grid for transporting electricity, there is not one water

body that can be used for transporting heat. Water infrastructure consists of sewers,

freshwater systems, rivers and other water bodies. Connecting urban functions in order

to create e�ective and e�cient systems might only be possible if several water bodies

are used. Heat energy in the sewage system for example can only be transported in one

direction because of gravity. In order to create e�ective and e�cient system, another

water body or other modes of transport must be used to transfer heat energy in the other

direction.

6.2 Findings for spatial and urban planning practice and

theory

The analysis of theories and the showcase in St. Johann, Basel, indicate that the UHA

can be used in order to recycle heat energy waste from water bodies and use it as sec-

ondary resource. This study furthermore supports the idea to use water bodies as source
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and sink of heat energy and furthermore as means of transport. This study therefore

contributes to the theory on urban harvesting and especially the work of Agudelo-Vera

et al. (2012) and Leduc and Van Kann (2013). It adds variables that need to be identi-

�ed in order to harvest heat energy from water bodies and shows reasonable transport

possibilities. The distinction between di�erent seasons and mapping these di�erences

is another new aspect of this study that contributes to the UHA and the mentioned

studies. Waste heat energy from the sewage system for example could be used in resi-

dential areas for space heating in winter. In summer the sewage system could be used for

cooling purposes. Visualization of potentials at di�erent periods on a map, drawing con-

nections between sources and demands and showing �ows of water can help to identify

opportunities.

Challenges in spatial planning might be the institutional separation of water bodies

and energy sector. For every water system in the analyzed case a di�erent company is

responsible. The freshwater system is for example owned by the iwb, which is also the

owner of the power plants. The river and the wastewater systems is, however, owned by

other institutions. The analysis in this study indicated that di�erent urban water bodies

might have to be used in order to create e�ective and e�cient systems. The reason is that

water is �owing in the systems in a certain direction. The sewage system is �owing for

example towards the treatment plant and the river towards the sea. The �ow direction

in the freshwater system might be of interest to use because the �ow is not driven by

gravity but pressure in the pipes. Flow directions in the opposite direction of the sewage

system might be possible.

The challenges for spatial planners in order to use water bodies might be furthermore to

expand the boundaries of their analysis beyond administrative frontiers. A heat energy

source might not be located next to objects that have heat energy demands. The heat

energy source might be located further away outside the system boundary. However, the

sewage system for example might connect the two locations. Including catchment areas

of water bodies into the analysis might help to solve this issue. The physical properties

of water, e.g. the �ow as a result of gravity, might mean for future planning that high

energy processes with high temperature heat energy waste might be located at areas that

are upstream. This would allow to use the water infrastructure to transport the heat

energy downstream to locations with heat energy demand.
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The �ndings in this study are based on theory and the analysis of one case. There are

evidences that the HSCA in this study can be useful in order �nd and link heat energy

potentials. However, the bene�ts and limitations of the HSCA must be veri�ed through

further investigations. These could include for example more water bodies and more

�exible boundaries.

Three variables have been used in this study to estimate heat energy demands and

sources: quality, quantity and periodicity. The quality gave reference where energy

potentials can be found (exergy principle), the quantity was used in order to identify if

enough heat energy is available and periodicity was used in order to ensure that supply

is guaranteed throughout the year. It was shown in this study that periodicity has

an in�uence on heat energy demand and availability. If during the year a shortcut or

overproduction occur, storage possibilities must be found in order to close cycles. Water

aquifers might be a possibility. If the quality is not �tting, either a quality surplus or a

lack of quality is occurring. A quality surplus should be avoided because from an exergy

point of view heat energy potentials are not used in an energetic favorable way in order

to create e�ective and e�cient systems. Additional urban functions could be introduced

that can close gaps. A lack of quality must be compensated through e.g. upgrading with

additional energy. A lack of quantity is most di�cult to o�set. For spatial planning a

lack of quantity means to widen the analysis and �nd additional heat energy resources.

The conclusion of this study is therefore the following. The UHA is useful in order to

use waste as secondary resource. Water is possible to function as sink and source of heat

energy and has high potential in order to create e�ective and e�cient HESs. Of special

interest is the high heat capacity of water. At the moment institutional fragmentation

and the lack of reliable data for both water (e.g. temperatures in wastewater systems) and

heat energy demand for urban functions might impede the application of water as heat

energy resource and grid. Furthermore, the existing urban fabric with its infrastructure

sets limits on the application of water bodies as means of transport. This study has

therefore three suggestions: 1. Future spatial planning should analyses if institutional

fragmentation is impeding the application of water infrastructure as heat energy resource

and grid. 2. Data for estimating demand and source of heat energy should be collected in

order to have more precise predictions. 3. Planning practice should take energy �ows and

especially the physical processes which are responsible for the �ows into account. Plans

should not oppose the (physical) possibility to exchange heat energy between functions.
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If spatial planning takes these advises into account, possible energetic linkages can be-

come reasonable through the connection with water bodies. The development of sustain-

able HESs can contribute to guide society into the third energy landscape.
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