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SUMMARY
The starting point of this research is the urgent need 
for reducing the current energy consumption and 
CO2 emissions, that is vital to mitigate climate change 
and the limitation of energy sources. This target can 
be achieved by creating more sustainable cities, since 
nowadays, the built environment, οf which residen-
tial buildings occupy the largest part, consumes huge 
amounts of energy worldwide, and have a major im-
pact on CO2 emissions.

Based on the vision of City-Zen project of creating fully 
sustainable and energy (carbon) neutral smart cities, 
and the European commission’s goal of reducing car-
bon emissions by 80-95% by 2050, the need for inno-
vative solutions regarding energy efficient residential 
retrofitting is growing. At the same time, different and 
complex methods to define sustainable measures, ac-
tions and interventions are used. The current research, 
aims to contribute at the City-Zen project for creating 
a structured energy urban planning approach, by an-
swering the following question: 

Which is the methodology leading to the design of a 
roadmap that helps to define which energy systems 
and retrofit measures should be applied where and 
when, on residential neighbourhoods of Amsterdam 
Nieuw West until 2050, for achieving their energy tran-
sition and CO2 emissions reduction?

Hence, the main objective of this project is the devel-
opment of a stepped methodology, to define a roadm-
ap that leads to the goal of the energy transition and 
CO2 emissions reduction of residential neighbour-
hoods in Amsterdam Nieuw West, through the suitable 
combinations of energy systems and retrofit measures 
on the timeline until 2050. 

The answer to the research question is given by devel-
oping an energy urban planning 4-step methodology, 
and by formulating a catalogue of energy and retrofit 
measures for the building, neighbourhood and district 
scale. The four steps are defined as the 1) mapping the 
present, 2) the definition of the future energy targets, 
3) the development of the strategy for selecting the 
suitable energy systems, and eventually 4) the design 
of the energy transition roadmap for selected neigh-
bourhoods inside Amsterdam Nieuw West district. 

This methodology is required to be followed step by 
step, applying the first three steps initially on the city 
scale for the sake of creating a smooth transition of the 
steps implementation process from city scale to neigh-
bourhood scale. These outcomes regard the definition 

of future energy targets scenario concentrating on 
heat demand, the main heat systems ratio in each dis-
trict, and the classification of suitable energy systems 
for Amsterdam’s neighbourhoods. 

Furthermore, the same steps are applied on neigh-
bourhood scale with minor changes, to get to the final 
step which is the roadmap design, comprised of 3 sub-
steps. First of all, the roadmap suggests the selection 
of suitable energy systems for 2050 for each one of the 
selected neighbourhoods. The selections are based 
on several variables retrieved by literature review. 
These variables lead to solutions for smaller clusters of 
dwellings consisting the neighbourhoods, formulated 
by similar construction characteristics and ownership 
status. Secondly, description templates are provided, 
one for each energy system, listing the used energy 
retrofit measures in steps, and quantifying the chang-
es in heat demand and in CO2 emissions according to 
each step. Finally, the collected retrofit solutions from 
the first two sub-steps are used in the final sub-step 
of defining the interventions on timeline. The changes 
in heat demand are visualised on 3-dimensional heat 
maps, showing the results of 5-year periods of retrofit 
actions, starting from today until reaching the final en-
ergy goal in 2050.

This thesis concludes with a structured energy urban 
planning methodology, that is certainly useful for Am-
sterdam municipality, that has an overview of the con-
text and current energy conditions, to help give more 
unified solutions of energy systems and retrofit meas-
ures applications for clusters of residential building 
blocks. The main focus of this work, is the CO2 emis-
sions and the heat demand reduction, not only for the 
selected neighbourhoods of Amsterdam Nieuw West, 
but also for the whole city of Amsterdam. The goals are 
illustrated in the running scenarios, and are set to 60% 
reduction for the city and 75% for Amsterdam Nieuw 
West district by 2050. Additionally, this approach is 
promising for further implementations on other cit-
ies of the world, even though the energy targets, the 
context and energy characteristics will probably differ, 
leading to the use of different energy systems. The en-
ergy transition of the selected neighbourhoods inside 
Amsterdam Nieuw West can be certainly achieved by 
following the developed roadmap. The remaining heat 
demands can be covered by the applied energy sys-
tems using local renewable sources. However, stake-
holders play a dominant role on the decision-making 
and further research is required, such as interviewing 
the owners and asking the energy suppliers about fu-
ture plans, for giving more detailed and accurate solu-
tions.

ABBREVIATIONS
BPIE
EU
EPBD
nZEB
ZEB
DHN
NOM
ATES
GSHP
COP
PV
PVT
SC
LT
HT

Buildings Performance Institute Europe
European Union
Energy Performance of Buildings Directive
Nearly Zero-Energy Building
Zero-Energy Building
Domestic Hot Water
Nul Op de Meter (Zero On the Meter)
Aquifer Thermal Energy Storage
Ground Source Heat Pump
Coefficient Of Performance
Photo Voltaic
Photo Voltaic Thermal
Solar Collector
Low Temperature
High Temperature
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1.1 BACKGROUND
1.1.1 Climate change   
Climate change is a burning issue nowadays, 
since the consequence of the rising temperature 
through the last decades is becoming more and 
more threatening for our planet. It is a global issue 
that is felt also on local scales, and it is so complex 
that people of different dimensions, scientists and 
politicians, are needed for making decisions on the 
mitigation of climate change. The climate change 
results the extend of “greenhouse effect” accord-
ing to most climate scientists, that constitutes the 
main cause of global warming, where certain gas-
es in the atmosphere create a layer that traps heat 
that radiates from Earth towards space (“Global 
Climate Change”). 

The energy services required nowadays serving the 
basic human needs, such as lighting, cooking, space 
comfort and mobility, drive to the global use of fos-
sil fuels. Due to the burning of fossil fuels the con-
centration of carbon dioxide (CO2) has increased 
dramatically over the last century. Historically, it is 
proven that CO2 concentration has increased by 
more than a third since the beginning of the Indus-
trial Revolution. CO2 is the main substance of the 
atmosphere “forcing” the climate change (Pachau-
ri et al., 2014).

Additionally, the building sector plays an impor-
tant role in CO2 emissions since buildings account 
for 40 % of total energy consumption in the Un-
ion, where residential buildings occupy the biggest 
part. As the building sector expands, the need for 
the energy use expands too. Consequently, impor-
tant energy measures for the reduction of energy 
consumption, and for the production of energy 
through renewable sources need to be applied on 

existing and new buildings, in order to reinforce 
the Union’s independency on energy produced by 
fossil fuels. In this way, the resulted CO2 emissions 
will also be reduced (DIRECTIVE, 2010/31/EU).

1.1.2 EU2020 to EU2050 goals
The European Union has developed a strategy that 
has to be followed by all its members for reaching 
the goals set for keeping the global temperature 
increase below 2°C, with CO2 emissions and ener-
gy demands reduction from 2020 to 2050. One of 
the first countries that have already adopted and 
started implementing this strategy is the Nether-
lands. The aim for the EU Member States is to re-
duce emissions by at least 20% below 1990 levels 
by 2020, and by 80-95% by 2050. According to the 
low-carbon economy roadmap of the European 
Commission, the low-carbon transition is feasible 
and affordable by setting milestones to achieve 
40% emissions cuts by 2030 and 60% by 2040, and 
with the contribution of all sectors (“2050 Low-Car-
bon Economy - Climate Action - European Commis-
sion”).

Regarding the building sector, a percentage of 90% 
emissions reduction is possible for dwellings and 
office buildings, and the reduced energy bills are 
expected to recover the investments through time. 
The ways for the energy transition of the building 
sector are through the passive housing technolo-
gy of new buildings, the refurbishment of existing 
buildings (insulation of buildings and more efficient 
comfort installations), and the substitution fossil 
fuels by local renewables for satisfying the needs 
for heating, cooling, cooking and other energy de-
pended human activities. The electricity is going to 
come from renewable sources, such as wind, sun, 
water and biomass (Rohde et al., 2012). 

1.1.3 Amsterdam’s need for energy retrofit 
measures   
Amsterdam is one of the cities that intend to be-
come climate friendly and energy efficient until 
2050 and totally independent of fossil fuels in later 
plans. Amsterdam have already started following 
the practical climate ambitions recommended by 
the Intergovernmental Panel on Climate Change 
(IPCC) for developed countries, and is going to 
strive to achieve a 75% emissions reduction in CO2 
by 2040 and 100% by 2050.

For the energy transition of the city the ways al-
ready mentioned are followed, regarding the new 
buildings energy efficiency, the old buildings refur-
bishment and the use of renewable energy tech-
nologies. As the existing residential buildings cover 
the most of the Amsterdam’s built area, there is an 
urgent need to bring retrofit and energy measures 
into action. Some of these measures are already 
used, others are under development, and there is 
a lot of research already conducted for residential 
retrofit of the typologies in the Netherlands, and 
thus in the city of Amsterdam (Municipality of Am-
sterdam, 2015).

1.1.4 Energy urban planning and REAP approach

Under the energy goals for the mitigation of cli-
mate change, energy efficiency and CO2 emissions 
reduction can be achieved more sufficiently when 
the interventions are made on bigger scales, with a 
variety of renewable sources being connected with 
the energy infrastructures of the cities. Also, by 
using the energy district networks, and the waste 
heat or free cooling from the low-exergy energy 
sources, the energy consumption in new and exist-
ing buildings can be considerably reduced. By using 
energy saving measures on individual buildings and 
connecting them to the district heat network can 
be more cost effective than a full retrofit, not in all 
cases though. (Energy, R., 2013). Thus, actions for 
optimising the building elements of single building 
blocks, neighbourhoods and districts are required 
for a holistic energy upgrade approach of urban ar-
eas (Strasser & Helmut, 2015).

Through the Rotterdam Energy Approach and Plan-
ning (REAP), in order to transform the city of Rot-
terdam to CO2 neutral until 2025, a methodology 
serving the energy urban planning was developed 
based on the New Stepped Strategy. This strategy 
suggests firstly the reduction of the energy demand 
through smart and bioclimatic design, by consider-
ing the built area as a part of the context, secondly 
the reuse of waste streams, and finally the use of 
renewable sources and the reuse of waste as food 
to complete the remaining energy needs. Also, it 
can be applied in all scales, from the building, to 
the neighbourhood, to the district and to the city 
respectively (Tillie et al., 2009).
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1.1.5 City-Zen approach and vision for Amsterdam 
Nieuw West

The general vision of the European City-Zen pro-
ject aims at creating clean, smart and cooperative 
cities with a high level of liveability and prosperity, 
where decision makers and citizens work together. 
Data exchange between infrastructures is very im-
portant for effective investments and the achieve-
ment of Zero (carbon) energy cities. The objective 
of this project is to provide cities and citizens with 
methodologies to help them achieve the EU ener-
gy goals of 2020 and beyond. A catalogue of dif-
ferent sustainable measures is under development 
to give solutions on technical and non-technical 
level to integrate strategies where suitable inter-
ventions are determined on a timeline (Broersma 
& Fremouw, 2015).

The Amsterdam Nieuw West district is one of the 
demonstration projects of urban energy master 
planning with short term and long term sustaina-
ble interventions of the City-Zen approach. Under 
the scope of transforming the area in an energy/
carbon neutral district and improve the inhabit-
ants’ quality of life, different strategies are defined, 
such as smartifying the e-grid, the retrofit of exist-
ing residential building and the improvement and 
expansion of the district heat grid (“City-Zen”).   As 
the efficiency requirements of the new buildings 
are expected to have a limited impact in energy 
consumption reduction, since the average build 
rate is assumed as 1% per year, the attention is di-
rected on existing buildings (Broersma & Fremouw, 
2015).

1.1.6 Problem formulation

Based on the vision of City-Zen project of creating 
fully sustainable and energy (carbon) neutral smart 
cities, and the goal of EU for carbon emissions re-
duction 80-95% by 2050, the need for innovative 
solutions for district heating expansion, smartify-
ing the e-grid and for energy efficient retrofitting 
is created. In this project, the retrofit of residential 
buildings is emphasised since the majority of the 
2050 buildings already exists. 

The cities’ built environment not only consume a 
major part of energy production worldwide, but 
also, have a major impact on CO2 emissions, while 
the residential buildings constitute the biggest part 
of the building stock. A drastic reduction of ener-
gy and CO2 emissions is crucial for the mitigation 
of climate change and energy sources shortages. 
Under the aim of creating more sustainable cities, 
different and complex methods to define sustaina-
ble measures, actions and interventions are usually 
used.

1.2 PROBLEM STATEMENT
There are several existing strategies to deal with 
the retrofit of different residential typologies. 
Moreover, for Amsterdam Nieuw West there is not 
a clear structured approach for residential retrofit 
interventions referring to different scales.

Hypothesis
Until today, most of the retrofit projects result-
ed individual building retrofit attempts. However, 
the optimal energy performance results can be 
achieved with their connection to the city’s im-
proved energy networks. Based on this hypothesis, 
the solutions for optimizing the retrofit of residen-
tial buildings affect and have to be made on differ-
ent scales in Amsterdam Nieuw West. However, in 
this project, the interventions will be optimized on 
neighbourhood scale, while taking into considera-
tion also the district and building scale.

Final product 
A stepped methodology that guides to the creation 
of an energy transition roadmap with residential 
retrofit interventions on a timeline, for the neigh-
bourhoods with different site energy conditions, 
referring to neighbourhood combinations inside 
Amsterdam Nieuw West district. The roadmap in-
cludes a decision-making flowchart for selecting 
energy systems, one filled out template for each 
energy system describing the on-site applications 
of suitable combination of energy saving measures 
and renewable energy technologies, and the af-
ter-retrofit energy need for heating, for electricity 
regarding the heat pumps and the decrease in CO2 
emissions. The retrofit steps on timeline and the 
changes in heat demand will be visualised through 
3-dimensional visualizations.
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1.4 RESEARCH QUESTIONS
Which is the methodology leading to the design 
of a roadmap that helps to define which energy 
systems and retrofit measures should be applied 
where and when, on residential neighbourhoods of 
Amsterdam Nieuw West until 2050, for achieving 
their energy transition and CO2 emissions reduc-
tion?

Sub-questions

• Which are the current energy demands 
and potentials of Amstedam city?

• Which are the future energy goals until 
2050?

• Which are the suitable energy systems and 
the retrofit measures that can be applied on build-
ing, neighbourhood and district scale?

• Which residential typologies exist in Am-
sterdam Nieuw West neighbourhoods and which 
are their ownership and energy characteristics?

• Which neighbourhood should get which 
combination of energy systems and retrofit meas-
ures and when?

• Which are the decision points of the 
roadmap for the different neighbourhoods in Am-
sterdam Nieuw West with retrofit interventions on 
timeline?

1.3 OBJECTIVES
The main objective is the development of a stepped 

methodology, to define a roadmap that leads to 

the goal of the energy transition and CO2 emis-

sions reduction of residential neighbourhoods in 

Amsterdam Nieuw West, through the suitable com-

binations of energy systems and retrofit measures 

on the timeline until 2050.

Sub-objectives

• Collect data concerning the current energy 
demands and potentials of Amsterdam city.

• Determine specific energy goals for Am-
sterdam city and Amsterdam Nieuw West district.

• Organise the energy  and retrofit measures 

in a catalogue concerning different scales.

• Organise the residential building blocks 
with the similar construction and ownership char-
acteristics in clusters. 

• Define the suitable energy systems for the 
residential clusters inside each neighbourhood

• Determine optimized combinations of en-
ergy and retrofit measures for each case and calcu-
late the energy performance after retrofit

• Determine the appropriate time for retro-
fit interventions
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1.5 APPROACH AND METHODOLOGY    
For the development of the present graduation project, 
a literature review was preceded for the formation of 
a valid basis. The main objective is the development of 
an energy urban planning methodology, leading to the 
roadmap design for achieving the goal of the energy 
transition and CO2 emissions reduction of residential 
neighbourhoods in Amsterdam Nieuw West, through 
the suitable combinations of energy systems and retrofit 
measures on timeline until 2050. The general research 
framework used, follows a combination of the approach-
es of design by research and research by design. 

In order to accomplish the aim of the project, the basic 
steps followed are: 

1. The literature review regarding the energy ret-
rofit of residential buildings, and the context analysis of 
Amsterdam city and of neighbourhoods in Amsterdam 
Nieuw West district.

2. The development of an energy urban planning 
methodology, where the energy and retrofit measures 
are organised in a catalogue and a 4-step methodology 
is developed.

3. The application of all collected information ac-
cording to the 4-step methodology on city and neigh-
bourhood scale respectively.

4. The final roadmap design for the energy transi-
tion of the neighbourhoods in Amsterdam Nieuw West.
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1. Literature review
For the first part of the literature study, different 
aspects of residential energy transition are ana-
lysed. The first aspect concerns the European com-
mission’s and Amsterdam Municipality’s future 
energy goals until 2050, to help define the energy 
goals for this project. The second aspect refers to 
the existing residential building typologies in the 
Netherlands, to get an image and identify them 
accurately during the context analysis. The typol-
ogies are retrieved by the European project Tabula 
(“TABULA Webtool”), where the requirements for 
the energy need for heating per typology are also 
gathered. 

Furthermore, extended research on retrofit meas-
ures and energy systems is conducted, in order to 
understand which measures reduce, reuse or pro-
duce energy, and how the energy systems work. 
Additionally, case studies of residential retrofit 
contribute in identifying the scale applicability of 
the different measures. The information on meas-
ures of all kinds of scales is useful to recognize the 
optimal solutions for neighbourhoods, as the aim 
of the project indicates. The last aspect investigat-
ed under the topic of residential energy transition, 
regards the existing energy urban planning meth-
odologies. The knowledge earned from this aspect 
is essential for the formulation of a stepped meth-
odology in later stage, to lead to the creation of 
the energy transition roadmap of residential neigh-
bourhoods. 

The next step is the context analysis referring to 
Amsterdam city and to Amsterdam Nieuw West 
neighbourhoods, to use the relative data for apply-
ing the steps leading to the final roadmap design. 
Starting from the context analysis of Amsterdam 

city, proposals for specific alternative energy sys-
tems, that can replace in the future the use of nat-
ural gas are studied. The current energy demands 
of natural gas and electricity, as well as the ener-
gy potentials offered from renewable sources, are 
found in the Energy Atlas of Amsterdam Southeast 
(Geert den Boogert et al., 2014). By knowing the 
energy potentials from each source, the most suita-
ble systems can be classified. A list of requirements 
for applying each system is crucial to help define 
the variables that determine for which neighbour-
hood each system is most suitable. The mentioned 
energy potentials refer to the renewable sources 
of sun, wind, water, geo, domestic waste, biomass 
and waste heat from buildings and industries.

Regarding the context analysis of neighbourhoods 
in Amsterdam Nieuw West district, the first step 
was to determine a smaller number of neighbour-
hoods for retrofit interventions, due to the limited 
time for this project, leading to the selection of the 
Slotermeer-Zuidwest and Slotermeer-Noordoost 
neighbourhood combinations. An extraction of 
data concerning the description of each dwelling 
(e.g. the housing typologies, the ownership, the 
construction year) and the energy consumption 
(e.g. gas, electricity and the resulting CO2 emis-
sions) was conducted. The local energy potentials 
are identified as well (Haan).

2. Energy urban planning methodology devel-

opment
In this chapter, the research on the energy systems 
and retrofit measures, and case studies regarding 
their on-site applications, contributes in the defini-
tion of a catalogue of measures, according to their 
energy characteristics (reduce, reuse or produce), 
and their application scale (building, neighbour-
hood, district). This catalogue includes the solu-
tions that are used at the stage of the roadmap de-
sign, to define on-site energy retrofit applications 
inside each neighbourhood. Moreover, after an 
overview of existing energy urban planning meth-
odologies, a 4-step methodology is developed in 
order to get to the final result of the roadmap for 
the selected residential neighbourhoods of Am-
sterdam Nieuw West, starting the process of ener-
gy transition from the city scale, to get step by step 
to the neighbourhood scale.  

3. Application of energy urban planning meth-
odology steps
At this point, all data from the preceded literature 
review and context analysis is used to implement 
the stepped approach shown in the following fig-
ure, of 1) mapping the present, 2) defining the fu-
ture energy targets, 3) developing strategy for se-
lecting suitable energy systems, and finally 4) get 
to the desired roadmap design aiming the energy 
transition of residential neighbourhoods. The first 
3 steps, are initially applied on the city scale to get 
to the outcomes of the main (high and low tem-
perature) heat systems ratio in each district, and 
of classifying the suitable systems for Amsterdam’s 
neighbourhoods.

Afterwards, the stepped methodology indicates to 
go back to step 1 and apply the steps for the select-

ed neighbourhoods in Amsterdam Nieuw West. In 
order to get to step 4, the roadmap design, a de-
cision-making diagram is developed, that helps to 
select the suitable energy systems for applications 
on the appropriate time for each neighbourhood. 
This decision-making tool contributes in categoriz-
ing the dwellings in clusters consisting the neigh-
bourhoods, based on defined variables regarding 
their construction and ownership characteristics, 
guiding to the suitable energy system for each case.

4. Roadmap design
For accomplishing the design phase of the roadm-
ap 3 sub-steps are required, 1) the selection of 
suitable energy systems for 2050 for each one of 
the selected neighbourhoods, 2) the description of 
the energy system and retrofit measures, and the 
corresponding changes in heat demand and CO2 
emissions that are listed in templates, and 3) the 
definition of the interventions determined by the 
2 previous sub-steps on timeline, starting from to-
day and ending in 2050. The first stage is to apply 
the decision-making diagram to define the suitable 
energy systems for the clusters inside each neigh-
bourhood. The already collected data through lit-
erature review gives answers to the variables guid-
ing the selection of systems, thus forming the 2050 
vision for Slotermeer neighbourhoods. In the next 
stage, description templates are filled out, one for 
each basic energy system, listing the energy sav-
ing measures and renewable energy technologies 
applied on different clusters, through the steps of 
reduce, reuse and produce heat, to fulfill the re-
maining heat demand after reduction, including 
also the produced electricity to satisfy the need 
for heat pumps’ operation, when low temperature 
heat systems are applied. For the completion of 
the roadmap, all variables for choosing systems



20 21

and for prioritising dwellings for interventions, are 
used to determine the retrofit steps on a timeline 
to the energy transition of the area, illustrating on 
three-dimensional heat maps the changes in heat 
demand at 5-year intervals. 

Boundary conditions 
-   The intervention site is restricted in fewer neigh-
bourhoods inside Amsterdam Nieuw West than in-
tended at the beginning of the research, due to the 
time limit for the project conduction 

-   Several scenarios were developed allowing to 
follow the process step by step, like the average ef-
ficiency of the currently used boilers, the gas and 
electricity amounts in 2050, the high temperature 
and low temperature availability in 2050, and the 
heat demand reduction for the whole city and 
separately for the selected neighbourhoods inside 
Amsterdam Nieuw West. 

Amsterdam Nieuw 
West neighboorhoods

Step 1a
Energy demands

Step 1b
Energy potentials

Amsterdam city

Step 1a
Site determination inside 
Amsterdam Nieuw West

Step 1b
Buildings description & 
Energy demands

Step 1c
Energy potentials

Leading to the roadmap final design
ENERGY URBAN PLANNING METHODOLOGY STEPS

Step 3
Strategy for selecting 

energy systems

Step 2
Define future 

energy targets

Step 1
Map the present

FINAL DESIGN
Step 4a
Define suitable energy 
systems in 2050 for each 
neighbourhood

Step 4b
Describe energy systems 
and retrofit measures 
leading to 2050 vision

Step 4c
Define the interventions on 
timeline

Step 4
Roadmap design

Step 3a
Set variables for selecting 
the suitable energy system

Step 3b
Set priority criteria for 
on-site interventions

Step 3c
Develop decision-making 
diagram for on-site inter-
ventions on appropriate 
time

Step 3a
Develop scenario for 
dividing the main heat 
systems through the 
districts of Amsteram

Step 3b
Main heat systems ratio 
in each district

Step 3b
Classify energy systems

Step 2a
Desired future heat 
demand

Step 2b
Low and high temperature 
heat potentials & 
technologies for each 
system

Step 2a
Future scenario for natural 
gas and electricity use

Step 2b
Desired future heat 
demand
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1.6 PLANNING AND ORGANISA-
TION

1.7 RELEVANCE

Societal relevance 
Socially related, people who are involved in the 
residential retrofit of areas are benefited from this 
project. Not only the consultant engineers and the 
architects are included, but also the residents of 
the buildings. The energy retrofit results in preser-
vation of existing dwellings which is a sensitive top-
ic for the residents, and in a better quality of living. 
Additionally, the energy savings and the avoidance 
of using fossil fuels, contribute in the reduction of 
energy bills and generally in the mitigation of cli-
mate change that affects everyone without excep-
tion.

Scientific relevance
In the scientific aspect, first of all, the project is di-
rectly related to the City-Zen project that aims at a 
roadmap development for the energy transition of 
urban areas, and the creation of clean, smart and 
cooperative cities with a high level of liveability and 
prosperity. Also, the energy transition of Amster-
dam Nieuw West is one of the current projects of 
City-Zen. This project, intends to contribute in City-
Zen project by giving possible retrofit solutions for 
a part of Amsterdam Nieuw West, as well as, by 
creating a roadmap that can be used further the 
energy optimization of other residential districts.
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02 
RESIDENTIAL ENERGY RETROFIT
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2.1 ENERGY GOALS
In this sub-section, the future energy goals set by 
the European commission and Amsterdam munici-
pality are presented and summarized, contributing 
in defining the 2050 goal for this project at a later 
stage, regarding Amsterdam city and Amsterdam 
Nieuw West district.

2.1.1 European commission’s energy goals
Current environmental events like the increase of 
average global temperature on Earth due to the 
greenhouse effect have driven European Union 
to define more strict energy priorities for the next 
coming years. Hence, EU has announced the 2020 
Energy Strategy that aims, from the timespan be-
tween 2010 and 2020, 1) to achieve at least 20% 
reduction in greenhouse gases emissions, 2) to ex-
pand the current share of renewable energy within 
EU to at least 20% of consumption and 3) to overall 
ameliorate the energy efficiency by at least 20%.

Moreover, EU countries reach a consensus about 
the objectives that should be achieved by 2030 re-
garding their energy strategy. This set of objectives 
includes a significant reduction of at least 40% in 
greenhouse gas emissions as well as an increase of 
the amount of renewable energy with no less than 
27%. In addition, EU countries also agreed to an 
energy efficiency increase at least 27%, which will 
be assessed by EU with the potential of raising the 
goal to 30% by 2030. Finally, EU countries agreed 
on the completion of the internal energy market by 
achieving 15% electricity interconnection among 
them as well as the encouragement of developing 
important infrastructure projects. By complying 
with the aforementioned goals, Europe should be 
able to achieve a rather notable reduction of 60% 
regarding greenhouse gas emissions by 2040 with 

even greater reduction between 80% and 95% 

compared to 1990 levels by 2050

2.2.1 Amsterdam municipality’s energy goals
Following EU’s vision, that aims in a substantial re-
duction of greenhouse gas emissions, Amsterdam 
aims to be fossil fuel-free by defining several strict 
goals. The municipality of Amsterdam aim for a 20% 
increase in renewable energy production by pro-
moting wind and solar energy as well as by making 
more use of renewable heating. Another goal is to 
shrink the energy usage by 20% compared to 2013, 
by providing sustainable solutions to existing hous-
ing stocks as well as by promoting energy-neutral 
construction. Another measure is the reduction of 
energy consumption by corporate real estate and 
social real estate. Consequently, these measures 
will lead to a reduction in usage of fossil-based en-
ergy and simultaniouslty to a substantial increase 
of renewable energy production. This outcome 
will result in lowering Amsterdam’s greenhouse 
gas emissions by 40% and 75% by 2025 and 240 
respectivley compared to 1990 (source: Structuur-
visie Amsterdam 2040). Current CO2 emissions are 
at 4,437 kilotons a year.

Nevertheless, achieving the goals, that were men-
tioned previously, implies that current measures 
which aim for energy generation and energy saving 
should be accelerated. Municipality of Amsterdam 
aims for a further expansion of the district heating 
grid as well as to make more use of wind and solar 
sources.  Hence, the new goals, regarding renewa-
ble sources like wind and solar, are set for 18 meg-
awatt (MW) of extra wind energy, 150 MW of extra
solar energy (around 950,000 square metres of so-
lar panels). In addition, they aim for a substantial 
expansion of the district heat grid with approxi-

mately 102,000 connections. Furthermore, new 
potential measures regarding biomass such as heat 
generated by waste energy plant should be exploit-
ed too.

The following table shows an overview of the fu-
ture energy milestones, defined by the European 
commission and the municipality of Amsterdam, in 
percentages concerning the energy reduction, the 
share of renewables, and the CO2 emissions reduc-
tion.

EU2020 to 2050

Amsterdam municipality’s goals

Energy reduction

2020

20% 27% - -

20% 27% - 50% -

20% 40% 60% 75% 100%80-95%

2030 2040 2050Comparing to 1990

Share of renwables

CO2 reduction

Table 1: Future energy targets overview
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2.2 RESIDENTIAL BUILDING 
STOCK IN THE NETHERLANDS
Residential and non-residential buildings result 
the two main categories that the building stock 
can be divided into. There are different types like 
offices, commercial buildings, schools, hospitals, 
apartment buildings, terraced or detached houses 
etc. This project focuses on the retrofit of residen-
tial buildings, and knowledge about the age of the 
building, the typology, the size, the construction-
al features and the ownership is necessary for the 
identification of possible retrofit options. Also, not 
only the energy demands of the building blocks are 
needed, but also, the energy potentials offered by 
the excess energy of surrounding buildings with 
different functions and from renewable sources. 

Understanding the typology and age of the housing 
stock in the intervention area will help to identify 
what types of measures will be most effective and 
which should be promoted on the buildings in the 
area. The age of the building is useful as it indicates 
information about their construction type. This is a 
fact that applies not only in the Netherlands, but 
also, in the whole Europe. In the Netherlands, like 

in other European Countries, it is considerable that 
many residential buildings were built massively af-
ter World War II (figure 1), and it is also important 
that building regulations that mandate thermal 
insulation of building envelopes were introduced 
after the 1970s resulting in the poorly insulated 
majority of houses. Common construction and 
energy characteristics recognized among different 
housing blocks, contribute to determine retrofit 
strategies that can be applied more effectively on 
bigger scales, and in optimized solutions for differ-
ent neighbourhoods (Konstantinou, 2014).

2.2.1 Existing residential typologies
Regarding the different existing residential typolo-
gies in the Netherlands, they are distinguished from 
their position in relation to other dwellings in the 
neighbourhood and from the number of housing 
units in one building block (Konstantinou, 2014). 
Based on the main results of the episcope project, 
which is involved with the Monitor Progress To-
wards Climate Targets in European Housing Stocks, 
the basic typologies in the Netherlands are the 
single-family houses, the terraced houses, the mul-
ti-family houses and the apartment blocks (figure 
2). In the following figure, the typologies are also 
categorized based on their region, their construc-
tion year class and their additional classification. In 
further study, the additional classification for the 

single-family houses is detached or semi-detached 
house, for the terraced is middlerow or endhouse, 
for the apartment blocks it is gallerijflat or portiek-
flat, and the multifamily-house are also named as 
maisonettes (“NL The Netherlands”). The housing 
typology is important for the identification of in-
formation concerning the energy performance and 
specific construction characteristics that is crucial 
for the decision of which retrofit measures should 
be combined (Konstantinou, 2014). 

Fig. 1: Age distribution of the residential building stock (source: Itard and Meijer,2009, p. 35) Fig. 2: Age distribution of the residential building stock (source: http://webtool.building-typology.eu/#bm)
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2.2.2 After retrofit heat demand per typology 
In the current sub-section, a research is conduct-
ed that concerns the heat demands that can be 
reached after applying deep retrofit measures on 
the existing typologies in the Netherlands. This re-
search is required for the indication of the expect-
ed values, that not only depend on the residential 
typology, but also, on the construction year class 
(table 2).

2.3 RETROFIT MEASURES
The energy retrofit measures aim at reducing the 
energy consumption for existing buildings. For 
achieving the optimal energy performance results 
of a building, there should be a balance between 
the rational use of energy and the production of 
energy in order to complement the remaining en-
ergy needs. Based on this fact, in this project, the 
energy measures are separated in the three main 
categories of energy saving measures (reducing the 
energy use in existing dwellings), energy exchange 
(between buildings and building zones), and re-
newable energy technologies (producing energy in 
building and district scale).

There is a variety of possible energy retrofit meas-
ures that can be combined in several ways. For in-
stance, energy savings can be achieved by improv-
ing the performance of the building envelope and 
recovering heat from the ventilation losses, and 
energy production by significant use of solar panels 
or renewable - based district heating. These exam-
ples of measures are limited comparing to the ex-
isting and under development range, and it is cer-

tain that each combination is a direct result coming 
from the available local solutions and sources. The 
buildings require different combinations of meas-
ures based on their location, form, orientation, cli-
mate severity, period and quality of construction, 
and other possible factors (Mørck et al., 2014).

Different measures used for retrofitting houses for 
the reduction, reuse and production of energy are 
illustrated on the following table:

Single-Family 
House

Construction year class Apartment BlockMulti-Family 
House

Terraced House

... 1964 48.0 43.8 40.7 41.7

1965...1974 46.2 41.2 36.7 37.0

1975...1991 43.8 39.3 38.2 39.3

1992...2005 43.9 37.5 36.5 35.7

2006...2014 40.9 35.5 33.7 34.8

Table 2: Total primary energy demand for Heating and DHW (kWh/m2) per typology (source: http://webtool.building-typology.eu/#bm)

ENERGY SAVING MEASURES ENERGY EXCHANGE MEASURES RENEWABLE ENERGY TECHNOLOGIES

Exterior walls insulation Waste heat recovery for district heat network Photovoltaic’s (PVs) 

Roof insulation Waste heat recovery for building heating Solar Collectors (SC)
Ground floor/basement ceiling/basement 

wall insulation
Energy exchange between building zones Photo Voltaic Thermal systems (PVT’s)

High-performance windows Energy exchange between buildings
Heat pumps (ground source, air, water or waste 

heat)
Energy efficient lighting Energy cascade Deep Geothermal systems

Shading systems - Solar protection
Smart appliances (dishwasher, clothes washer 

& dryer, Refrigerator, water heater)
Aquifer Thermal Energy Storage (ATES)

Efficient mechanical ventilation system (with 
heat recovery)

Road collectors with ATES

Shower heat exchangers Waste-to-energy district heating plant
District heating boiler fuelled by electricity, 
biogas, wood pellets, wood chips (usually as 

backup heating systems)
Combined Heat and Power (CHP) system fuelled 

by biogas or biomass
Wind turbines

QUANTIFICATION 

ENERGY SAVING MEASURES REDUCTION
Exterior walls insulation

Roof insulation
Ground floor/basement ceiling/basement wall insulation

High-performance windows
Energy efficient lighting

Shading systems - Solar protection
Efficient mechanical ventilation system (with heat recovery)

Shower heat exchangers
ENERGY EXCHANGE MEASURES

Waste heat recovery for district heat network
Waste heat recovery for building heating
Energy exchange between building zones

Energy exchange between buildings
Energy cascade

Smart appliances (dishwasher, clothes washer & dryer, Refrigerator, water heater)
RENEWABLE ENERGY TECHNOLOGIES PRODUCTION

Photovoltaic’s (PVs) 
Solar Collectors (SC)

Photo Voltaic Thermal systems (PVT’s)
Heat pumps (ground source, air, water or waste heat)

Deep Geothermal systems
Aquifer Thermal Energy Storage (ATES)

Road collectors with ATES
Waste-to-energy district heating plant

District heating boiler fuelled by electricity, biogas, wood pellets, wood chips (usually 
as backup heating systems)

Combined Heat and Power (CHP) system fuelled by biogas or biomass
Wind turbines

Smart meter

REDUCE REUSE PRODUCE

Table 3: Retrofit measures per energy property (sources:http://www.ashraeasa.org/pdf/TVVL-study--Roadmap-to-nZEB--2014.pdf, 
Konstantinou, 2014)
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2.4 RENEWABLE ENERGY SYS-
TEMS
“District energy is being developed in the 45 cham-
pion cities because of its ability to dramatically re-
duce the carbon intensity of heating and cooling, 
lower energy costs, improve air quality, increase 
the share of renewables in the energy mix, reduce 
reliance on fossil fuels and energy imports, and in-
crease the resilience of cities” (Energy, R., 2013). 
In this process, synergies between the supply and 

production of heat, cooling, electricity and DHW 
are developed through a variety of technologies. 
In figure 3, the historical development of district 
energy networks and the associated energy pro-
ducers and receivers, for four generations starting 
from the 1880s and end up to 2020-2050 that ex-
presses the fourth one. For dutch housing, heating 
space and DHW is the main concern, that can be 
achieved by several renewable energy systems, 
some in combination with DHN and some not, de-
scribed in the following paragraphs.

District heating network (DHN)
District heating makes efficient use of the waste 
heat of energy and waste plants. However, the ur-
ban heat network can also make use of biomass, 
heat pumps, heat storage, solar boilers and oth-
er various technologies (see figure 5). The system 
works as follows: water at high temperature (ap-
proximately 100 ° C) is conveyed to the city through 
a primary conduit. In secondary networks, the 
heat will be further transported for building heat-
ing, floor heating and hot water. The temperature 
in the secondary networks is lower (around 70 ° 
C), 40 ° C) return). In Amsterdam, each year 5000 
households connect to district heating networks 
(“Stichting Warmtenetwerk”).

Fig. 3: Historical development of district energy networks (source: http://wedocs.unep.org) Fig. 5: District heating network energy sources and end-users (source: http://wedocs.unep.org)

Fig. 4: District heating pipe in Tübingen, Germany
(source: https://en.wikipedia.org/wiki/District_heating)
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ZERO-ON-THE-METER (NOM)
With a NOM house, all incoming and outgoing en-
ergy flows annually into balance. The NOM is a con-
cept to make the transformation of existing build-
ings into zero energy buildings, simpler, cheaper 
and faster. The concept of NOM provides a local 
structure, professional advice and cheap financing 
in the form of a foundation at district or village lev-
el. It allows homeowners are able to realize energy 
savings and sustainability without investing own 
money. 
Every building needs a specific approach to make 
the house zero energy with the lowest budget. 
But the first step is always lowering the energy 
demand and avoiding heat losses as much as pos-
sible. Principles like energy efficient lighting, de-
mand-response appliances, home energy manager, 
grey water recovery, wall and roof insulation, high 
performance thermal windows/doors, geothermal 
heating and cooling system and high efficiency 
heat pump could be used.  The next step is add-
ing principles that produce energy like wind power 
systems, solar thermal heating systems and solar 

panels (“Nul Op De Meter”). 

All-electric
In all-electric buildings, gas is no longer used, and 
only electrical systems are used for space heating 
and for DHW. Just like NOM system, first lowering 
the energy demand is needed, and high efficiency 
appliances can be used as well as energy produc-
tion techniques. However, it does not mean that 
the building will reach the balance of energy con-
sumption and production through the year. Espe-
cially in the case of high rise dwellings that the roof 
area offered for PVs and SCs cannot cover the total 
demand for electricity, heating and hot water (Ge-
meente Amsterdam, 2016).

Small-scale heat network connected to ATES
Excess heat or cold from local businesses and pro-
cesses can be stored in ATES and be provided in a 
Low Temperature heat network in order to heat a 
residential neighbourhood and cool buildings with 
cooling demands. This system is especially suitable 
for large residential buildings, hospitals, offices or 
shopping centers, greenhouses and industrial sites. 
ATES system operates in a seasonal mode where 
the cooled water used in Summer reaches ± 7 °C 
and the heated water can reach a maximum of 
15-20 °C (“Technieken: Ondiepe Bodemenergie - 
Opensystemen | RVO.Nl”). 

“In an open-loop TES system the surface water is 
in contact with the water from a depth of 50 to 
150 metres below the surface via a limited num-
ber of pipes. The groundwater is pumped to the 

surface and via a heat exchanger, then returned via 
an injection well. Variants of open-loop TES include 
doublet, mono-source and flow-through systems.” 
(Geert den Boogert, L. H. (2014). Energy Atlas Am-
sterdam Southeast)

Fig. 8: NOM ‘ZURINGHOF’ (source: https://materia.nl/article/zuringhof-smart-facade-isolation/zuringhof-zero-on-the-meter-part-
ly-because-smart-facade-isolation-7/)

Fig. 7: ATES summer operation for cooling (left) - ATES winter operation for cooling (cooling) (source: http://www.underground-en-
ergy.com/ATES.html)

Fig. 6: ATES system in Summer (left) - in Winter (right) (source: 
(Bloemendal, Olsthoorn and Boons 104-114)
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Combined Heat and Power system (CHP)
Combined Heat and Power or Cogeneration heat 
and electricity are produced at the same time, 
creating a higher overall efficiency compared to 
separate production. “CHP plants generally have a 
steam turbine, and gas CHP plants have a gas tur-
bine as well. The turbines produce electricity, and 
the excess heat can be provided to a district heat-
ing network. Combined cooling, heat and power 
(CCHP) plants have an absorption chiller that can 
use heat to produce cooling for district cooling sys-
tems”(UNEP, 2017). It should be noted that CHP is 
only sustainable when solid biomass or green gas 
is used as a fuel. 

CHP installations are interesting in cases of con-
stant heat demand, where electricity can be uti-
lized directly. The non-used amount of electricity 
returns back to the local grid, minimizing the losses 
compared to decentralized power plants. CHP sys-
tems can also be used as emergency power equip-
ment and are often applied in utility buildings and 
healthcare institutions. In the Netherlands, these 
systems are repeatedly used in greenhouses be-
cause of the stable heat and electricity demand 
(“Roadmap to nearly Zero Energy Buildings”).

Deep geothermal system

Deep geothermal system operates with the extrac-
tion of hot water heated by the earth, which can 
then be used in district heating networks. Outside 
of the seasonal variations, the geothermal gradi-
ent of temperatures through the earth’s crust is 
found about 30 °C per kilometre of depth in the 
Netherlands. The extraction heat site will be slowly 
cooled down over time, in the case that the heat 
extraction happens at a faster rate than the geo-
thermal gradient can provide heat, and can lead to 
depletion in the long run (“Roadmap to nearly Zero 
Energy Buildings”). At shallow geothermal system a 
pit of about 2 kilometres depth is drilled, and deep 
geothermal system involves wells with a depth 
of about 6 kilometres. The heat from the shallow 
wells can provide with heat approximately 2,000 
homes (4 MW), with deep wells around 20,000 
dwellings (40 MW). The sources can be beaten 
near a heating network and connected so easily to 
it (Gemeente Amsterdam, 2016).

Green gas
Green gas is a general name for all gases that re-
place natural gas and it is produced from biomass. 
Green gas mainly consists of methane (CH4) and 
can be also called as SNG. SNG stands for Substitute 
Natural Gas and is fully exchangeable with fossil 
natural gas. Green gas has the same characteristics 
and specifications as fossil natural gas and makes 
use of the existing infrastructure. Biomass can be 
converted to green gas by the gasification process 
with efficiency of approximately 70%. Gasification 
is an innovative process that decreases CO2 emis-
sions. Large scale implementation of green gas also 
increases security of supply. Green gas can be in-
jected into the natural gas grid and can be used for 
all the same applications where natural gas is cur-
rently used for. (“Green gas explained”). Green gas 
is primarily a suitable solution in the case historic 
buildings that have strict restrictions for any modi-
fications (Gemeente Amsterdam, 2016).

Ground Source Heat Pump (GSHP)
GSHP (Ground Source Heat Pump) systems are 
closed loop systems in which ground heat exchang-
ers are used in two types, vertical and horizontal 
systems. Vertical GSHP seem to be more conven-
ient in the Netherlands because of the limited 
space. However, in large building plots horizontal 
systems are also possible. For vertical GSHP, the 
heat exchanger may be pressed into the ground or 
may be inserted into a drilled borehole. The depths 
of vertical boreholes usually lie between 20 and 
250 meters. The average annual heat extraction is 
over 0.1 GJ/m2 (1000 GJ/ha) and cold extraction is 
0.045 GJ/m2 (450 GJ/ha) (“Roadmap to nearly Zero 
Energy Buildings”).

The energy efficiency of closed systems is on aver-
age a bit lower than in open systems. Closed sys-
tems are usually applied per house, but a collec-
tive system for an apartment building or multiple 
dwellings is possible. The depth and the number 
of boreholes can be defined by the capacity of the 
heat pump, soil type and available space (“Tech-
nieken: Ondiepe Bodemenergie - Gesloten Syste-
men | RVO.Nl”).

Fig. 11: Biomass-based CHP plant (source: http://alfa-img.
com/show/plant-power-biomass-fuelled.html)

Fig. 12: Geothermal Energy Capture from Hot Rocks (source: 
http://www.mpoweruk.com/geothermal_energy.htm)

Fig. 9: Green gas system description (source: www.ecn.nl/
fileadmin/ecn/units/bio/Leaflets/b-08-026_Green_Gas_ex-
plained.pdf)

Fig. 10: GSHP system in Summer (left) - in Winter (right)  
(source: (Bloemendal, Olsthoorn and Boons 104-114)
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Photovoltaic thermal hybrid solar collector 
(PVT)
PVT panels are a combination of photovoltaic pan-
els and thermal panels, with the thermal panels 
located on the back of the PV panel. The efficiency 
of a PV panel increases with decreasing tempera-
tures. By using a thermal collector underneath the 
PV panel, the temperature of the PV panel is low-
ered, resulting in a higher electrical efficiency on 
the one hand, and in the availability of hot water 
on the other hand. This water can be buffered into 
a tank for later use. PVT panels are preferred to be 
installed on roofs and oriented to the south (“Pho-
tovoltaic Thermal Hybrid Solar Collector”).

Photovoltaic (PV)
PV technologies are mostly applied in the build en-
vironment, like modular PV panels that have an av-
erage efficiency of about 50%. They can also cover 
large areas in the city in order to create collective 
power plants and send electricity to the grid. Now-
adays, building integrated techniques are becom-
ing more available, on facades or creating shading 
systems. The retrofit of panels is also arising, since 
PV modules have a life cycle of at least 30 years. 
Sun tracking systems are under development as 
well, however, in most cases the panels are fixed 
on flat or tilt roofs (“Roadmap to nearly Zero Ener-
gy Buildings”).

Solar collector (SC)
The main functionality of solar collectors is to har-
vest radiation energy and transform it with a heat 
exchanger. Beside their use on individual building 
blocks, solar collectors can be sorted in fields for 
feeding the DHN with HT heat (UNEP, 2017). The 
ability of combining solar collectors with other 
heating and hot tap water systems is the reason 
that makes ‘solar collector systems’ attractive. 
Solar thermal roofs can be connected to a GSHP 
system with a heat exchanger, and with an ATES 
system combined with a heat exchanger as well  
(“Roadmap to nearly Zero Energy Buildings”). 

Fig. 13: PVT panel description (source: https://en.wikipedia.
org/wiki/Photovoltaic_thermal_hybrid_solar_collector)

Fig. 17: District loop of solar collectors connected to bore-
hole seasonal termal storage (source: http://solarconsultant.
ca/2017/02/06/drake-landing-solar-community/)

Fig. 16: Glazed flat plate SC description (source: https://www.
designingbuildings.co.uk/wiki/Solar_thermal_systems)

Fig. 15: Solar photovoltaic panels field in Bavaria, Germany 
(source: https://en.wikipedia.org/wiki/Photovoltaic_thermal_
hybrid_solar_collector)

Fig. 14: PV panel description (source: http://www.dupont.
com/products-and-services/solar-photovoltaic-materials/
photovoltaic-backsheet-films/products/tedlar-film-based-
backsheets.html)



40 41

2.5 RESIDENTIAL RETROFIT 
CASE STUDIES
Criteria for selection of case studies
The first limitations for selecting case studies are 
the use and the location of the buildings, since the 
project deals with the residential energy transition 
of Amsterdam Nieuw West. That means that they 
are all energy retrofit examples of residential are-
as in the same climate zone as Amsterdam. What 
needs to be identified from the case studies are the 
energy efficiency measures and the renewable en-
ergy technologies that are combined on different 
scales, referring to the retrofit of residential build-
ings and to the creations and extensions of the 
heat network on district scale. The case studies on 
building scale are analyzed based on the typology 
of the house, the building construction type, the 
envelope elements, and the technical installations 
of heating, hot tap water, ventilation and electricity 
production. On district and neighbourhood scales, 
the interest is on the extension of the existing heat 
network and on the creation of smaller heat net-
works in combination with renewable technologies 

2.5.1 Oostland - From district to city
Description

The first case study of Oostland, concerns an exist-
ing study of energy transition in district scale, while 
scale as well, and follows the principles of City-zen 
project (Broersma & Fremouw, 2015). Oostland is a 
dutch region near Rotterdam, for which an energy 
urban study was made in order to collect data for 
the local energy demands and potentials, and give 
suitable energy solutions for the improvement of 
the local energy system. Following this process, an 
energy transition plan was proposed for the city of 
Pijnacker (Van den Dobbelsteen et al., 2014). 

Basic principles

The energy transition plan starts from identify-
ing the demands and potentials through Energy 
Potential Mapping (EPM). The proposed solution 
refers to a district heating network, that is con-
nected with small scale heat networks to provide 
with heat sufficiently smaller parts of the district, 
and the heat is supplied from technologies utiliz-
ing local sustainable sources. The Small-scale heat 
networks represent the concept of energy cascade 
based on the function and construction specific 
heat demands. Figure 18, illustrates a geothermal 
heat source sends heat to a new built neighbour-
hood, that goes to an old neighbourhood and to 
innovative greenhouses before returning to the 
source as the temperature lowers.  

Steps

Initially, the energy demands and potentials of the 
area are identified, as already mentioned, and in 
figure 19, there is an example for the average per 
neighbourhood heat demand of the households 
and deep geothermal heat potentials (Van den 

Dobbelsteen et al., 2014). Afterwards, the plan is 
to create small heat networks serving parts of the 
city with high energy demands. Some potential-
ly suitable renewable sources are planned to be 
connected to these smaller networks in order to 
supply them with heat. Afterwards, a main district 
heat network will be created, where the smaller 
networks will be connected to in the future. Also, 

the small-scale networks deliver heat both to the 
new neighbourhoods with well insulated resi-
dential buildings, and to the old neighbourhoods 
where retrofit measures need also to be applied. 
The Oostland study is a good example of the en-
ergy transition process of a district in steps, even 
though they are not defined on a timeline (figure 
20). 

Fig. 18: Proposal of a geothermal cascade that consecutively 
supplies and older and newer residential area and a well- per-
forming greenhouse area based on and quantified by the ener-
gy potential maps (source: Broersma et al., 2013b)

Fig. 19: Energy potential maps of heat demand of households in Oostland (left) and of deep geothermal wells (right) (source: 
Broersma et al., 2013b)

Fig. 20: Concept for an organically expanding district heating infrastructure for a self-sufficient Pijnacker  (source: Broersma, 2014)
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Energy and retrofit measures
In figure 21, the concepts of applying different re-
newable energy technologies based on local po-
tentials, on the Small-scale heat networks are illus-
trated. The application of energy saving measures 
is not shown in the figures but they are considered 
anyway in the cases of retrofitted neighbourhoods.  
There are several concepts for old neighbourhoods. 
In the first one, the heat network is connected to 
a heat pump that is combined with heat and cold 
storage. In another concept the heat pump is con-

nected to closed greenhouse where the heat ex-
changes, and to a heat and cold storage. There is a 
case that the heat pump is connected to solar heat 
collectors in asphalt and again to heat and cold 
storage, and a case that the heat network is con-
nected to combined heat and power for the supply 
of heat and electricity to the old neighbourhood. 
Regarding new neighbourhoods there is a concept 
of connecting the heat network to geothermal 
heat exchange. 

Fig. 21: Energy concepts for small scale heat networks on local potentials  (source: Broersma, 2014)

Fig. 22: Building after retrofit (right) and before retrofit (left) 
(source: Mørck et al., 2014)

Fig. 23: Diagrammatic top view of the area of retrofit(source: 
Mørck et al., 2014)

 2.5.2 Wijk van Morgen, Kerkrade - from build-
ing to neighbourhood
Description
This project includes 153 social-rental houses of 
which the 70 are double-storey apartments and 
the 83 are single-family houses. This complex of 
residential buildings is located in Kerkrade city near 
Maastricht and it was built in 1974. All dwellings 
have been refurbished in one year, starting from 
June 2012 and finishing at June 2013. The main 
construction is consisted of load-bearing brick 
walls and concrete slab floors. The duration of the 
refurbishment should be 8 working days because 
it was decided that the residents should stay in-
side through the process. Therefore, the interven-
tions were made on the external surfaces of the 
buildings. The facades were out of two wooden 
elements and the windows of single panes. The en-
velope was not insulated and the dwellings had a 
gas fired central individual heating system (Mørck 
et al., 2014).

Basic principles
The basic principle of this case study was to achieve 
the Passive House standard, and the exploitation of 
solar energy has also a main role. The renovation 
concept should be repeatable under the purpose 
of the energy upgrade of a whole neighbourhood.

Energy and retrofit measures
First of all, the facades and roofs were fully re-
placed by prefabricated elements. Also, the roof 
panels were integrated with solar PV and thermal 
systems. The dwellings now have balanced me-
chanical ventilation with high efficiency heat recov-
ery. Finally, a high efficiency condensing boiler and 
the solar thermal collectors provide the houses 
with heating and domestic hot water.
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2.5.3 Retrofit case study in Trumpington, 
Cambridge - from building to district
Description
The described case study represents a competition 
entry in Cambridge named “Retrofit for the Fu-
ture”. The main research aim is about discovering 
what retrofit and energy measures offer the abili-
ty for upgrading the energy performance rating of 
existing social houses to label “A”, and rapidly re-
duce the CO2 emissions. The chosen housing type 
is named as BISF, as British Steel Association, and 
is constructed from prefabricated steel building el-
ements. The specific selected house is located  in 
Trumpington, in the city of Cambridge, built in 1947, 
and there is a mass of the same houses built in the 
same period after the was in UK. The envelope has 
metal sheet claddings on the walls and a pitched 
DECRS roof. The roof was refurbished in 2001. The 
windows were replaced  in 1997 with PVCu double 
glazing, and the heating system that was installed 
in 2009 is Vaillant Ecotec Plus 831 Gas Condensing 
Combi boiler. The retrofit team is composed of PRP 
Architects, Hill Partnerships, Cambridge City Coun-
cil, Department of Architecture  of the Cambridge 
University (Sunikka-Blank et al., 2012).

Basic principles
The development of a feasible and reproducible 
retrofit strategy for all dwellings that have the 
same type in the UK to achieve an “A” energy label.

Energy and retrofit measures
To achieve the goal of transforming the energy rat-
ing to “A”, energy efficient building installations, as 
well as micro-renewables of energy were needed, 
to balance the energy consumption of the houses. 
For space heating, high-efficiency, low-emission 
balanced flue gas boiler with a flue gas heat re-
covery was used, to send heat to the existing ra-
diators. Waste heat recovery units were placed to 
baths and showers. Also, a constantly working me-
chanical extract ventilation with a user-controlled 
boost was placed in the kitchen and the bathroom 
and trickle ventilators were located in the replaced 
windows. The lights in the building were replaced 
with LED lights and the kitchen equipment was re-
placed with “A++” energy-efficient white goods. Fi-
nally, for the use of renewable energy solar collec-
tors and polycrystalline photovoltaic (PV) systems 
were installed.

Fig. 24: Building after retrofit (right) and before retrofit (left) (source: Sunikka-Blank et al., 2012)

2.6 ENERGY URBAN PLANNING 
METHODOLOGIES
2.6.1 Europe’S Buildings Under the micro-
scope - BPIE model
This project occupies with the subject of the devel-
oping different scenarios aiming to make the build-
ing stock in Europe significantly more efficient, by 
following different renovation pathways in the pe-
riod of 2010-2050. 

These pathways are formulated mainly based on 
three variables. The first one is the rate of reno-
vation, giving a ratio of the renovated building 
blocks per year leading to slow, medium, and fast 
rates. The second one is the depth of renovation, 
given in minor depth pursuing 30% energy savings 
by using 1-3 measures, moderate depth aiming at 
60% savings with 3-5 measures, deep renovation at 
90% by using a wholistic approach with a package 
of measures, and nZEB when renewable energy 
technologies are used for covering the remaining 
demand. The third variable is about the renovation 
cost which corresponds to the renovation depth.

A model was used to create scenarios with various 
speeds (slow, medium and fast) and depths of ren-
ovation (minor, moderate, deep and nearly zero 
energy), and all scenarios refer to one time build-
ing renovation between 2010 and 2050, beside the 
two-stage scenario which allows renovation inter-
ventions in two times during the same period. The 
results of the different scenarios vary regarding 
the CO2 emissions savings, however, the deep and 
two-stage scenarios have similar results, following 
the European CO2 reduction targets. In two-stage 
scenario, about half amount of money is needed 
for investment (Economidou, M. et al., 2011), con-
cluding that retrofit in stages is more cost-effective.

2.6.2 From Trias Energetica to REAP method-
ology
Trias Energetica is a well-known sustainable ener-
gy approach that points at the energy transition 
of built areas, comprised of three steps regarding 
the reduction of the energy demand, the use of re-
newable energy sources and the use of fossil fuels 
efficiently.

Even though Trias Energetica strategy has been 
recognized as a logical and environmentally con-
scious approach, it seems that renewable sourc-
es have not been exploited as much as possible 
the last years, leading to the greater use of step 1 
and step3. However, step 3 is the least sustainable 
solution, creating the need for reformulating this 
approach, to generate the New Stepped Strategy 
(Tillie et al., 2009). What differs in this strategy is 
the addition of a new step after step 1 of reducing 
the demands, and the removal of step 3 of using 
finite energy sources efficiently. Hence, the New 
Stepped Strategy is introduced in three steps that 
can be implemented on building level. These steps 
refer to the reduction of the energy consumption, 
the reuse of waste energy streams, and the use 
of renewable energy sources while ensuring that 
waste is reused as food.

REAP (Rotterdam Energy Approach and Plan-
ning) methodology exploits the principles of New 
Stepped Strategy by proposing the application 
of the steps on different scales, from building to 
neighbourhood, from neighbourhood to district, 
and from district to city. This approach pursues 
the optimal energy efficiency results, not only on 
building scale through individual attempts that do 
not interact with the surroundings, but also for the 
context of a whole city (Tillie et al., 2009).
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2.6.3 City-Zen methodology steps
The main goal of City-Zen project is to develop a 
structured energy urban planning approach, point-
ing at the energy transition of cities, and for help-
ing them achieve the EU energy goals of 2020 and 
beyond. Even through, several methodology steps 
are already defined to reach this objective, they 

are still under construction, and there is definitely 
room for testing and improvement.

At the present moment, six steps are defined by 
City-Zen approach. The first step is “map the pres-
ent and near future”, which has to do with the col-
lection of basic info and data on different levels of 

of the context. These levels concern the geograph-
ical-physical environment, the technical energy 
potentials through energy potential mapping, the 
financial barriers and opportunities, the social envi-
ronment, the political environment, and the future 
and ongoing projects taking place in the city. The 
second step is to assume several possible future 
scenarios effecting the city, since the future cannot 
be predicted precisely, through local, national and 
international scenario studies. The third step con-
cerns the collection and organisation of suitable 
measures in a catalogue, as well as the collection 
of case studies, offering inspiration for the meas-
ures’ on-site applications. Moreover, in step four, 

the energy targets and milestones are defined for 
the creation of a future scenario. Step five regards 
the roadmap design, where actions and strategies 
are determined to define suitable solutions on 
timeline, on technical and strategic level, and final-
ly, step six has to do with re-calibrating and adjust-
ing the already determined goals and milestones at 
set intervals, since the environment and actors can 
change over time (Broersma & Fremouw, 2015).

Fig. 25: The REAP methodology (source: Tillie et al., 2009)

Fig. 26: City-zen approach framework (source: Broersma & Fremouw, 2015)
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03
CONTEXT ANALYSIS
The present chapter is intended to give an idea of the 
energy conditions of Amsterdam city regarding the suit-
able alternatives of natural gas fuelled heat systems, 
as well as the current energy demand and potential 
maps. A second section presents an analysis of each 
dwelling for data extraction concerning the functions, 
the typology type, the energy consumption and the 
resulting CO2 emissions, that is conducted for select-
ed neighbourhoods inside Amsterdam Nieuw West. 
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3.1 AMSTERDAM CITY
Based on the goal of Amsterdam municipality to 
turn Amsterdam city in a city with no gas and zero 
CO2 emissions until 2050 (Gemeente Amsterdam, 
2016), different alternatives and a strategy for their 
implementation need to be figured out. According 
to studies conducted by Amsterdam municipali-
ty, there are already some attempts to develop a 
strategy serving the preservation of the heat sup-
ply in the built environment for the future gas-free 
Amsterdam.

3.1.1 Proposed energy systems & application sce-

narios for Amsterdam city
As described in these studies, the proposed alter-
native systems concern 1) turning existing houses 
to all-electric or NOM, 2) extending the DHN, 3) 
creating heat networks in smaller scale combined 
with heat and cold storage where heat comes from 
local sources like offices, supermarkets and data-
centres, and 4) substituting natural gas with green 
gas (Gemeente Amsterdam, 2016). These four al-
ternatives are studied further at later stage in or-
der to find their on-site application requirements. 

Fig. 31: Existing scenatrios of on-site energy systems applications (source: Gemeente Amsterdam, 2016)

There is always the possibility that different sys-
tems can be combined. The most suitable system 
or the most attractive source depends on territori-
al and building characteristics and varies from area 
to area. The most sufficient solution to reduce the 
energy demands and eliminate CO2 emissions in a 
city is when heat supply is combined with retro-
fit measures and the interventions include both 
city and building scale. In big cities, the best way 
to achieve a climate-neutral built environment is 
by using a large heat source. For the city of Am-
sterdam, DHN is an appropriate alternative to gas 
boilers in buildings and in parts of the city where 
there is no sufficient space for individual solutions. 
Also, it is the perfect solution in case that buildings 
have a high heat demand even after insulation. 
(Gemeente Amsterdam, 2016) 

The configuration of solutions for the application 
of energy systems in different areas of Amsterdam 
is under research. Two of the existing proposals are 
shown in figure 31. Also, there is a proposal for the 
future extension plans of the DHN suggesting the 
extension of the grid to the Noord district of Am-
sterdam (figure 32).

The suggested energy systems application scenar-
ios seem to be generalised and cannot represent 
the reality, as the suitable solutions can differ even 
on building level based on several variables that 
are going to be described later in sub-section 6.3.1. 
However, the mentioned systems are considered 
as the basic energy systems for applications on Am-
sterdam’s neighbourhoods. 

Fig. 32: Design MRA for possible future expansions of the regional DHN (source: Gemeente Amsterdam, 2016)
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3.1.2 Collect energy demands
The current energy demands of natural gas and 
electricity for the whole city of Amsterdam, are 
identified during literature review, directly from the 
report with title Energy Atlas Amsterdam South-
east (Geert den Boogert et al., 2014), where the 
demands are also mapped for each building block 
separately. The mapped average gas per m2  and 
electricity per m2   demands follow in figure 33 and 
34 respectively. The electricity consumption reach-
es the value of 4,595,566,161 kWh/year and the 
gas consumption nowadays reaches the value of 
788 716 193 m3/year. Since the energy potentials, 

presented in the next sub-section, are provided in 
PJ/year, the mentioned consumption values of gas 
and electricity are calculated as 16.5 and 27.7 PJ 
per year respectively (appendix). 

Fig. 33: Amsterdam map of the average gas consumption in m3 per year per m2 (source: Geert den Boogert et al., 2014)

3.1.3   Collect energy potentials
Energy potentials offered from local renewable 
sources are also obtained from the same source 
as the energy demands where the amounts are 
already calculated (reference). In the process of 
context analysis, identifying the energy potentials 
is essential, since it is going to show whether the 
demands of gas and electricity can be fulfilled by 
renewables or not, and which sources correspond 
to the various heat systems. The energy potentials 
concern renewable sources like the sun, wind, wa-
ter, geo, domestic waste, biomass and waste heat 
from buildings.

The quantified amounts from the different renewa-
ble sources are already quantified and represented 
on separate maps of Amsterdam. The example of 
the map of solar potential from PV panels on roofs 
(figure 35) follows to show that there is a distin-
guished value representing the total potential for 
Zuidoost district from the rest of Amsterdam. For 
this project, these values are added in all cases, in 
order to get an idea of the total potentials for the 
whole city, to be comparable in later stage with the 
total consumption values.
 

Fig. 34: Amsterdam map of the average electricity consumption in kWh per year per m2 (source: Geert den Boogert et al., 2014)



54 55

Total potential = 3.75 PJ + 0.26 PJ = 4.01PJ

Fig. 35: Amsterdam map of the solar potential from PVs on roofs in kWh per year per m2 (source: Geert den Boogert et al., 2014)

All quantified values from local renewable energy 
sources (Geert den Boogert et al., 2014) are organ-
ised on table 4 aiming to give the current total en-
ergy potentials of the city. The renewable sources 
are illustrated in the first column, in second column 
the energy production technologies are mentioned 
right next to the maps representing the potentials 
throughout Amsterdam city, then the calculated 
values of total potential are illustrated, and last 
thing shown is if the energy produced is electric-
ity or heat. The relation to electricity and heat is 
as referred to the source. Solar, wind, domestic 

waste, and biomass potentials are related only to 
electricity production, even though heat can be 
provided as well. For residual heat, soil and water, 
the quantified results express the energy produced 
for heating purposes. 

The maximum solar potential can only be achieved 
for heat and electricity production if PVs, SC or 
PVTs are installed on all roofs. Electricity from 
large-scale wind turbines can also be provided to 
different areas through the city’s network, and 
small wind turbines can be installed in individual Table 4: Energy potentials from renewable sources potentials & energy production technologies (source: Geert den Boogert et al., 

2014)

cases. Domestic waste for waste incineration is 
expressed in 1.78 PJ, however, waste will be avail-
able in smaller amounts in the future because of 
recycling. Biomass seems to be available in a real-
ly small amount to support the heating of an area 
or of several neighbourhoods. Residual heat from 
non-residential buildings is possible to be used with 
low temperature small scale heat networks inside 
neighbourhoods. The ATES system offers space for 
111.9 PJ, but other sources are needed to fulfill this 
space since it does not extract heat from earth. 8.4 
PJ of heat are available with the use of GSHP and 
9.36 PJ are available with deep geothermal source. 

SUN

EARTH

WIND

WATER

DOMESTIC 
WASTE

RESIDUAL 
HEAT

BIOMASS

PV panels on roofs

ELECTRICITY
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Waste
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Biomass
treatment

Supermarkets,
Offices, Hospitals,

Datacenters

Open loop thermal 
energy storage - 

ATES system

Closed loop thermal 
energy storage - 
GSHP system

Deep geothermal 
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3.2 AMSTERDAM NIEUW WEST 
NEIGHBOURHOODS
Continuing the process of context analysis, after 
presenting the energy conditions of the city scale 
we move on to the neighbourhood scale, and even 
to building scale for the collection of data, since the
aim of the project regards the energy transition of 

neighbourhoods inside Amsterdam Nieuw West. It 
is important to start from city scale before giving 
solutions of energy retrofit for neighbourhoods, as 
the energy amounts provided from the city’s net-
works should not be avoided.

3.2.1 Site determination inside Amsterdam Nieuw 

West 
Due to the time limit for this project, proposing ret-
rofit intervention for the whole district of Amster-
dam Nieuw-West did not seem to be an achievable 

goal. For deciding which part of the district would 
be the area of interest, the maps of the existing 
DHN, of the current average gas consumption in 
m3 per m2 per year, and of the construction year 
are compared (figure 36). 

This comparison shows that an interesting area 
for intervention inside Amsterdam Nieuw West, 
that includes the Slotermeer-Zuidwest and Sloter-
meer-Noordoost combinations of neighbour-
hoods, because they seem to have a high con-
centrated heat demand, the construction year 
of the dwellings’ majority is between 1946 and 
1965, indicating that there is a certain need for 
insulation for the existing typologies (Konstan-
tinou, 2014). An extraction of data concerning 
the description and the energy demands of each 
dwelling is described in the following sub-section. 

District heat network Average gas consumption CONSTRUCTION YEAR

Fig. 36: Maps comparison 
(source: http://maps.amsterdam.nl/)

3.2.2 Collect energy demands & typologies de-
scription data
A data extraction process was conducted aiming 
at the collection of information about the exist-
ing typology and the energy consumption, crucial 
for deciding which systems are suitable for each 
neighbourhood in later stage. A separate list for 
each neighbourhood contains data for each build-
ing block concerning the function, the typology, 
the construction year, the energy demands and the 
resulted CO2 emissions (Appendix). Also, the heat 
demand of each building was calculated as 90% 

of gas consumption (gas boilers of 90% efficiency 
are used), and the addition of heat demands of all 
buildings resulted the demand of the whole neigh-
bourhood. Nonetheless, a more thorough inspec-
tion regarding the exact efficiency of gas boilers is 
required for the sake of achieving more accurate 
results of heat demand.

By knowing the use surface of each building in m2 
(Haan) the average heat demand per m2 is calcu-
lated in a separated column of the template. The 
heat demand is significant for the application of 
the roadmap since the roadmap refers to the opti-
misation of the energy need for heating space and 
for DHW. The following table constitutes an exam-
ple of all data collected in such list for four build-
ings inside Buurt 4 Oost.

  

Fig. 38: Specific buildings data extraction

Table 5: Data extraction table (maps.amsterdam.nl)

Buurt 4 Oost

Buurt 5 Noord

Slotermeer Zuid

Buurt 2

Buurt 3

Noordoever Sloterplas

Buurt 5 Zuid

Slotermeer-Zuidwest

Slotermeer-Noordoost

Sloterpark

Fig. 37: Selected neighbourhood combinations



58 59

3.2.3 Energy potentials
Another important factor that can determine the 
suitable local heat systems’ applications, is the 
available local energy potentials in neighbourhood 
and building scale, also identified from the online 
source of maps.amsterdam.nl. Several local energy 
potentials maps are provided in figure 39, for the 
selected neighbourhoods.

In the figure below, the energy potentials from soil 
and water are illustrated corresponding to different 
energy systems. The ATES and GSHP are more pos-
sible for small scale applications (neighbourhood 
and building scale), and Deep geothermal system 
is most suitable for large scale application since it 

can provide the DHN with HT heat. The DHN is also 
shown with the buildings already connected to it, 
concluding that there is a good potential for more 
dwellings in the neighbourhood to be connected to 
it as well. Below, the map of the current potential 
household waste provided for waste incineration 
is demonstrated. However, the amount of waste 
is expected to be dramatically reduced until 2050, 
as recycling is increasing through the years. Final-
ly, the potential residual heat from non-residential 
buildings is significant for the option of using LT 
small scale heat network in a neighbourhood.  

Fig. 39: Local renewable energy potentials maps (source: maps.amsterdam.nl)
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04
ENERGY URBAN PLANNING 

METHODOLOGY
The current section explains the energy urban planning methodol-
ogy leading to the design of a roadmap, to form decisions regard-
ing the energy transition of residential neighbourhoods in Amster-
dam Nieuw West. This methodology consists of two main sections, 
the catalogue of measures and the energy urban planning stepped 
methodology, both of them based on literature review. The cata-
logue offers retrofit solutions that will answer the variables of the 
roadmap, which results the final step of the stepped methodology. 
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4.1 ORGANIZING THE MEASURES 
IN A CATALOGUE
The research conducted on energy systems, retro-
fit measures and case studies regarding their on-
site applications, contributes in the definition of 
a catalogue of measures, influenced by the prin-
ciples of REAP methodology of reducing, reusing 
and producing energy, starting from city scale to 
scaling down to building scale (sub-section 2.6.2). 
Energy reduction, reuse and production measures 
are both useful for achieving the energy balance 
on different scales. Under the future goal for the 
reduction and even the elimination of CO2 emis-
sions, for the production of energy for satisfying 
the remaining energy demand, renewable sources 
should be used for covering the needs for heating 
space, domestic hot water and electricity (figure 

40). Cooling is not considered as a significant need 
for residential use in the climate of Netherlands.

Thus, the following catalogue of measures is or-
ganised according to the measures’ energy charac-
teristics (reduce, reuse or produce), and their ap-
plication scale (building, neighbourhood, district). 
This catalogue is useful at the stage of the roadmap 
decision-making, to define on-site energy retrofit 
solutions inside each neighbourhood (table 6).

REDUCE

+ + =
REUSE

EXCHANGE
CASCADE

PRODUCE

ELECTRICITYHEATINGSUN EARTH WIND WATER BIOMASSWASTE COOLING DOMESTIC
HOT 

WATER

RENEWABLE ENERGY SOURCES ENERGY NEEDS

ENERGY BALANCE

Fig. 40: Basis of categorizing

4.2 DEFINING ENERGY URBAN 
PLANNING METHODOLOGY STEPS
In this section, after an overview of existing energy 
urban planning methodologies, and mainly influ-
enced by the City-Zen methodology steps (recall 
sub-section 2.6.3) and the REAP methodology sug-
gesting energy transition interventions from city 
scale to building scale, a 4-step energy urban plan-
ning methodology is developed. City-Zen meth-
odology is consisted of 7 steps, from which step 
1, step 4, step 5 and step 6 of “map the present”, 

“define desired future”, “select energy systems” 
and “roadmap design” respectively, are exploited 
for developing another stepped methodology. For 
this project, the methodology steps formulated as 
mapping the present, defining the future energy 
targets, developing strategy for selecting suitable 
energy systems, and finally getting to the desired 
roadmap design, must be followed in this order, 
aiming the energy transition of residential neigh-
bourhoods. 

Table 6: Catalogue of measures for this project

ENERGY SAVING MEASURES ENERGY EXCHANGE MEASURES RENEWABLE ENERGY TECHNOLOGIES

Exterior walls insulation Waste heat recovery for district heat network Photovoltaic’s (PVs) 

Roof insulation Waste heat recovery for building heating Solar Collectors (SC)
Ground floor/basement ceiling/basement 

wall insulation
Energy exchange between building zones Photo Voltaic Thermal systems (PVT’s)

High-performance windows Energy exchange between buildings
Heat pumps (ground source, air, water or waste 

heat)
Energy efficient lighting Energy cascade Deep Geothermal systems

Shading systems - Solar protection
Smart appliances (dishwasher, clothes washer 

& dryer, Refrigerator, water heater)
Aquifer Thermal Energy Storage (ATES)

Efficient mechanical ventilation system (with 
heat recovery)

Road collectors with ATES

Shower heat exchangers Waste-to-energy district heating plant
District heating boiler fuelled by electricity, 
biogas, wood pellets, wood chips (usually as 

backup heating systems)
Combined Heat and Power (CHP) system fuelled 

by biogas or biomass
Wind turbines

QUANTIFICATION 

ENERGY SAVING MEASURES REDUCTION
Exterior walls insulation

Roof insulation
Ground floor/basement ceiling/basement wall insulation

High-performance windows
Energy efficient lighting

Shading systems - Solar protection
Efficient mechanical ventilation system (with heat recovery)

Shower heat exchangers
ENERGY EXCHANGE MEASURES

Waste heat recovery for district heat network
Waste heat recovery for building heating
Energy exchange between building zones

Energy exchange between buildings
Energy cascade

Smart appliances (dishwasher, clothes washer & dryer, Refrigerator, water heater)
RENEWABLE ENERGY TECHNOLOGIES PRODUCTION

Photovoltaic’s (PVs) 
Solar Collectors (SC)

Photo Voltaic Thermal systems (PVT’s)
Heat pumps (ground source, air, water or waste heat)

Deep Geothermal systems
Aquifer Thermal Energy Storage (ATES)

Road collectors with ATES
Waste-to-energy district heating plant

District heating boiler fuelled by electricity, biogas, wood pellets, wood chips (usually 
as backup heating systems)

Combined Heat and Power (CHP) system fuelled by biogas or biomass
Wind turbines

BUILDING NEIGHCOURHOOD DISTRICT

from industrial units
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Step 4a
Define suitable energy 
systems in 2050 for each 
neighbourhood

Step 4b
Describe energy systems 
and retrofit measures 
leading to 2050 vision

Step 4c
Define the interventions on 
timeline

Step 3
Strategy for selecting 

energy systems

Step 2
Define future 

energy targets

Step 1
Map the present

Step 4
Roadmap design

Amsterdam Nieuw 
West neighboorhoods

Step 1a
Energy demands

Step 1b
Energy potentials

Amsterdam city

Step 3a
Set variables for selecting 
the suitable energy system

Step 3b
Set priority criteria for 
on-site interventions

Step 3c
Develop decision-making 
diagram for on-site inter-
ventions on appropriate 
time

Step 3a
Develop scenario for 
dividing the main heat 
systems through the 
districts of Amsteram

Step 3b
Main heat systems ratio 
in each district

Step 3b
Classify energy systems

Step 2a
Desired future heat 
demand

Step 2b
Low and high temperature 
heat potentials & 
technologies for each 
system

Step 2a
Future scenario for natural 
gas and electricity use

Step 2b
Desired future heat 
demand

Step 1a
Site determination inside 
Amsterdam Nieuw West

Step 1b
Buildings description & 
Energy demands

Step 1c
Energy potentials

In order to get to the final result of the roadmap 
design for the selected residential neighbourhoods 
of Amsterdam Nieuw West, the application process 
should start from the city scale, to get gradually to 
the neighbourhood scale.  Applying the first 3 steps 
on big scale initially, is significant for giving an idea 
of how much energy is offered from city’s energy 
potentials to Amsterdam Nieuw West district, of 
whether the potentials can possibly cover the de-
mands in general by available renewable sources, 
and of which are the consequent corresponding 
energy systems for local neighbourhoods. After-
wards, the stepped methodology indicates to re-
peat the 3 steps for the selected neighbourhoods 
in Amsterdam Nieuw West that will guide to the 

4th step of roadmap design for the selection of 
suitable energy systems for the neighbourhoods.

As shown in figure 41, several sub-steps are de-
fined for the completion of each step, that differ 
at points between the two scales. Thus, a more 
detailed description of each step follows below, 
showing the process to follow from city to neigh-
bourhood scale leading to the desired energy ret-
rofit results.

Fig. 41: Energy urban planning methodology steps
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Energy demands
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The first step of mapping the present includes two main sub-steps regarding the energy demands and 
energy potentials of the city. This step is basically done through the context analysis of the city for the col-
lection of the relative data. The current energy demands refer to natural gas and electricity, and the current 
potentials refer to the available energy amounts from the renewable sources of sun, wind, earth, water, 
domestic waste, biomass and residual heat of non-residential buildings (recall section 3.1). 

About the definition of future energy targets in step 2, the first sub-step is the creation of a scenario for the 
future use of natural gas and electricity. A target already set for this project, is the end of the use of natural 
gas until 2050. The final roadmap though, aims to give solutions for improving the energy performance for 
the heating needs of dwellings. The required need for heating will not be related in the future with the 
natural gas use. By setting a specific energy target for the heat demand in 2050, in the second sub-step, it 
is easier to find the means (develop strategies and select energy systems) to achieve it.

Step 2
Define future 

energy targets

Step 1
Map the present
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Amsterdam city

Step 2a
Future scenario for natural 
gas and electricity use

Step 2b
Desired future heat 
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Step 1
Map the present

Step 1a
Energy demands
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Energy potentials

Amsterdam city

The next step concerns the strategy development for selecting energy systems for the districts of Amster-
dam, which is comprised of 3 stages. It starts with the development of a scenario for dividing the main (LT 
and HT) heat systems through the districts of Amsterdam which is indicated by the available heat amounts 
from renewable sources. For the completion of this sub-step, the already defined 2050 heat demand is 
compared to the renewable sources potentials to conclude whether they can cover it. Then a logical as-
sumption for the potentials of low and HT heat amounts percentages offered in 2050 is needed, to move 
on the second sub-step of defining the main heat systems ratio for each district. In last stage of this step, 
by knowing the energy potentials identified from step 1 of the methodology, the corresponding energy 
systems can be classified.
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Continuing the process of the stepped methodology leading to the energy transition of neighbourhoods 
in Amsterdam Nieuw West district, the return back to step 1 is required, for selecting specific neighbour-
hoods for intervention in sub-step 1a, for collecting data about the existing typology description and the 
energy demands of each house in sub-step 1b, as well as about the local energy potentials in sub-step 1c. 
All this data is collected through context analysis, and the current heat demand of each building is calculat-
ed out of the natural gas demand (recall section 3.2).

Amsterdam Nieuw 
West neighboorhoods

Step 1a
Site determination inside 
Amsterdam Nieuw West

Step 1b
Buildings description & 
Energy demands

Step 1c
Energy potentials
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Step 1
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In step 2 of defining the future energy targets for the specific neighbourhoods, the desired future heat 
demand must be set according to sub-step 2a, where a bigger percentage of energy reduction can be 
achieved comparing to the whole city (see sub-section 6.2.1). For the integration of this step, in sub-step 
2b, the amount of HT and LT heat should be divided for covering the future need for heating in 2050. Thus, 
the classified energy systems, as an outcome of step 3 which is already applied on city scale, are allocated 
in the categories of HT and LT energy systems.
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At this point of the stepped methodology, a strategy for selecting the suitable energy systems inside each 
neighbourhood is developed. The first stage of this strategy is to set variables for selecting suitable energy 
systems. These variables are determined by literature review regarding the application requirements of the 
energy systems. Also, priority criteria for on-site interventions are set in second stage, since the systems 
and the retrofit measures cannot be applied inside all neighbourhoods at once for practical and cost rea-
sons. The combination of the two first stages lead to the development the third stage, of a decision-making 
diagram for on-site interventions on appropriate time.  This diagram contributes in prioritising buildings 
for retrofit, and in categorising the dwellings of the same construction and ownership characteristics inside 
each neighbourhood in clusters, for giving the suitable retrofit solutions to the clusters consisting each 
neighbourhood.
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Finally, reaching the 4th step of the roadmap design, three sub-steps must be followed for its completion. 
According to the sub-step 4a, the decision-making diagram that helps to select the suitable energy systems 
application on the appropriate time, is applied for the clusters in each neighbourhood, defining the select-ed 
systems for 2050. Furthermore, a template is provided for each cluster for the description of the energy 
systems and retrofit measures that are going to be implemented until 2050 to balance the energy need for 
heating of the dwellings and the need for electricity caused by the use of heat pumps. In the last sub-step, 
the interventions must be defined on a timeline from today until 2050, where 3 dimensional heat maps are 
created for visualising the changes in the heat demand, for every 5 years when the respective retrofit in-ter-
ventions are carried out.
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05
APPLICATION OF METHODOLOGY 

STEPS ON AMSTERDAM CITY
The results of implementing all energy urban planning methodology steps already 
described, are stated in the two following sub-sections. Solutions regarding the dis-
tricts of Amsterdam come out of the steps application on city scale, before scal-
ing down for applying the steps on neighbourhoods of Amsterdam Nieuw West.
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5.1 MAP THE PRESENT
Starting from mapping the present for Amsterdam 
city, the collected data from the preceded context 
analysis are used in this step. The current energy 
demands of electricity and natural gas, as well as 
the energy potentials offered from each renewable 
local source are already known (Geert den Boo-
gert et al., 2014). The results are mentioned in the 
following sub-sections. These data are crucial for 
developing a scenario for the heat demand of the 
city in 2050, that is necessary for the selection of 
energy systems subsequently.

5.1.1 Energy demands
The gas demand for the city of Amsterdam, as al-
ready mentioned is 788716193 m3/year and the 
electricity consumption is 4595566161 kWh/year 
in 2014 (Geert den Boogert et al., 2014). For this 
project, the consumption is assumed to be the 
same in 2017 since these are the most recent data 
found. By converting all units in Petajoules, the 
gas consumption is 27.7 PJ and the electricity con-
sumption is 16.5 PJ, resulting in total energy con-
sumption of 44.3 PJ in a year for the whole city of 
Amsterdam. 

5.1.2 Energy potentials
The following numbers represent the maximum 
energy potentials from different energy technol-
ogies, covering all districts of Amsterdam city. As 
revealed from context analysis (recall sub-section 
3.1.3), the energy potentials from PV panels, from 
large scale wind turbines, from domestic waste in-
cineration, and from biomass treatment reach the 
values of 4.01 PJ, 1.78 PJ, 1.18 PJ and 0.06 PJ re-
spectively for electricity production, leading to the 
total amount of 7.03 PJ of produced electricity. 
Emphasising on heat production, the potentials 
come from rest heat from supermarkets, offices, 
hospitals, and datacentres, from GSHP system, 
from ATES system, and from deep geothermal sys-

tem. Rest heat from non-residential building can 
offer 1.9 PJ, and GSHP system 8.4 PJ. Deep geother-
mal system can offer up to 9.36 PJ, and ATES system 
has available storage space for 111.9 PJ.
However, there are heat potentials from renewable 
sources not mentioned in the Energy Atlas of Am-
sterdam Southeast, that seems to occupy with cer-
tain solutions. In reality, more energy production 
technologies for heating exist, and can be utilised 
according to the available local renewable sources 
of Amsterdam. For generating a more integrated 
image, a stacked graph with the heat potentials is 
created, in order to compare it later (sub-section 
5.3.1) with the current energy demands of the city. 
For the completion of this diagram, the heat po-
tentials from solar collectors, PVT’s, biomass treat-
ment from heat produced by waste incineration 
are added. The ATES system is considered to be 
fulfilled by PVT’s and the rest heat from non-res-
idential buildings. Thus, the total value of current 
heat potentials is 31.3 PJ.

(PJ)

Fig. 42: Current heat potentials from local energy renewable 
sources

In the previous diagram, the current heat poten-
tials produced by different technologies are rep-
resented. Starting with deep geothermal system, 
only 4 PJ are used in this project from the total po-
tential of 9.36 PJ provided by this heat system, be-
cause it is not advisable to use all this potential in 
short period of time because 30 years is the period 
needed to substitute this energy amount (feedback 
from domain expert). 2PJ for the heat produced by 
waste incineration, and 3 PJ - 6 PJ by solar collec-
tors are assumed as logical amounts for the whole 
of Amsterdam city (feedback from domain expert). 
The low availability of biomass is remarkable, as a 
total of 0.06 PJ for heat and electricity production, 
making doubtful whether the amount of produced 
green gas can support the heating of several res-
idential neighbourhood combinations in Amster-
dam. Thus, an assumption is that it green gas could 
be used in transport. The amount of rest heat from 
non-residential buildings and the from GSHP are 
retrieved directly from the Energy Atlas Amster-
dam Southeast, as 1.9 PJ and 8.4 PJ respectively. Fi-
nally, according to domain expert, the ATES system 
can be filled up with 12 PJ from PVT’s, and with 1.9 
PJ from rest heat from non-residential buildings.

5.2 DEFINE ENERGY FUTURE TAR-
GETS
As already mentioned this sub-section refers to the 
formulation of a future scenario concerning the 
natural gas and the electricity use, as well as for 
the future target regarding the heat demand of the 
city of Amsterdam. These scenarios are explained 
in the upcoming paragraphs.

5.2.1 Future scenario for natural gas and electric-
ity use
The future intention for gas use is to reach zero in 
2050 according to the goal of transforming Am-
sterdam into a gas-free city (Gemeente Amster-
dam, 2016). As far as it concerns the electricity 
use in 2050, it is assumed to remain the same as 
today. This assumption is based on the fact that 
the demand reduction is possible when replacing 
the existing appliances with better performing and 
demand-responding ones, however, the need for 
electricity is increasing again for the operation of 
heat pumps installed with new LT heating systems. 
The scenario is illustrated on the graph below.

Fig. 43: Natural gas and electricity use scenario aiming to eliminate gas use until 2050
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5.2.2 Desired heat demand
As a next step, the value expressing the natural gas 
demand is used to calculate the current heat de-
mand that the roadmap deals with. By assuming 
that 90% efficiency boilers are used, the current 
energy demand for heating as 25 PJ out of 27.7 PJ 
of natural gas. A more thorough inspection regard-
ing the exact efficiency of gas boilers is required for 
the sake of achieving more accurate results of heat 
demand. The rest 10% include gas used for cook-
ing and the energy losses. This 90% include the gas 
used for heating space which is 70%, and for DHW 
which is 20%. 

The percentage of heat reduction until 2050 is as-
sumed as 60%, meaning that the demand for space 
heating will be reduced in a bigger percentage than 
for DHW, since the need for DHW remains the same 
through the years. A deeper analysis of the current 
heat demand, the current energy potentials and 
the future energy systems lead to the assumption 
of heat demand reduction (for heating space and 
DHW) by 60% in 2050. This analysis is going to be 
described in more detail in section 5.3.1 of devel-
oping the scenario for dividing the main heat sys-
tems through the districts of Amsterdam.

 Cooking demand = Gas demand * 5% = 1.4 PJ
 Losses = Gas demand * 5% = 1.4 PJ

 Space heating demand = Gas demand * 70% = 19.5 PJ
 DHW heating demand = Gas demand * 20% = 5.5 PJ

 Gas boilers of 90% efficiency

Space heating  
demand reduction 

by 77%

Overall Heat
demand reduction 

by 60%

Fig. 44: Setting the goal for regarding the future heat demand

(PJ)

Heat potentials exceed the current heat de-
mand giving the possibilities for multiple ren-
wable energy technologies to be used

Such low amount of Biomass offered for 
Green gas production that can be used only 
for transport

5.3 STRATEGY FOR SELECTING 
ENERGY SYSTEMS
The current section focuses on the development of 
a scenario in order to divide the main heat systems, 
providing the dwellings with high or low tempera-
ture through Amsterdam’s districts. This scenario is 
essential for proposing the future ratio of the main 
heat systems inside each district and for classifying 
the possible energy systems to be implemented on 
neighbourhoods of Amsterdam Nieuw West after-
wards.

5.3.1 Develop scenario for dividing the main heat 
systems through the districts of Amsterdam
The development of the scenario for dividing the 
main heat systems (LT and HT) through the districts 
of Amsterdam city, is comprised of several stages. 
First, the current heat potentials from renewable 
sources are compared to the current heat demand 
to examine whether they are promising for cover-
ing the heat demand. Secondly, the choice of con-
sidering a percentage of 60% reduction of heat de-
mand until 2050 is justified, and the heat potentials

are categorized as LT and HT, to figure out in what 
percentages they can fulfill the future demand. 
By assuming how much LT heat will be produced 
in 2050, the resulted electricity amount for heat 
pumps’ operation can be found. At this point, the 
collected electricity potentials are useful to vali-
date whether this electricity demand can be effi-
ciently covered. 

The following graph mainly describes the first stage, 
where the current heat demand is represented on 
the left, and the heat potentials produced with dif-
ferent technologies are represented in the stacked 
column diagram on the right. By comparing the 
two graphs, the main outcome is that the total 
available current heat potential, calculated as 31.3 
PJ, in case that solar collectors produce an average 
heat amount of 3PJ since 6 PJ is considered as the 
maximum (see sub-section 5.1.2), overcomes the 
current heat demand of 25 PJ, giving the opportu-
nity of utilising multiple renewable energy technol-
ogies for covering the need for heating.

Fig. 45: Comparison of the current heat demand and the current renewable energy potentials
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Potentials fulfilling 
the remaining need 
for Space heating & 
DHW

Low Temperature

High Temperature

(PJ)(PJ)

Fig. 46: LT and HT heat potentials scenario for covering the future remaining heat demand

Next graph shows a scenario, formulated for fulfill-
ing the remaining heat demand for space heating 
and DHW in 2050. The heat systems chosen for 
covering the demand are separated in two cate-
gories. The first concerns LT heat, which includes 
ATES and GSHP systems, and the second HT heat 
including the heat from waste incineration and 
from deep geothermal. 

At this stage of the scenario, the LT and HT sourc-
es are sorted to fill the remaining heat demand in 
2050, justifying the decision of 60% reduction. LT 
heat, seems to be pretty high reaching the value 
of 31.3 PJ, which is about 3.5 times higher than HT 
heat of 9 PJ. For defining the 2050 HT heat poten-
tial, it is assumed first that not enough domestic 
waste will be available for waste incineration, tak-
ing into account the ambition of recycling becom-
ing a daily process for all citizens. That means that 
the heat from solar collectors with average poten-
tial of 3 PJ, and from deep geothermal systems of-

fering 4PJ, are added to feed the DHN and cover a 
part of the future demand with HT heat. However, 
the quantity used from each technology cannot be 
known accurately, fact that makes the assumption 
of using 4 PJ from the available amount of 7 PJ to 
cover the demand look safe. Regarding the amount 
of LT heat, there are enormous heat potentials for 
meeting the remaining needs efficiently. Still, the 

LT technologies used in the future cannot be pre-
dicted, concluding that 6 PJ is a reasonable amount 
for covering the heat demand. Consequently, a 
percentage of 60% reduction of the heat demand 
of the whole housing building stock in Amsterdam 
seems like an approachable target showing the 
minimum reduction that should be achieved.

Determining the amount of the LT heat potential 
was certainly needed for calculating the electricity 
demand for the heat pumps that operate with the 
LT systems. The average COP of the heat pumps is

A main conclusion of this scenario is that the city’s 
heat demand of 10 PJ in 2050, from which 4 PJ 
are covered by HT heat potentials and the rest 6 
PJ by LT. In addition, the future heat demand and 
the electricity need for operating the installed heat 
pumps can be fully covered by renewable sources. 
The resulted electricity demand for heat pumps 
connected to LT heat systems is covered as well by 
renewable energy potentials. However, the specif-
ic project does not occupy with the electricity de-
mand for housing appliances that cannot be cov-
ered by renewable sources as it reaches the value 
of 16.5 PJ (sub-section 5.1.1).

considered as 3 (feedback from domain expert), re-
sulting in electricity demand of 2 PJ. The potential 
sources for electricity production in 2050 (recall 
chapter 5.1.2) show that the electricity demand 
of heat pumps can be certainly filled by renewable 
sources, as the total electricity potential is 7 PJ.

Resulted electricity 
demand for heat 
pumps connected 
to LT systems

Electricity produced from 
renewable sources fully 
covers the electricity need 
for heat pumps

(PJ)(PJ)

Fig. 47: Comparison of the future electricity demand for heat pumps with the electricity potentials 
from renewable sources
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Fig. 48: Map of gas demand (source: http://maps.amsterdam.
nl/)

Fig. 49: Regional warmtenet 2015-2040 (source: Gemeente 
Amsterdam, 2016)

Proposing that the DHN passes through all districts 
without exception, an estimation for the percent-
age of HT heat systems and LT heat systems is 
made for each district separately. This estimation 
is based on how much area the DHN seems to cov-
er, and by adding the HT amounts provided to all 
districts, they should result 4 PJ and all LT heat po-
tentials should result 6PJ to fulfill the demand of 10 
PJ in 2050. This data is listed in the following table 
which is used to create a map where the results are 
visualised. The difficulty at this point is that the re-
sults cannot be fully accurate, guiding to solutions 
of percentages representing the general categories 
of HT, depending on how much area the DHN cov-
ers, and LT heat systems for the rest of the area 
inside each district.

5.3.2 Main heat systems ratio in each district
The exploitation of the developed scenario to di-
vide the main heat systems ratio in each district cer-
tainly contributes at the allocation of the systems 
in terms of percentages, so that the 6PJ of LT heat 
and the 4PJ of HT heat are divided in the different 
districts of the city in a critical and logical way. This 
goal is proceeded by looking at the gas consump-
tion map, that indicates which districts have higher 
heat demands than others (e.g. the center seems 
to have the highest demand), and then at the DHN 
map of future extensions, to conclude how much 
HT heat is provided in each district. Also, for this 
project an assumption was that the DHN is going 
to be extended also in the centre of the city, beside 
the Noord district, since there is high heat densi-
ty concentrated in that area. Thus, HT heat will be 
provided to all districts through the local DHN.

Amsterdam Centrum as a possible area of D.H.N. extention 
because of the high concentrated heat demand

*

L.T. and H.T. energy systems ratio covering the future heat demand

50%

50%
50%

50%
50%

50%50%

45%
55%

30%
70%

50%

20%

20%

80%
80%

1.2 PJ 

1.2 PJ 

1.2 PJ 

1.2 PJ 

0.7 PJ 

1.5 PJ 

1.5 PJ 

1.5 PJ 

Table 7: Heat distribution per district in 2050

Fig. 50: LT and HT energy systems ratio covering the future heat demand
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5.3.3 Classify energy systems
Returning to the context analysis of Amsterdam 
city to take a look back at the existing proposals for 
specific alternative energy systems and their future 
application scenarios help in setting several basic 
energy systems for retrofit interventions, formulat-
ing more unified solutions (sub-section 3.1.1). The 
suggested basic systems include the use of green 
gas, the connection of more building blocks to the 
DHN, the use of heat and cold storage (ATES sys-
tem), and the transition of existing dwellings to 
All-electric. By knowing the energy potentials from 
renewable sources that correspond to each sys-
tem, the most suitable systems can be classified.

Even though, the use of green gas might result a 
possible energy system, it is excluded because of 

the small amount of available biomass, leading to 
the solutions of Small-scale heat network connect-
ed to ATES system, of the transition of dwelling to 
All-electric or NOM when possible, all of them pro-
viding LT heat, and to the use of DHN, providing HT 
heat (figure 51). Τhe map of the main energy sys-
tems ratio, shows percentages of areas where the 
systems are mixed, under the mentioned general 
categories of LT and HT heat systems. 

This classification of the energy systems is useful, 
in order to make the transition of proposing sys-
tems for city scale to proposing systems on neigh-
bourhood scale easier, since the existing energy 
systems vary.

1st scenario 2nd scenario

Existing  research on energy systems’ application scenarios

ATES

Fig. 51: Existing scenarios of on-site energy systems applications 
(source: Gemeente Amsterdam, 2016)

Fig. 52: Classified energy systems
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06
APPLICATION OF METHODOLOGY 

STEPS ON NEIGHBOURHOODS OF 
AMSTERDAM NIEUW WEST

In this chapter, the process of applying the developed energy urban planning methodology 
steps, refers to the neighbourhoods of Amsterdam Nieuw West district, for proposing solutions 
regarding smaller clusters of dwelling with similar construction and ownership characteristics.
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6.1 MAP THE PRESENT
The procedure of mapping the present conditions 
of selected neighbourhoods inside Amsterdam 
Nieuw West is already conducted during the con-
text analysis. Thus, in the following sub-sections, 
the useful information regarding the current ener-
gy demands and potentials of the area, for select-
ing suitable measures for these neighbourhoods is 
extracted.

6.1.1 Intervention site inside Amsterdam Nieuw 
West
For mapping the present of neighbourhoods in 
Amsterdam Nieuw West district, the first step is to 
determine a smaller number of neighbourhoods 
for retrofit interventions, because of the limited 
time for this project. This decision led to the se-
lection of the Slotermeer-Zuidwest and Sloter-
meer-Noordoost neighbourhood combinations 
(recall sub-section 3.2.1).

6.1.2 Buildings description & energy demands
During data extraction process regarding the dwell-

ing inside the intervention site, data about the ty-
pology and the energy consumption per building 
block is collected, that are crucial variables for 
the selection of suitable energy systems for each 
neighbourhood. This process contributed firstly in 
creating a map with the different typologies, that 
can be used later with the maps of housing corpo-
rations property, revealed from literature review as 
shown below (figures 54, 55), for formulating clus-
ters of buildings with the same construction prop-
erties and ownership status afterwards

The current heat demand of each dwelling is calcu-
lated as 90% of the gas demand (figure 56), assum-
ing that gas boilers of 90% average efficiency are 
used, (recall sub-section 3.2.2), which is essential 
for the application of the roadmap aiming at the 
optimisation of the energy use for heating space 
and for DHW. The existing pathways of the local 
DHN are also important to be known (figure 57), 
since this heat system results a great possibility for 
heating the nearby building blocks.

Buurt 4 Oost

Buurt 5 Noord

Slotermeer Zuid

Buurt 2

Buurt 3

Noordoever Sloterplas

Buurt 5 Zuid

Slotermeer-Zuidwest

Slotermeer-Noordoost

Sloterplas

Het Nieuwe Meer

Sloterpark

Fig. 53: Selected neighbourhoods inside Amsterdam Nieuw West district

Fig. 54: Map of typlogies

Fig. 55: Map of housing corporation properties (source: Geert 
den Boogert et al., 2014)

Fig. 56: Map of average gas consumption (source: Geert den 
Boogert et al., 2014)

Fig. 57: Map of DHN (source: Geert den Boogert et al., 2014)

Gallerijflat appartment block

Portiekflat appartment block

Rowhouse

Multifamily house

Semi-detached house

Detached house
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Finally, the information of typologies levels number, 
of the ownership status, of the existing DHN path-
ways and of the average heat demand per m2 are 
implemented on a three-dimensional heat map, to 
construct an idea of the levels of heat consumption 
for each housing block. This heat map will be used 
in the roadmap stage to show the changes in heat 
consumption during time, by applying the suitable 
energy systems and retrofit measures (figure 58).

6.1.3 Energy potentials
An indispensable factor contributing at the selec-
tion of the suitable local heat systems, is the col-
lection of the energy potentials (recall sub-section 
3.2.3), that can be utilised on neighbourhoods for 
collective solutions, and on buildings for individu-
al applications. After the process of classifying the 
energy systems, the important energy potentials 

seem to include the open loop thermal energy stor-
age (ATES) and the potential of residual heat from 
non-residential buildings for using LT small scale 
heat network in a neighbourhood when possible, 
the closed loop thermal energy storage (GSHP) for 
individual applications, and the deep geothermal 
offering heat to the DHN, and thus to the buildings 
connected to it in the future. 

Fig. 58: 3-dimensional heat map for concentrated data visualisation

6.2 DEFINE FUTURE ENERGY TAR-
GETS
In this section, the definition of the energy targets 
of 2050 for the selected neighbourhoods in Am-
sterdam Nieuw West is required. The energy reduc-
tion goal regarding the heating demand of these 
neighbourhoods does not have to follow the same 
goal as for the whole city. As already explained in 
sub-section 5.2.2, the average energy reduction 
for heating purposes of all districts is set as 60%. 
However, in some areas the percentage achieved 
can be less, like in the centre, due to the interven-
tion restrictions for protecting the historical build-
ings. This is why in more recently built areas, like in 
the case of Amsterdam Nieuw West district which 
mainly started being built in 1946, a higher reduc-
tion percentage can be achieved.

The logic for setting an energy target for the select-
ed neighbouroods is also based on the project of 
Europe’s buildings under the microscope, which 

supports that the most economical energy transi-
tion pathway is achieved by retrofit in stages, the 
minor, moderate, deep and nZEB retrofit (recall 
sub-section 2.6). Minor retrofit aims at 30% energy 
reduction, moderate at 30%-60% reduction, deep 
retrofit represents a reduction of 60%-90% energy 
reduction, and nZEB is the stage where renewable 
energy technologies are used to cover as much as 
possible the remaining demand. 

6.2.1 Desired future heat demand
By following the target of deep retrofit, the per-
centage of heat demand reduction considered to 
be achieved is the average of 60%-90% energy re-
duction, leading to the goal of 75% heat demand 
reduction. Since the heat demand of each housing 
block is figured out through context analysis, a to-
tal for each neighbourhood is calculated (table 8). 
Thus, the total heat demand of all neighbourhoods 
is 0.41 PJ, and the remaining heat demand should 
reach the value of 0.10 PJ.

5504688
15962339
15962339
24676013
10734521
29793499
12289597

114922996

0.41

0.10

Buurt 4 Oost

Buurt 5 Noord

Slotermeer Zuid

Buurt 2

Buurt 3

Noordoever Sloterplas
Buurt 5 Zuid

Sloterpark

Table 8: Current and desired 2050 demand heat demand
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6.2.2 Low and HT heat potentials & technologies 

for each system
The percentage of DHN heat provided to cover 
the demand is assumed to be bigger than LT heat 
as the existing DHN, as a HT heat system, passes 
through 4 out of 7 neighbourhoods, indicating that 
it is the most suitable solution for these 4 neigh-
bourhoods. LT heat can cover the rest with the use 
of the corresponding LT heat systems.

In the following table, the heat and electricity pro-
duction systems are categorized under the respec-
tive basic energy system. The placement of the 
certain renewable energy technologies under each 
specific system is based on literature review (recall 
section 2.4).

6.3 STRATEGY FOR SELECTING 
ENERGY SYSTEMS
For comprising a wholistic strategy for the selection 
of suitable energy systems for the clusters inside 
each neighbourhood, several variables for desig-
nating suitable energy systems for each case should 
be set and priority criteria for on-site interventions 
as well, in order to develope a decision-making dia-
gram including all variables indicating suitable ret-
rofit interventions on the appropriate time.

6.3.1 Set variables for selecting the suitable ener-
gy systems
As already mentioned, green gas is excluded from 
the basic energy systems, since biomass, the raw 

material for green gas production, is available in 
such a low amount that is assumed to be used in 
transport rather than for producing green gas for 
heating dwellings in several areas (recall sub-sec-
tion 5.3.3). Consequently, this research will give 
solutions by using four energy systems, referring to 
the use of the existing DHN (HT), the creation of 
small-scale (LT) heat network connected to ATES, 
the transformation of existing dwellings in several 
areas to all-electric and the transition to NOM of 
others. What is missing before making a propos-
al for their on-site implementation in each neigh-
bourhood of the intervention area, is the applica-
tion requirements of each system. In the following 
paragraphs, the application requirements are iden-
tified and presented:

Small-scale heat network with ATES implementa-
tion requirements 
For using this energy system, there must be build-
ings with excess heat and cold potential in the 
neighbourhood, like offices, supermarkets, hospi-
tals and datacentres. Heating and cooling demands 
must be in equilibrium otherwise ATES system 
will become imbalanced and no longer function. 
Well-insulated dwellings with integrated floor and/
or wall heating to make it possible to heat the 
building with LT heating. Also, this system is possi-
ble in case of big housing buildings with one owner 
of a big corporation (Gemeente Amsterdam, 2016).

Table 9: Corresponding technologies to the classified basic energy systems

NOM
It is a suitable retrofit solution for low-rise dwell-
ings, because of the appropriate size of roof area 
offered for PVs and solar panels, comparing to the 
energy demand needed to be covered. Project of 
rowhouses of 60’s and 70’s, already finished show 
positive results for the approach. It is possible for 
individual home owners to be convinced, as well as 
in the case of a partnership with big corporations 
(Gemeente Amsterdam, 2016).

All-electric
The transition to all-electric is preferable for dwell-
ings of more than 2 levels high, since low rise are 
possible for NOM, and results a possible solution 
for individual home owners & for big corporations 
(Gemeente Amsterdam, 2016).

DHN implementation requirements 
Defining favourable locations to expand existing 
DHNs to, can be done by putting maps of the ex-

isting networks, to identify the areas with high 
the heat demand. In case that DHN already passes 
through a neighbourhood, connecting the existing 
dwellings seems to be the preferable solution. Also, 
a crucial question is whether there is one heating 
system and one administrator for a building block, 
since it seems easier to convince or motivate. If 
this is not the case, custom solutions could be dis-
cussed (Gemeente Amsterdam, 2016).

Variables for strategy configuration
Out of the process of identifying the application 
requirements of each basic energy system, several 
variables came out, that contribute at the configu-
ration of a strategy that will determine the suitable 
systems for each neighbourhood of retrofit. In the 
diagram below, you can see the different variables. 
This strategy is going to take the form of a deci-
sion-making diagram, where these variables are 
organised, leading to solutions of suitable systems 
and retrofit stages when several variables are met.

Ownership
Existing district heating 

in neighbourhood

Storeys number 
(2 levels or higher)

Excess heat from 
non-residential buildings

Retrofit time before or after the 
energy system application

Average heat 
demand

Heating and cooling need 
proportion in the neighborhood

Fig. 59: Important variables decision-making approach configuration
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6.3.2 Set priority criteria for on-site interventions
As an addition to the strategy of determining the 
suitable energy systems for each neighbourhood, 
some requirements should be indicated for prior-
itising the time of retrofit interventions for each 
dwelling. The idea is that every 5 years, all dwell-
ings of all neighbourhoods will be evaluated based 
on the whole diagram, so that the retrofit interven-
tions will be in stages, because the cost of applying 
all measures at once is too high.

The main variable to examine, is whether the aver-
age heat demand per m2 is high. The threshold of 
“high” heat demand is determined every time the 
buildings are inspected through this diagram. For 
example, at the initial check in 2017, the buildings 
that have heat demand higher than 300 kWh/m2, 
are chosen to be retrofitted first. This process is re-
peated at 2020 with buildings with heat demand 
higher than 250 kWh/m2, at 2025 higher than 200 
kWh/m2, at 2030 higher than 150 kWh/m2, at 
2035 higher than 100 kWh/m2 and at 2040 high-
er than 50 kWh/m2. Thus, all buildings until 2050 
should reach the demand reduction goal of 75%.

Therefore, the first thing to check is if the heat de-
mand of the building blocks in the neighbourhood 
exceed the determined threshold. In this case then 
the process goes on for the question if there is one 
owner for the building until the suitable energy 
system is selected. If the demand does not exceed 
the limit, the next thing to check is whether there 
are other dwellings of the same typology in the 
neighbourhood and if their demand in total is high-
er. If there are no other buildings that are the same 
they are low in priority and for a custom retrofit 
approach (figure 60).

6.3.3 Develop decision-making diagram for on-
site interventions on appropriate time
For the selection of the appropriate energy sys-
tems for the clusters inside each neighbourhood, 
a decision-making diagram is developed. This strat-
egy includes organising the variables, that came 
out of the application requirements of each basic 
energy system as mentioned, on a decision-making 
diagram, to follow a straight process and give alter-
natives in case the answer to them is yes or no. This 
diagram leads on choosing the suitable energy sys-
tems combined with the retrofit steps, depending 
on the different energy and context characteristics 
of the existing building blocks in each neighbour-
hood (figure 61).

In this diagram, the first variable is about whether 
the building blocks in a neighbourhood are provid-
ed for social rental, since the owners agreement is 
necessary for applying the different proposed solu-
tions. For this project, it is considered that when 
there is only one owner or administrator in a build-
ing instead of multiple it is easier to convince for 
a collective solution, like the dwellings’ connection 
to the DHN or to a small-scale heat network. Also, 

Is the energy use for 
heating high?

Are there lots of the 
same buildings near?

Low priority

Yes

Yes

No

No No

Yes

Is the total energy use for 
heating high?

Low priority

Start
Social rental/ 
one owner?

Prioritise

Fig. 60: Prioritising part of decision-making diagram

in case of social rental, the owner is possibly a big 
corporation that owns other buildings in the neigh-
bourhood, or in other neighbourhoods as well, 
and retrofit solutions can be proposed for multiple 
buildings at once. 

In reality, when there are multiple owners, there 
are still the options for connection to DHN or to 
Small-scale heat network if all owners agree. How-
ever, the human factor of the owners’ decisions 
cannot be examined through this decision-making 
diagram. Therefore, for simplifying the process, 
in case that the answer is yes to one owner, the 
proposed solutions are DHN or Small-scale heat 
network, and if the answer is no, meaning private 
ownership or multiple owners, it is considered 
as going directly for the solutions of transition to 
NOM or All-electric.

Furthermore, for the building blocks of social rent-
al, the next step is to check if the requirements of 
excess heat from non-residential buildings, and of 
equal need for heating and cooling are met, to go 
for retrofit in stages, and then to use of Small-scale 
DHN connected to an ATES. If the answers each of 

these requirements is no, the next thing to check 
is if there is DHN in the neighbourhood. If DHN 
passes through the neighbourhood, the buildings 
can just be connected to it, and apply later retro-
fit measures in stages to reduce the heat demand 
even more. In these cases, the heat demand should 
not be reduced to almost zero because this case is 
not for the best interest of the heat providing com-
pany. Moving on to the case that there is no DHN 
near, the next variable to examine is if the building 
blocks are up to 2 levels high. If the answer is yes, 
the transition to NOM is an achievable goal, other-
wise the buildings can be transformed to All-elec-
tric. 

When Small-scale heat network with ATES, NOM, 
or All-electric are implemented, the retrofit should 
be done first for lowering the demand as much as 
possible, as both systems use LT heat. The retrofit 
process is suggested to be in stages, to make the 
intervention more economical than applying all 
retrofit measures at the same time (Economidou, 
M. et al., 2011). 

Selection of suitable energy system for each neighbourhood

Yes

Start

Yes Yes

Yes

No

Yes

Is there District Heat 
Network in the 
neighborhood?

Retrofit in stages

Retrofit in stages

Retrofit in stages

Connection to District 
Heat Network 

(assuming 50% energy 
reduction)

Small scale Heat 
Network connected 

to ATES

NOM

All-electric

Retrofit in stages

Are there builings with 
excess heat? AND 

Is there equal need for 
heating and cooling in 
the neighbourhood?

Are the building blocks 
up to 2 levels high?

Social rental/ 
one owner?

No

No

No

Fig. 61: Systems’ selection part of decision-making diagram



94 95

Selection of suitable energy system for each neighbourhood

Is the energy use for 
heating high?

Are there lots of the 
same buildings near?

Low priority

Yes

Yes

No

No No

Yes

Is the total energy use for 
heating high?

Low priority

Start
Start

Yes Yes

Yes

No

Yes

Is there District Heat 
Network in the 
neighborhood?

Retrofit in stages

Retrofit in stages

Retrofit in stages

Connection to District 
Heat Network 

(assuming 50% energy 
reduction)

Small scale Heat 
Network connected 

to ATES

NOM

All-electric

Retrofit in stages

Are there builings with 
excess heat? AND 

Is there equal need for 
heating and cooling in 
the neighbourhood?

Are the building blocks 
up to 2 levels high?

Social rental/ 
one owner?

No

No

No

Prioritise

For the completion of the decision-making diagram 
of selecting the suitable energy systems combined 
with the retrofit steps for the clusters inside each 
neighbourhood, the part of prioritising the dwell-
ings for intervention is added before the selection 
part of the diagram as it always comes first.

Fig. 61: Decision-making diagram for on-site interventions on appropriate time
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07
ROADMAP DESIGN

The final outcome of the roadmap, as the last step of the 4-step energy urban planning 
methodology, consists of 3 sub-steps which are 1) the selection of suitable energy sys-
tems for 2050 for each one of the selected neighbourhoods, 2) the description of the en-
ergy system and retrofit measures, and the corresponding changes in heat demand and 
CO2 emissions are listed in templates, and 3) the definition of the interventions deter-
mined by the 2 previous sub-steps on timeline, starting from today and ending in 2050. 



98 99

7.1 DEFINE SUITABLE ENERGY 
SYSTEMS IN 2050 FOR EACH 
NEIGHBOURHOOD
The implementation of the decision-making dia-
gram (sub-section 6.3.3) intends to formulate the 
vision for the area in 2050, represented on a map of 
the area, that also shows with different colours the 
buildings that belong to different housing corpo-
rations and the existing DHN. While following the 
diagram to propose solutions on neighbourhood 
scale, it was realised that different systems can 
be combined inside each neighbourhood leading 
to solutions for smaller clusters of dwellings. This 
happens because of the different energy and con-
struction characteristics of each building, and also 
because of all the stakeholders that should collabo-
rate, that play a prominent role to the transition to 
gas-free dwellings and neighbourhoods. The term 
stakeholders include the energy suppliers, and the 
housing associations and property owners, that 
should be convinced that the proposed solution is 
the most suitable for their property. 

Several examples for each neighbourhood follow 
below, to show how the decision-making diagram 
helps in organising the dwellings with same owner-
ship status and typology characteristics in clusters 
for proposing unified collective (DHN or small-scale 
heat network with ATES) or individual solutions 
(transition to NOM or All-electric) for the energy 
systems’ applications.

Buurt 4 Oost
Regarding Buurt 4 Oost, the neighbourhood is sep-
arated in 3 clusters, mainly based on the ownership 
status. The first cluster is consisted of multistory 
dwellings of social rental. In cluster 2, there are 
2-story rowhouses of mixed ownership, i.e. some 

apartments offered for social rental and some for 
private ownership in the same building block, and 
in cluster 3 there are rowhouses of private own-
ership. Since there is such a small amount of ex-
cess heat from offices and the existing DHN passes 
through this neighbourhood, the decision taken for 
the 1st cluster is to fulfill the heat demand by the 
DHN. Regarding the second cluster, since there are 
several owners and the dwellings are two levels 
high, the retrofit in stages and transition of these 
dwellings to NOM seems to be a suitable solution. 
The same flow is followed in the diagram for the 
3rd cluster of newer rowhouses of private own-
ership, leading to the solution NOM as well. The 
different ways that the decision-making diagram 
is applied, based on the specific variables met for 
each cluster guiding to the suitable retrofit solution 
are shown below.

Yes Yes

Yes

No

Yes

Is there District Heat 
Network in the 
neighborhood?

Retrofit in stages

Retrofit in stages

Retrofit in stages

Connection to District 
Heat Network 
(assuming 50% energy 
reduction)

Small scale Heat 
Network connected to 
ATES

NOM

All-electric

Retrofit in stages

Are there builings with 
excess heat? AND 
Is there equal need for 
heating and cooling in 
the neighbourhood?

Are the building blocks 
up to 2 levels high?

Social rental 
(one owner)?

No
No

No

Multistory dwellings 
of social rental

Cluster 1

Cluster 2

Rowhouses of both 
private ownership & 
social rental

Yes Yes

Yes

No

Yes

Is there District Heat 
Network in the 
neighborhood?

Retrofit in stages

Retrofit in stages

Retrofit in stages

Connection to District 
Heat Network 
(assuming 50% energy 
reduction)

Small scale Heat 
Network connected to 
ATES

NOM

All-electric

Retrofit in stages

Are there builings with 
excess heat? AND 
Is there equal need for 
heating and cooling in 
the neighbourhood?

Are the building blocks 
up to 2 levels high?

Social rental 
(one owner)?

No
No

No

Fig. 62: Decision-making for suitable system of cluster 1 in buurt 4 oost

Fig. 63: Decision-making for suitable system of cluster 2 in buurt 4 oost
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Cluster 3

Rowhouses 
of private 
ownership

Yes Yes

Yes

No

Yes

Is there District Heat 
Network in the 
neighborhood?

Retrofit in stages

Retrofit in stages

Retrofit in stages

Connection to District 
Heat Network 
(assuming 50% energy 
reduction)

Small scale Heat 
Network connected to 
ATES

NOM

All-electric

Retrofit in stages

Are there builings with 
excess heat? AND 
Is there equal need for 
heating and cooling in 
the neighbourhood?

Are the building blocks 
up to 2 levels high?

Social rental 
(one owner)?

No
No

No

Buurt 3
In the case of Buurt 3, three different cases are 
faced again. As noticed first, in the neighbourhood 
there are no buildings with excess heat and no 
DHN. Thus, the main differences of the dwellings’ 
characteristics depend on the ownership status 
and on the number of levels. Cluster 1 includes a 
number of rowhouses of private ownership which 
are two levels high. Cluster 2 includes rowhouses 
of social rental with two floors. Both cases meet 
the variables that lead to the solution of the dwell-
ings’ transition to NOM. In cluster 3, there are mul-
ti-story dwelling that belong to big housing corpo-
rations leading to the proposal of their transition 
to all-electric.

Fig. 64: Decision-making for suitable system of cluster 3 in buurt 4 oost

Cluster 1

Yes Yes

Yes

No

Yes

Is there District Heat 
Network in the 
neighborhood?

Retrofit in stages

Retrofit in stages

Retrofit in stages

Connection to District 
Heat Network 
(assuming 50% energy 
reduction)

Small scale Heat 
Network connected to 
ATES

NOM

All-electric

Retrofit in stages

Are there builings with 
excess heat? AND 
Is there equal need for 
heating and cooling in 
the neighbourhood?

Are the building blocks 
up to 2 levels high?

Social rental 
(one owner)?

No
No

No

Rowhouses 
of private 

ownership 

Cluster 2

Yes Yes

Yes

No

Yes

Is there District Heat 
Network in the 
neighborhood?

Retrofit in stages

Retrofit in stages

Retrofit in stages

Connection to District 
Heat Network 
(assuming 50% energy 
reduction)

Small scale Heat 
Network connected to 
ATES

NOM

All-electric

Retrofit in stages

Are there builings with 
excess heat? AND 
Is there equal need for 
heating and cooling in 
the neighbourhood?

Are the building blocks 
up to 2 levels high?

No
No

No

Social rental 
(one owner)?

Rowhouses of  
social rental

Fig. 65: Decision-making for suitable system of cluster 1 in buurt 3

Fig. 66: Decision-making for suitable system of cluster 2 in buurt 3
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Cluster 3

Yes Yes

Yes

No

Yes

Is there District Heat 
Network in the 
neighborhood?

Retrofit in stages

Retrofit in stages

Retrofit in stages

Connection to District 
Heat Network 
(assuming 50% energy 
reduction)

Small scale Heat 
Network connected to 
ATES

NOM

All-electric

Retrofit in stages

Are there builings with 
excess heat? AND 
Is there equal need for 
heating and cooling in 
the neighbourhood?

Are the building blocks 
up to 2 levels high?

No
No

No

Social rental 
(one owner)?

Multistory dwellings 
of  social rental

Fig. 67: Decision-making for suitable system of cluster 3 in buurt 3

Buurt 5 Noord
In Buurt 5 Noord, all dwellings in the neighbour-
hood have one owner which is a big housing cor-
poration. Most of them are multistory dwellings of 
social rental. The high levels of heat demand (con-
text analysis) in combination with the excess heat 
offered from non-residential buildings, indicate the 
creation of a LT small-scale heat network connect-
ed to an ATES system as the most suitable solution, 
applied after the deep retrofit of the dwellings. Al-
though there are a few rowhouses it makes it much 
easier to go for one unified solution for the whole 
neighbourhood since only 1 owner needs to be 
convinced. 

Cluster 1

Yes Yes

Yes

No

Yes

Is there District Heat 
Network in the 
neighborhood?

Retrofit in stages

Retrofit in stages

Retrofit in stages

Connection to District 
Heat Network 
(assuming 50% energy 
reduction)

Small scale Heat 
Network connected to 
ATES

NOM

All-electric

Retrofit in stages

Are there builings with 
excess heat? AND 
Is there equal need for 
heating and cooling in 
the neighbourhood?

Are the building blocks 
up to 2 levels high?

No
No

No

Social rental 
(one owner)?

Multistory dwellings 
of  social rental

Fig. 68: Decision-making for suitable system of cluster 1 in buurt 5 noord
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Buurt 2 
The case of Buurt 2 looks pretty much the same as 
the case of Buurt 5 Noort. This time, all dwellings in 
the neighbourhood belong to several big housing 
corporation. There are only multistory buildings of 
social rental with high heat demand, and a lot of 
excess heat offered from supermarkets and offices 
in the neighbourhood. The creation of a LT small-
scale heat network connected to an ATES system, 
seem to be a suitable solution as well.

Cluster 1

Yes Yes

Yes

No

Yes

Is there District Heat 
Network in the 
neighborhood?

Retrofit in stages

Retrofit in stages

Retrofit in stages

Connection to District 
Heat Network 
(assuming 50% energy 
reduction)

Small scale Heat 
Network connected to 
ATES

NOM

All-electric

Retrofit in stages

Are there builings with 
excess heat? AND 
Is there equal need for 
heating and cooling in 
the neighbourhood?

Are the building blocks 
up to 2 levels high?

No
No

No

Social rental 
(one owner)?

Multistory dwellings 
of  social rental

Fig. 69: Decision-making for suitable system of cluster 1 in buurt 2

Proposed solutions for Slotermeer neighbour-
hoods
It is noteworthy to mention that the results cannot 
be presented as absolute solutions. This is a fact 
since first of all, the stakeholders play a dominant 
role with their decisions. For example, a building 
of mixed ownership could go for a collective solu-
tion only if all owners agree. Since this is hard to 
be predicted, it is assumed that it is easier to just 
go for individual solutions. Secondly, this happens 
because of the fact that the technologies and the 

availability of renewable sources can alter through 
the period of 33 years until 2050. This result offers 
a possible methodology for decision-making, that 
could be followed by Amsterdam municipality that 
has an overview of the context and energy con-
ditions, for achieving the energy transition of the 
specific part of Amsterdam Nieuw West with more 
unified solutions.

Rowhouses 
of private 

ownership 

Rowhouses of  
social rental

Mostly 
rowhouses 

& few multistory 
dwellings both of 

social rental

Multistory dwellings 
of  social rental

Multistory dwellings 
of  social rental

Rowhouses 
of private 
ownership

Rowhouses & 
semi-detached 
houses of 
private 
ownership

Rowhouses of both 
private ownership & 
social rental

Multistory dwellings 
of social rental

NOM

NOM

D.H.N

L.T. with ATES

All-electricNOM

NOM

NOM possible

D.H.N

Fig. 70: 2050 vision of suitable energy systems of all neighbourhhods
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7.2 DESCRIBE ENERGY SYSTEMS 
& RETROFIT MEASURES LEAD-
ING TO 2050 VISION
In this sub-section, description templates are filled 
out, to provide a complete image for the retrofit 
measures and energy systems used for retrofitting 
the different clusters of dwellings of similar ener-
gy and construction conditions in each neighbour-
hood. This description is conducted in the stages 
of current heat demand, heat demand reduction, 
heat production and electricity production. The 
changes in heat demand, as well as in CO2 emis-
sions, are calculated in every stage until the de-
mand is balanced. Electricity production is consid-
ered only for the balancing the electricity demand 
of heat pumps, that are used when LT heat systems 
are implemented.

These templates are inspired by City-Zen pro-
ject’s templates, and four templates will be pro-
vided, one for each energy basic system for the 
corresponding cluster of dwellings, as classified 
in sub-chapter 5.3.3. These systems represent the 
collective solutions of the connection to the DHN 
and of the Small-scale heat network connected to 
ATES, and for individual solutions of the transition 
of building to All-electric or NOM. 

The current conditions are shown in step 0 starting 
with the total current heat demand and CO2 emis-
sions. The retrofit measures are positioned in step 
1 regarding the reduction of heat demand and CO2 
emissions, which follows the goal of 75% reduc-
tion. Renewable energy systems are placed in steps 
2 and 3 for heat and electricity production respec-
tively, in order to cover the remaining demands, 
where CO2 emissions are eliminated except for the 
case of DHN that CO2 is emitted through the incin-
eration process. The energy demand is expressed 

in MWh per year and the CO2 emissions in tCO-
2eq per year, just like in the respective templates 
of City-Zen project. 

One example for each heat system follows below: 

Buurt 3
Concerning Buurt 3, there are two proposed solu-
tions for two different parts of the neighbourhood. 
The first template represents the solution of the 
energy transition of existing dwellings to NOM 
for cluster 1 and 2, and the second represents the 
solution of the transition to All-electric for cluster 
3, mainly because of the different in the storeys 
numbers. 

Transition to NOM for cluster 1 & cluster 2
In step 0, the current demand for heating is identi-
fied through the context analysis as 14363 MWh/
year and the CO2 emissions as 2908 tCO2eq/year 
(reference), for 124 two-storey rowhouses and 
multifamily houses of social rental and private 
ownership with poor energy performance. In step 
1 the heat demand is reduced to 3591 MWh/year 
and CO2 to 727 tCO2eq/year according to the goal 
of 75% energy reduction, after applying retrofit 
measures for improving the insulation of the hous-
es and for improving the efficiency of the installa-
tions. The measures are described in more detail in 
the upcoming template. In step 2, a GSHP with ver-

Cluster 1

Cluster 2

Cluster 3

Fig. 71: Cluster 1& cluster 2 inside buurt 3

PRINCIPLES RESULTS

Insulation:
• roof, walls, roofs
• high performance win-
dows
Installation efficiency:
• Smart appliances
• change heating system
• efficient mechinical venti-
lation with heat recovery 
• shower heat exchangers

PV on roofs:    
• 9 m2 per roof

• Transition to NOM energy 
system
• Individual GSHP with hori-
zontal heat exchanger
• Heat pump is used with 
GSHP system_the electriciry 
used is produced by rene-
wable sources

Features:
• 124 multifamily and 
rowhouses, some for social 
rental and some of private 
ownership
• poor energy performance 

Heat demand

H          14363  MWh/y
CO2     2908     tCO2eq/y

Remaining heat demand

H          3591    MWh/y
CO2     727       tCO2eq/y

Remaining heat &  Electricity 
demand

H          0           MWh/y
E         -60         MWh/y

Remaining heat demand &  
Electricity demand for heat 
pump with COP = 6

H          0           MWh/y
CO2     0           tCO2eq/y
E           599      MWh/y

0. EXISTING SITUATION

1. DEMAND REDUCTION

3. ELECTRICITY PRODUC-
TION

2. HEAT PRODUCTION 

STEPS AND FEATURES

1116

658886

820
0.8

1180 820
0.9

Template 1: Description of measure used in steps leading to 2050 vision for cluster 1 & cluster 2 in buurt 3

Table 10: Electricity production be PV panels on roofs
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tical heat exchanger is selected to cover the need 
for heating, and CO2 emissions are eliminated as 
well. The heat pumps with COP of 6, installed in 
each house individually create in total the electric-
ity demand of 599 MWh/year.  In step 3, concern-
ing the electricity production for fulfilling the men-
tioned demand, 9 m2 of PV panels are proposed to 
be installed in each roof, that produce in total 659 
MWh/year to cover the need for the heat pumps 
of all houses, exceeding the demand by 60 MWh/y. 
The quantity that corresponds to each house can 
be used for user related purposes.

The electricity produced from PV panels is calcu-
lated through the formula of E=A*r*H*PR. In this 
equation E symbolizes the energy produced by PV 
panels in kWh, A is the total area of PV’s in m2, r is 
the solar panel yield in %, H is the annual average 
irradiation for tilted panels in kWh/m2/year, and 
PR the performance ratio of the panels by consid-
ering all energy losses with a range between 0.9-
0.5. The solar panel yield is taken into account as 
0.8 and the performance ratio as 0.9 (feedback 
from expect), and the annual average irradiation 
for Amsterdam city is revealed from http://so-
larelectricityhandbook.com/solar-irradiance.DH-
Nml for tilted panels.panels in kWh, A is the total 
area of PV’s in m2, r is the solar panel yield in %, 
H is the annual average irradiation for tilted pan-
els in kWh/m2/year, and PR the performance ratio 
of the panels by considering all energy losses with 
a range between 0.9-0.5. The solar panel yield is 
taken into account as 0.8 and the performance ra-
tio as 0.9 (feedback from expect), and the annual 
average irradiation for Amsterdam city is retrieved 
from http://solarelectricityhandbook.com/solar-ir-
radiance.DHNml for tilted panels.

Transition to all-electric for cluster 3
The rest of buurt 3 consists of 45 multi-story build-
ing blocks of social rental that need in total 15430 
MWh/year and emit 3124 tCO2eq/year, as shown 
in step 0. In step 1, the same retrofit measures are 
applied as in the previous case, leading to 3858 
MWh/year heat demand and to 781 tCO2eq/year. 
Going to step 2, GSHP systems are used again in 
individual applications, to cover the heating de-
mand, creating the need for 643 MWh/year. This 
demand is covered in step 3 with the installation 
of 25m2 per roof that produce 664 MWh/year, 21 
more than needed for heat pumps’ operation.

Cluster 1

Cluster 2

Cluster 3

Fig. 72: Clusters inside buurt 3

Template 2: Description of measure used in steps leading to 2050 vision for cluster 3 in buurt 3

Table 11: Electricity production be PV panels on roofs

PRINCIPLES RESULTS

Insulation:
• roof, walls, roofs
• high performance win-
dows
Installation efficiency:
• Smart appliances
• change heating system
• efficient mechinical venti-
lation with heat recovery 
• shower heat exchangers

PV on roofs:    
• 25 m2 per roof

• Transition to All-electric 
energy system
• Individual GSHP with hori-
zontal heat exchanger
• Heat pump is used with 
GSHP system_the electriciry 
used is produced by rene-
wable sources

Features:
• 45 multistory dwellings of 
social rental
• poor energy performance 

Heat demand

H          15430  MWh/y
CO2     3124     tCO2eq/y

0. EXISTING SITUATION

1. DEMAND REDUCTION

3. ELECTRICITY PRODUC-
TION

2. HEAT PRODUCTION 

Remaining heat demand

H          3858    MWh/y
CO2     781       tCO2eq/y

Remaining heat &  Electricity 
demand

H          0           MWh/y
E         -21         MWh/y

Remaining heat demand &  
Electricity demand for heat 
pump with COP = 6

H          0           MWh/y
CO2     0           tCO2eq/y
E           643      MWh/y

STEPS AND FEATURES

1125

664200

820
0.8

1180 820
0.9
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Buurt 2
Buurt 2 guides to a unified solution for the heat sys-
tem selection and application, of creating a Small-
scale heat network and using ATES system for heat 
and cold seasonal storage, since this neighbour-
hood includes only multi-storey dwellings that be-
long to big housing corporations.

Connection to Small-scale heat network with 
ATES system
The existing situation of the neighbourhood is 
characterised by a total of 22 multi-storey building 
blocks of social rental with heat demand of 12289 
MWh/year and CO2 emissions of 2488 tCO2eq/
year. In the next step, there is decrease of 75%, 
leading to 3072 MWh/year and 622 tCO2eq/year 
for heat demand and CO2 emissions respectively. 
In step 2 regarding the heat system, a Small-scale 
heat network is created to provide the dwellings 
with the excess heat from offices and supermar-
kets inside the neighbourhood. The heat is stored 
in an ATES system, as well as the cold, and are both 
used in seasonal mode. Finally, in step 3, 40 m2 
of PV panels on each roof result in the production 
of 520 MWh/year, exceeding the heat pumps’ de-
mand by 8 MWh/year.

Fig. 73: Buurt 2

Template 3: Description of measure used in steps leading to 2050 vision for buurt 2

Table 12: Electricity production be PV panels on roofs

PRINCIPLES RESULTS

Insulation:
• roof, walls, roofs
• high performance win-
dows
Installation efficiency:
• Smart appliances
• change heating system
• efficient mechinical venti-
lation with heat recovery 
• shower heat exchangers

PV on roofs:    
• 40 m2 per roof

• Local heat network
• Collective ATES using 
waste heat from offices and 
supermarkets
• SC if heat demand is not 
covered 
• Heat pump is used with 
ATES system_the electriciry 
used is produced by rene-
wable sources

Features:
• 22 multistory building 
blocks of social rental
• poor energy performance 

Heat demand

H          12289  MWh/y
CO2      2488   tCO2eq/y

Remaining heat demand

H          3072    MWh/y
CO2     622       tCO2eq/y

Remaining heat &  Electricity 
demand

H           0          MWh/y
CO2      0          tCO2eq/y
E          -8          MWh/y

Remaining heat demand &  
Electricity demand for heat 
pump with COP = 6

H          0           MWh/y
CO2     0           tCO2eq/y
E           512      MWh/y

0. EXISTING SITUATION

1. DEMAND REDUCTION

3. ELECTRICITY PRODUC-
TION

2. HEAT PRODUCTION 

STEPS AND FEATURES

880

519552

820
0.8

1180 820
0.9
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Buurt 4 Oost
In Buurt 4 Oost there are two proposed basic ener-
gy systems for 3 different clusters inside this neigh-
bourhood. The following template represents the 
connection of the buildings in cluster 1 to the DHN 
and it is the last case described in this report.

Connection to the DHN for cluster 1
In step 0 of describing the existing situation of the 
neighbourhood, it is stated that the most suitable 
dwellings for connection to heat grid are 35 mul-
ti-storey building blocks of social rental with poor 
energy performance. Their total heat demand is 
10899 MWh/year with CO2 emissions of 2206 tCO-
2eq/year. In the case of using the DHN, the appli-
cation of retrofit measures is not required before 
the connection to the heat system. A big amount 
of heat demand is needed for proceeding to an ad-
vantageous agreement for the energy suppliers as 
well, because otherwise they might not be willing 
to cooperate. Therefore, in step 2 the connection 
to the heat grid fulfills immediately the heat de-
mand but the CO2 emissions are reduced by 50% 
since through the heat production from waste in-
cineration process, CO2 is still emitted in the air. 
In order to reduce the emissions even more, ret-
rofit measures are applied according to the goal of 
minimizing the need for heating by 75%. It is note-
worthy to mention that there is a high possibility 
of eliminating the use of waste for providing the 
network with heat until 2050, assuming that the 
heat in the future will be provided by technologies 
using only sustainable sources like deep geother-
mal and solar collectors (sub-section 5.3.1). Thus, 
in 2020 the emissions can reach the value of 278 
tCO2eq/year, and until 2050 it can be decreased to 
0 tCO2eq/year. Template 4: Description of measure used in steps leading to 2050 vision for cluster 1 inside buurt 4 oost

PRINCIPLES RESULTS

Insulation:
• roof, walls, roofs
• high performance win-
dows
Installation efficiency:
• Smart appliances
• change heating system
• efficient mechinical venti-
lation with heat recovery 
• shower heat exchangers

• Collective District Heat 
Network is used

Features:
• 35 multistory building 
blocks of social rental
• poor energy performance 

Heat demand

H          10899  MWh/y
CO2     2206     tCO2eq/y

Remaining heat demand

H          0           MWh/y
CO2     278 -> 0      tCO2eq/y
 Year  2020 -> 2050 

Remaining heat demand

H          0           MWh/y
CO2    1103    tCO2eq/y

0. EXISTING SITUATION

2. DEMAND REDUCTION

1. HEAT PRODUCTION 

STEPS AND FEATURES

Fig. 74: Clusters inside buurt 4 oost

Cluster 1

Cluster 2

Cluster 3
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7.3 DEFINE INTERVENTIONS ON 
TIMELINE
The current sub-section, of defining the interven-
tions on timeline, starting from today until 2050, 
constitutes the last part of the roadmap design. 
After deciding the suitable energy systems for the 
clusters inside each neighbourhood, the build-
ing blocks are prioritised with the use of the de-
cision-making diagram once again, based on their 
heat demand levels. The retrofit interventions are 
in stages of 5-year periods, except for the first time 
referring to the period between 2017 until 2020, 
since the application of retrofit measures in steps 
results a more economic path for the owners. The 
heat demands of all dwellings are examined every 
5 years to go first for retrofit for the buildings ex-
ceeding the set heat-demand limit, until the de-
mand is reduced by 75% according to the specific 
goal for these neighbourhoods (see sub-section 
6.2.1). 

The mentioned heat demand limit changes after 
each 5-year period of retrofit interventions, fol-
lowing the decrease in the dwellings’ demands, 
starting from 300 kWh/m2 in 2017, dropping to 
250 kWh/m2 in 2020, to 200 kWh/m2 in 2025, 150 
kWh/m2 in 2030, 100 kWh/m2 in 2035, and finally, 
all building blocks’ demand should be below 100 
kWh/m2 for the last decade until 2050. The energy 
need for heating for each building block individu-
ally is retrieved from the context analysis (Appen-
dix). For visualising the changes in heat demand 
3-dimensional heat maps are designed, showing 
firstly the buildings chosen to be retrofitted the 
specific 5-year period, and secondly the reduced 
heat demand values by retrofit stages and the cov-
ered values by renewable sources.  

Retrofit is in 3 stages, following defined renovation 

stages of the project Europe’s Buildings under the 
Microscope considering the minor retrofit results 
in 30% energy savings, moderate retrofit results in 
30%-60% energy savings, and deep retrofit in 60%-
90% savings. In the visualisations illustrated below, 
the average percentage of each stage is taken into 
account, guiding to the final step of 75% energy 
reduction for the selected neighbourhoods for ret-
rofit interventions, and in final stage, in vision for 
2050, all heat demands should be covered by the 
use of renewable energy systems.

At 2017, the buildings from each neighbourhood with heat demand higher than 300 kWh/m2 are picked 
for retrofit interventions until 2020, which are visible in the first diagram of the initial heat demand lev-
els. By following the first sub-step of the roadmap design, through which the suitable energy systems 
matching each cluster inside these neighbourhoods are decided (sub-chapter 7.1), some of the selected 
buildings are directly connected to the DHN and the rest go for the first stage of retrofit. The second 
graph, represents the situation in 2020, after the first retrofit interventions. The connected dwellings to 
the DHN are shown in red colour, and their heat demand is not visible anymore since it is covered fully 
from the heat grid that uses HT renewable energy sources. Also, the heat demand of the rest of the 
dwellings after minor retrofit, is shown in yellow colour with 15% demand reduction. 

At 2020, through the second application of the decision-making diagram on the area, the buildings with 
demand higher than 250 kWh/m2 are chosen to be retrofitted until 2025 (figure 75). Some of them are 
connected to DHN, some are getting minor retrofit measures, illustrated in the same way as in the pre-
vious example, and some are getting moderate retrofit measures, resulting to 45% demand reduction 
shown in blue colour, since they got minor retrofit the previous 3 years (figure 76). 

Fig. 73: Selected buildings for retrofit in period 2017-2020

Fig. 75: Selected buildings for retrofit in period 2020-2025

Fig. 74: Reduced demand of several dwellings from retrofit 
measures and covered demand in case of connection to the 
DHN, 2020

Fig. 76: Reduced demand of several dwellings from retrofit 
measures and covered demand in case of connection to the 
DHN, 2025

2017 - 2020

2020 - 2025
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Same procedure is repeated for the dwellings exceeding the value of 150 kWh/m2.

For selecting the buildings for retrofit interventions through tis 5-year period, from the third application 
of the decision-making diagram in 2025, the limit is determined as 200 kWh/m2 (figure 77). In 2030, 
more dwellings are connected to DHN, others for minor retrofit with 15% decrease in heat demand, 
some are getting moderate retrofit achieving 45% demand reduction, and others for deep retrofit, as 
moderate retrofit measures are already applied on them in the previous 5 years, leading to the final 
goal of 75% demand reduction (figure 78).  

Fig. 79: Selected buildings for retrofit in period 2030-2035

Fig. 77: Selected buildings for retrofit in period 2025-2030

Fig. 80: Reduced demand of several dwellings from retrofit 
measures and covered demand in case of connection to the 
DHN, 2035

Fig. 78: Reduced demand of several dwellings from retrofit 
measures and covered demand in case of connection to the 
DHN, 2030

2030 - 2035

2025 - 2030

This procedure is repeated until the last decade before reaching 2050, when all dwellings’ heat demand 
individually should be below 100 kWh/m2. The illustrated demands coloured in purple, are the remain-
ing values to be covered by LT energy systems, in the specific clusters as already decided (recall sub-sec-
tion 7.1), while the red building blocks’ demands are already fulfilled by the use of the local DHN. 

Same procedure is repeated for the dwellings exceeding the value of 100 kWh/m2.

Fig. 83: Selected buildings for retrofit in period 2040-2050

Fig. 81: Selected buildings for retrofit in period 2035-2040

Fig. 84: Reduced demand of several dwellings from retrofit 
measures and covered demand in case of connection to the 
DHN, 2050

Fig. 82: Reduced demand of several dwellings from retrofit 
measures and covered demand in case of connection to the 
DHN, 2040

2040 - 2050

2035 - 2040
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This map expresses the final vision for 2050 as an overview of the applied energy systems on the se-
lected neighbourhoods for retrofit interventions inside Amsterdam Nieuw West district. For reaching 
this vision, at the point that heat demand of all dwellings is covered by renewable sources, both of the 
3 sub-steps of the roadmap have been unavoidable for realizing the suitable placements of each basic 
energy system, for quantifying the changes in heat demand of each dwelling, and for visualising these 
outcomes on timeline. Finally, it is remarkable to mention that even though in reality the LT systems will 
not be applied in 2050, the graphs showing the process in time, aim to illustrate the demand changes 
due to the retrofit stages, required before applying the systems. 

Fig. 85: 

Implemented energy systems overview_ 2050 vision

NOM

D.H.N

All-electric

Small scale heat network
with ATES
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Under the aim of creating more sustainable cities, 
different and complex methods to define sustaina-
ble measures, actions and interventions are usually 
used. Amsterdam is one of the cities that intend to 
become climate friendly and energy efficient until 
2050 and totally independent of fossil fuels in later 
plans. The European City-zen project points at the 
development of an energy transition urban plan-
ning methodology for fully sustainable and energy 
(carbon) neutral smart cities in the future, by using 
Amsterdam as one of the case studies (Broersma & 
Fremouw, 2015). This chapter presents the thesis 
conclusions by answering first the research ques-
tion, and by discussing furthermore the main out-
comes of this research. By answering the research 
question, this thesis research aims to contribute in 
the City-Zen project.

Research question
Which is the methodology leading to the design 
of a roadmap that helps to define which energy 
systems and retrofit measures should be applied 
where and when, on residential neighbourhoods of 
Amsterdam Nieuw West until 2050, for achieving 
their energy transition and CO2 emissions reduc-
tion?

The answer to that question is given by implement-
ing a 4-step energy urban planning methodology 
that facilitates the realization of a roadmap de-
sign, that in combination with a set of energy and 
retrofit measures, as well as basic data which was 
extracted from the context analysis, suitable ener-
gy systems and retrofit measures applications on 
residential neighbourhoods of Amsterdam Nieuw 
West can be determined. This roadmap is a useful 
tool for Amsterdam Municipality, that consists of 
an overview regarding the context and energy con-
ditions, for the sake of providing with more unified 

solutions of energy systems and retrofit measures, 
for clusters of dwellings with the same construc-
tion and ownership traits, consisting the different 
neighbourhoods.

The 4 steps of the methodology, to be implement-
ed respectively, start from 1) map the present, 2) 
define the future energy targets, 3) develop the 
strategy for selecting suitable energy systems, 
and finally 4) the design of the energy transition 
roadmap for selected neighbourhoods inside Am-
sterdam Nieuw West district. By following the 
aforementioned steps on both city and neighbour-
hood scale results in the realization of an energy 
transition roadmap. This roadmap aims to satisfy 
the requirements and the goals that were defined 
in the running scenario with 60% reduction for the 
entire city of Amsterdam and up to 75% reduction 
for Amsterdam Nieuw West district by 2050. 

Nevertheless, the first step for applying the meth-
odology steps, is to define the energy goals which 
were set to a 60% decrease of the total heat de-
mand (for heating space and DHW). By assuming 
that in some districts the demand is going to have 
less reduction, like in the case of the Center that 
has a high heat density and the intervention re-
strictions regarding the historical buildings do not 
allow as much reduction as desired. Thus, a high-
er goal has been set for Amsterdam Nieuw West, 
pursuing 75% decrease in heat demand. The se-
lected neighbourhoods for retrofit interventions 
inside Amsterdam Nieuw West district follow the 
same goal. Moreover, by taking as a fact that in 
2050 natural gas is no longer used in Amsterdam 
city according to the municipality’s goals, a signif-
icant decrease of the respective CO2 emissions is 
expected (i.e. take it for granted). An additional as-
sumption is that the electricity need of dwellings 

remains the same as today, as it can be reduced 
by using smart-appliances in dwellings, while more 
heat pumps are going to be used that need elec-
tricity to operate. 

Moreover, a scenario is developed concerning the 
2050 availability of LT and HT heat for fulfilling the 
future heat demand that leads to a proposal of LT 
and HT heat systems ratio in each district. Since 
the current gas demand of the city is known, the 
current energy demand for heating space and for 
DHW is calculated as 25 PJ, by assuming that 90% 
efficiency boilers are used. Nonetheless, a more 
thorough inspection regarding the exact efficiency 
of gas boilers is required for the sake of achieving 
more accurate results of the heat demand. Since 
potential sources availability is known as well, 
showing that more LT heat (22.3 PJ) comparing to 
DHN heat (9-12 PJ) will be offered to cover the fu-
ture heat demand of 10 PJ. A main conclusion of 
this scenario is that in 2050 the heat demand and 
the electricity need for operating the systems can 
be fully covered by renewable sources.

By taking into account the current energy poten-
tials and the existing scenarios of energy systems 
applications, basic energy systems could be classi-
fied as suitable for neighbourhoods of Amsterdam. 
The classified energy systems are 1) the DHN, 2) 
small-scale heat network connected to ATES sys-
tem, 3) the transition to All-electric and 4) NOM. 
Green gas is another proposed system but it is ex-
cluded because of the small amount of available 
biomass. 

The final outcome of the roadmap consists of 3 
sub-steps which are 1) the selection of suitable en-
ergy systems for 2050 for each one of the selected 
neighbourhoods, 2) the description of the energy 

system and retrofit measures, and the correspond-
ing changes in heat demand and CO2 emissions 
are listed in templates, and 3) the definition of the 
interventions determined by the 2 previous sub-
steps on timeline, starting from today and ending 
in 2050. 

Sub-step 1 is achieved by applying a developed de-
cision-making diagram, concentrating the main var-
iables, revealed from literature review, that helps 
in decision making for selecting the suitable energy 
systems among the classified ones. These variables 
concern mainly the ownership status, the number 
of storeys of each building block, the availability of 
excess heat from non-residential buildings inside 
a neighbourhood, and the possible existence of 
the DHN in a neighbourhood. The variable regard-
ing the balance of heating and cooling demand of 
a neighbourhood through the year is mentioned 
since it is essential for using ATES system. However, 
the cooling demand could not be found to make 
this comparison.

Due to the different features which derived from 
each building block it has pointed out that not all 
buildings inside a neighbourhood share similar set 
of variables. Thus, the collected data regarding the 
typology, ownership and energy characteristics of 
each building block, contributed in selecting sys-
tems for small clusters of dwellings with similar 
construction characteristics and ownership status, 
leading to variations inside several neighbour-
hoods. For instance, dwellings of social rental (one 
owner) and dwellings of private ownership (multi-
ple owners), shape different clusters even if they 
are in the same neighbourhood. Also, the own-
ership status results the starting variable for the 
decision-making, since if there is one owner for a 
building block of social rental, leads to collective 
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solutions, like the connection to DHN or to Small-
scale heat network connected to ATES.  Otherwise, 
individual solutions are possible, such as the transi-
tion of the building to All-electric or NOM. 

A building block of multiple owners can still be con-
nected to collective heat networks, yet in this de-
cision-making process it is simpler to assume that 
the collective solutions are proposed for buildings 
of only one owner since it is easier to be convinced. 
For more detailed and reliable results, proceeding 
with interviews of both the home owners and en-
ergy suppliers of the DHN  would be crucial, be-
cause the heat demand should be high enough 
for ending up in an advantageous agreement for 
both sides. Also, in reality the transition to NOM is 
possible for 3-storey building blocks in some cas-
es, but in this project it is considered as a solution 
for 2-storey buildings to simplify the process, since 
their roof area offered for energy production tech-
nologies can certainly cover the energy needs of 
the house.

In the second stage of the roadmap design, de-
scription templates are provided, one for each en-
ergy system, listing the used energy retrofit meas-
ures in steps, and quantifying the changes in heat 
demand and in CO2 emissions according to each 
step until the demands are fully covered by renew-
able sources. In these templates, the electricity 
use is only considered to be balanced for the heat 
pumps used when LT heat systems are implement-
ed. The heat production by individual applications 
of GSHP, in the cases of describing the All-electric 
and NOM energy systems, is just a choice among 
several others. Solar collectors can be used or PVTs 
if more heat is needed. In the case of Small-scale 
heat network with ATES, the heat is collected from 
non-residential buildings but LT from PVTs can be 

stored as well. Electricity is produced by PVs’ instal-
lations per roof, and the number of panels is calcu-
lated for fulfilling the heat pumps demand. When 
the produced electricity exceeds the heat pumps’ 
demand, it can be used for user-related purposes. 
When DHN is used, the heat demand of the con-
nected dwellings is covered, and it is the only case 
that demand reduction is not required before ap-
plying the energy system. Also, heat pumps are not 
needed since the due to the provided high temper-
ature heat from the heat grid.

For the third stage of the roadmap design, the 
collected retrofit solutions from the first two sub-
steps are used for defining the interventions on 
timeline. The changes in heat demand are visual-
ised on 3-dimensional heat maps, showing the re-
sults of 5-year periods of retrofit actions, starting 
from today until reaching the final energy goal of 
75% decrease in heat demand by 2050. The re-
maining heat demands can be covered by imple-
menting the classified energy systems using local 
renewable sources. The dwellings are prioritised 
for intervention based on their individual heat de-
mand levels in order to complete their retrofit in 
stages, resulting in a more economical path. These 
heat maps are a useful visualization tool that can 
help the municipality and the stakeholders realize 
how the different measures affect the heat de-
mand through the years. 

A final 3-dimensional map of the area in the end 
of the roadmap process illustrates all the proposed 
results, forming the energy systems 2050 vision for 
the specific neighbourhoods. These results cannot 
be presented as fixed solutions, due to the fact that 
the technologies and the availability of renewable 
sources may undergo changes that cannot be pre-
dicted precisely over a period of 33 years from to-

day. In addition, stakeholders play a dominant role 
on the decision-making for selecting systems, and 
further research is required, such as interviewing 
the owners and asking the energy suppliers about 
future plans, for giving more detailed and accurate 
solutions. Last but not least, the developed energy 
urban planning methodology steps leading to the 
energy transition roadmap design, can be definitely 
used in other neighbourhoods of Amsterdam, and 
results a promising methodology for further imple-
mentations in other cities of the world, serving the 
targets of the largest society to decrease CO2 emis-
sions and achieve the desired sustainable develop-
ment. Nevertheless, several alterations are need-
ed for using it in other places of different context 
and energy characteristics. These alterations can 
be based on different future energy goals of oth-
er cities, and on the local demands and potentials 
that must be collected. All this data will probably 
lead to the classification of different basic energy 
systems, guiding to different application variables 
for the decision-making process of selecting suita-
ble energy systems for clusters of dwellings on the 
appropriate time.
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APPENDIX
Energy demands calculation_conversion of electricity and natural gas amounts to PJ per year

Energy potentials calculation_excel template

CO2 emissions calculation_conversion of natural gas amount to CO2

1 m3 natural gas = 1.78 kg CO2
1 tCO2eq = 1 tonne, where tCO2eq is the unit of measure for atmospheric pollution

4 595 566 161 kWh/year

Electricity

16.5 PJ/year

788 716 193 m3/year

7 704 968 489 kWh/year

Natural Gas

27.7 PJ/year

1 m3 = 9.796 kWh

1 kWh = 3.6 * 10-9 PJ
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Data extraction through site analysis
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