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Abstract
In Europe, the Energy Performance of Buildings Directive is a driving force for member states to develop
and strengthen energy performance regulations for new and existing buildings. In the Netherlands, 33%
of dwellings (2.4 million) are owned by social housing associations (Aedes, 2013), and 86%(CBS.nl, 2012)
of them do not yet conform to the European 2009/28/EC which states that all the existing houses have to
reach at least energy label B in 2020 (Aedes, 2014). In the last years, the renovation rate for these
dwellings is rising at a very low speed, and if this trend will not significantly increase, the Dutch social
housing corporations will not comply with the European Commission requirements.
The increasing developments in energy conservation measures and building-integrated renewable energy
technologies have the potential to accelerate the sustainable renovation process. However, due to a lack
of information and ambiguity about the performance of such systems, the decision-makers in companies
whose core competence is not strictly energy efficiency related, face challenges in selecting the most
appropriate sets of measures for their projects.
Hence, there is a need for a tool to assist well-informed decision-making for renovation measures in the
Dutch social housing stock. Such a tool should be fast and easy-to-use, yet cover a wide range of
technologies, be robust, and lead to reliable and accurate predictions.
This report describes the challenges and solutions in the development of a decision support tool that
calculates the possible combinations of thermal insulation and a selection of relevant renewable energy
technologies at house level. Through this system, the combined energy savings, environmental impact
and financial feasibility for a given house archetype can easily be calculated by a non-specialist user and
the applied to large projects within the social housing corporation.
The functional needs and requirements of the decision support tool were identified through a series of
interviews with social housing corporations’ employees. This led to the development of a methodology in
which the performance of insulation scenarios is pre-calculated using an energy performance certificate
(EPC) software, while low-resolution models are used for assessing the potential of renewable energy
technologies. The financial model included in the decision support tool was built together with the
company specifications for sustainable renovation projects. All these sub-models were integrated into
one graphical user interface.
As a result, the mentioned tool has been already successfully applied in a project of a social housing
corporation in Eindhoven. The lessons learned from the design and the implementation of the system has
the potential to be applied in other European countries.
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0. Problem Definition
In recent years the social housing corporations in Europe have been submitting and realizing many
retrofitting projects. In the Netherlands, various initiatives are currently being undertaken to improve the
energy efficiency of this existing stock, for example in the cities of Roosendaal or in Kerkrade.
Economical restrictions such as the rental prices and national limits, the increase of the energy prices, and
the financial crisis have a big influence on the strategic decisions of households and the social housing
corporations. An ideal retrofitting should be both environmentally friendly and financially sustainable.
The tenants play an essential role. In fact for a project to be realized at the district level, 70% of the
inhabitants have to agree.
The increasing development of new technologies related to construction methods and energy conversion
or storage systems can aid the process, but it risks raising the amount of information provided.
This process often translates to a rise in confusion for companies whose core business is not strictly
energy efficiency related.
Therefore an internal tool can be a possible solution to increase the awareness of the social housing
corporations and offer a quick scan of the possible solutions for sustainable renovation projects.

Goal of the project:

The goal of the project is to design a decision support model for renovation projects for Dutch social
housing corporations. The tool should be designed for internal use of the company in order to provide the
users (social housing corporation employees) with options for improving the sustainability of the housing
stock. The energy saving and financial consequences need to be included in the model.

1. Background information
To give the reader a quick overview of the context in which the decision support tool kit finds place, an
overview of the background information can be found below.

1.1

Energy Performance of Buildings Directive and Dutch regulation.

The Energy Performance of Buildings Directive (EPBD) (Directive 2002/91/EC) is the main EU policy
instrument to improve the energy performance of existing buildings. One of the most significant
measures that have been introduced is a framework for energy performance certification. Energy
Performance Certificates (EPCs) must include reference values, such as current legal standards, in order
for consumers to easily compare and assess the energy performance of their house. They must also be
accompanied by recommendations for cost-effective improvement options to raise the performance and
rating of the building. The recast of the EPBD in 2010 (Directive 2010/31/EU) strengthened the role of
EPCs, for example by demanding publication of the energy performance indicator of the EPC at the time
of advertising a building for sale or rental rather than only at the time of signing a purchase agreement or
rental contract.
Provision of clear and reliable information at affordable cost and at the appropriate time to prospective
tenants and buyers is crucial for making energy efficiency investments more attractive.
For each existing and new building an Energy-Index is calculated according to a fixed methodology which
has been implemented in the research. This index determines the Energy-Label of the building which can
go to the most efficient class; label A++ to the label G.

1.2

Existing renovation projects in Dutch social housing corporations

Often funded by the framework programs of the European Commission, the housing corporations set
their goals and conditions based on the EU requirements.
8

Two of the most popular recent renovation projects in the Dutch social housing corporations sector have
been:
- Roosendaal, 2010
- Kerkrade, 2011.
The projects have been selected since the retrofit was applied to terraced houses, the same archetype
chosen for this research. Both examples have been analysed in terms of technical solutions, social, energy
and financial aspects (see Table 1).

Roosendaal:
Renovation
250
Single-family
houses.

Kerkrade
‘’de
Kroeven’’:
Renovation
153
Single-family
houses in 10
days.

Technical
solutions

Financial aspects

Table 1
Energy
savings

Social Aspects

Monitoring

Cost
/house

Passivhaus
insulation
standards prefab
elements, Solar
collector for
heating and DHW +
Auxiliary
condensation gas
boiler (CV ketel).
Mechanical
ventilation
increases the air
quality.
Passivhaus
insulation
standards prefab
elements,
Photovoltaic panels
for electricity. Solar
collectors+
Condensation gas
boilers for DHW
purposes.

Rental increase of
€65. The same
guaranteed
energy bill
savings.

Expected:
-80% less heat
demand;
-50% DHW
demand.
Source: IEA
ECBCS Annex
50.

Overheating and
cooling demand.

Results on 10
dwellings:
+14% Electricity
demand (because
of the heat
recovery
ventilation)
-63% gas demand.

€
130.000,00

Kerkrade Park
Stad (company)
paid PV panels +
EU Learning
project ZUYD
University funds +
Social housing
corp. Tenants:
+50€ rent but
guaranteed -70€
energy bill per
month.

Expected:
Gas: from
1600m³ to
600m³;
Electricity:
from 3500 900 kWh

100%
participation
because of
financial, time
and aesthetics
conditions.

The social housing
corporation has
the information.

€100.000,00

Table 1: Example of existing social housing corporation refurbishment projects in the Netherlands.

In both projects heavy passive measures were applied. Moreover, to assure a good indoor air quality,
mechanical or heat recovery ventilation systems were installed; to cover the heating and electricity
demand, solar energy systems and condensation gas boilers were chosen. The combination of these
solutions gave remarkable results in terms of energy efficiency of the dwelling, even though the cost per
house seems to be undesirable for social housing corporation standards. In fact they provide houses with
a low rent to tenants with a yearly income lower than € 40.000,00 gross (Aedes, 2014). The fact that the
mentioned pilot projects was financed by the social housing corporations, universities, municipality and
European funding, might have been one of the main causes of the tenants participation. Additionally, due
to the passivhaus standards (Passivhaus.org) applied in the up mentioned renovation projects,
overheating were experienced by the occupants.

1.3

Woonbedrijf housing stock

Woonbedrijf is the biggest social housing corporation in the region of North-Brabant and it accounts
around 33,000 dwellings in Eindhoven and neighbouring areas.
The housing stock is divided in eight, so called districts, which include a certain number of sub-units called
complexes. In Table 2 the properties are listed per archetype and year of construction.
9

Year of construction Terraced house
3066
< 1945
7033
1945 - 1965
6542
1966 -1976
951
1977 - 1992
766
> = 1993

Multifamily house

Apartment

Apartment with lift

617
1579
184
309
2566
78
148
758
2411
Table 2: Woonbedrijf housing stock per archetype and year of construction (source Woonbedrijf, 2011).

As shown in the table, the terraced houses represent 61% of the company stock. While in the Netherlands
the terraced houses built between 1945 and 1965, accounts for around 478.000 dwellings, 7% of all
dwellings, (Ritzen, 2013), they are the 23% of the total Woonbedrijf housing stock. Because of the low
energy performances, the plans for renovation projects of the company are mainly oriented to complexes
which are composed by this type of dwellings.

1.3.1 Strategic goals of the company
Woonbedrijf is very committed in refurbishing its housing stock and the goals of the company are stated
in the document called Strategiedocument; duurzaamheid bij Woonbedrijf:
- Refurbish all the housing stock to at least energy label B by 2020;
- Build new apartment buildings with an EPC (Energy Performance Coefficient) of at least 0.4 from 2014;
- Cover the energy demand in the neighbourhoods by generating “green” energy, in order to result in a
self-sufficient neighbourhood by 2045.

1.3.2 The pilot projects
Woonbedrijf has identified the Airey neighbourhood (Complex 220) located in Genderdal, in the
southwest of Eindhoven, as a priority residential area where to set a pilot project for testing sustainable
measures and techniques implementation at house and district level. The neighbourhood was built in
1958 and contains 238 terraced single family dwellings, the so-called “Airey houses” (old Philips
neighbourhood, see Figure 1). In the reconstruction period after the Second World War, a lot of “Airey
houses” were built in England and the Netherlands.

Figure 1 Airey houses in Gestel, Eindhoven
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The company is planning to realize four more renovation projects in the following years. This will be done
according to the Buurttransformator concept, a bottom-up approach guided by the social housing
corporation that will encourage the process of conversion of its housing stock into energy neutral. The
plan of the company matches with the goals of Eindhoven municipality that aims to become energy
neutral in 2045.

1.4

The archetype chosen

The trainee had been asked to evaluate the possible combinations of insulation and technologies
applicable to at least two neighbourhoods for future energy retrofitting projects, hence the complex 220
and the complex 503 in the neighbourhood of Tongerle, were studied.
Located in the north east area of Eindhoven, the complex 503 consist of 202 terraced houses built in the
year 1956 (Figure 2).

Figure 2 Terraced houses in Tongelre, Eindhoven

As the Airey neighbourhood, in this complex, the house type belongs to the archetype terraced houses
built between 1945 and 1965.
The Rc-value (thermal resistance) of the house components is quite low: 0.22 and 0.39 for the roof, 0.36
for the façade, 0.15 m² K/W for the floor if we compare them to the new minimum value for buildings of
the same type in the Netherlands (3.5 m² K/W), (rvo.nl, 2013)
The windows of the complex 220 are fitted with doubled glass with a U-value of 3.3 W/m²*K (including
frame), while in complex 503, a mix of single glazing with a transmittance (U-value) of 5.2 and double
glazing are installed (U-value 2.9 W/m²*K). They could be upgraded towards HR++ glass or triple glazing
with a U-value respectively of 1.8 W/m²*K and 1.4 W/m²*K (including frame).
In the Airey houses three types of boilers are in use: condensing boilers HR100, HR107 and VR. These are
High Efficiency (HR) and Improved Efficiency (VR) boilers, which result in a more efficient use of the gas
consumption then normal boilers. In the complex 503, almost the totality of the boilers is condensing type
and there is a small percentage of fuel oil fired boilers for room heating and domestic hot water. Those
data are summarized in Table 3:
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Element

Thermal properties

Complex 220

Complex 503

Façade

Rc (m²*K/W)

0.36

0.36

Roof

Rc (m²*K/W)

0.22

-

Insulated Roof

Rc (m²*K/W)

-

0.39

Floor

Rc (m²*K/W)

0.15

0.15

Insulated Floor

Rc (m²*K/W)

0.32

0.32

Double Glazing

U (W/m²*K)

3.3

2.9

Single Glazing

U (W/m²*K)

-

5.2

Door

Rc (m²*K/W)

0.116

0.116

Ventilation System
Natural
Natural
Domestic hot water and space heating
Combi condensing boiler
Condensing boiler ( HR, VR) , Oil
systems.
(HR, VR)
fired boilers.
Table 3: The thermal properties of the components, ventilation system and heating systems are shown for the two selected
complexes.

In both complexes, the houses have been categorized in four different technical types:
-

Technical type 90 and 100 has been built in the complex 220. The main difference between them
is the total usable surface, respectively 67.5m² and 75m².

-

Technical type F and F1 can be found in the complex 503. Their main difference is the glazing
surface, respectively 15 m² and 20 m².

In Table 4 the average yearly energy demand, the monthly rent and the ratio between the monthly
energy bill and the rent are shown. The ratio is representative of the low thermal quality of the buildings:
29% for complex 220 and 33% for complex 503 (see Appendix A for more detailed data about the
location, the geometry data and energy demand per house type).
Complex

Electricity demand (kWh/year)

Gas demand (m³/year)

Target rent (€/month)

Ratio: energy bill/target rent

220

2200

1300

€ 405,00

29%

503

2747

1690

€ 453,75

33%

Table 4: Energy demand of the houses in the studied complex dwellings.

After analysing the actual properties of the houses, four insulation scenarios were created together with
simplified models for renewable energy technologies at house level.

1.5

Insulation scenarios and renewable energy technologies included

Three different steps can be followed in order to reduce CO2 emissions: reduction of the energy demand,
use of renewable energy sources for the remaining energy demand and improve of energy efficiency
where fossil fuels still need to be used as pointed out in the Trias energetica principle
(Triasenergetica.com). Passive measures can be adopted in order to enhance the thermal inertia of the
building envelope and reduce the heating demand. They can be applied to all the building components
such as floors, façades, and roofs. Windows can be equipped with low emissivity (or low-e) glass. This is
double or triple glazing with a coating that reflects infrared, but let visible light pass. It is also filled with a
special gas.
The potential savings related to different passive renovation scenarios have been calculated and the
outputs used as an input for the renewable energy models
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The dwellings in the two complexes have been equipped with eight different insulation packages divided
in: Scenario 1 (Reasonable), Scenario 2 (Good), Scenario 3 (Excellent) and Scenario 4 (Excellent +triple).
The remaining four are the ‘’No floor’’ scenarios, in which the same measures have been applied, and the
floor insulation have been excluded. This choice is meant to be applied in situations in which the
foundations of the houses are not accessible or their construction layers could contain toxic materials like
asbestos.
The renewable energy technologies included in the system, so called active measures, have been chosen
according to the following company requirement: they must be proven and already applied in existing
buildings renovation projects.
The technologies in combination with the mentioned passive measures will play a significant role to
achieve extreme energy savings. A selection of relevant renewable energy technologies at house level
have been investigated (Table 5). Photovoltaic panels have been chosen to provide convert electricity
from solar energy; this energy can be stored in batteries for a desired amount of days. The gas
consumption for room heating and domestic hot water can be reduced through the deployment of solar
collectors and heat pumps. Both technologies are equipped with tanks for domestic hot water.
House level

Conversion

Storage

Electricity

Photovoltaic panels

Batteries

Heating

Solar collectors

hot water tank

Heating

Air Source Heat Pumps

hot water tank

Heating

Ground Source Heat Pumps

hot water tank

Neighbourhood Level
Collective heating

Aquifer Thermal Energy Storage

Table 5: Renewable energy technologies included in the decision support tool.

It is important to mention that initially the Micro cogeneration systems at house level (Micro CHP) were
included in the system, since they comply with the initial requirement. This technology uses an internal
combustion engine that can be fuelled by either natural gas or LPG to produce simultaneously electricity
and heat. Since the archetype chosen, once the passive measures scenarios are applied, will have a
demand inferior to 1650 m³/year, this technology has been excluded, if installed at house level
(Milieucentraal,2014). At neighbourhood level the ATES system (Aquifer Thermal Energy Storage) has
been studied and a model created.

2.

System Requirements

In this section the design requirements are introduced. They determine the conditions to meet during the
design implementation.
During the 10 months of job experience in the company, five meetings with the so called end-users, have
been scheduled. In order to have a practical application, the system has to meet the expectations of the
company and the target group called end-users: the employees that are supposed to work with it (see
Table 6).
Name

Marieke

Linda

Jorg

Dirk

Rob

Marion

Function

Senior Project
leader

Advisor Real
Estate

Real Estate
developer

Advisor Real
Estate

Real Estate
developer

Real Estate
developer

Table 6: The name and function of the end-users is indicated.

Below the main company requirements are introduced.
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2.1

Scalability

The system shall be able to be applied for all the complexes which include the mentioned archetype. It is
supposed to combine fixed values from the calculations behind the interface and the variable inputs from
the user.

2.2

Quick in decision making

The system has to provide the user with a quick advice that should match with the company strategy for
renovation projects. In order to do that, the calculations for insulation and renewable energy technologies
will need to be linked to a financial model coherent with the company values and rates.

2.3

Ease-to-use

The user interface should be friendly and clear. With the purpose to guide the steps to take, some
comments and input limitations should be implemented.

2.4

Reliability

The tool should provide the company with reliable values and calculations. Every selected measure,
should be referenced and coherent with the characteristics of the location, take into account preferably
Dutch regulations and the specific geometry of the archetype.

2.5

Desired system outputs

The environmental, energy savings and financial consequences have to be included as an output of the
system. Other desired outputs are the house Energy Label before and after renovation, and the
contribution of the tenant over the total investment costs based on the monthly rental increase.

3.

Design Description

Menus, as a list of prepared foods, have been discovered dating back to the Song Dynasty in China. In the
larger populated cities of the time, merchants found a way to cater to busy customers who had little time
or energy to prepare food during the evening (Wikipedia).
This concept was revisited and transformed to a decision support tool for renovation projects in Dutch
social housing corporations specifically for terraced houses built between the 1945 and 1965. The system
is composed by three different that can be used in different phases of the projects:
-

-

Strategy Menu. According to the strategic goals chosen, in four steps, the best combination of
solutions of insulation scenarios and renewable energy technologies will be suggested to the user.
House Level Menu. With this tool it is possible to insert the geometrical properties of the chosen
house which will be refurbished, choose the ventilation system, select the insulation scenarios,
renewable energy technologies and energy saving measures one by one. A customized
combination will be the output of this model. Other outputs will be the energy label, the carbon
dioxide reduction and the financial consequences for the company and the tenant after the
selected measure for renovation.
A third model called Neighbourhood level Menu has been designed, in order to estimate the
thermal power and the costs involved in the construction of an aquifer thermal energy system
(ATES) at a neighbourhood level. The number of houses involved and their associated heating and
cooling demand are the data to input.
14

It is important to mention that the Strategy Level Menu and the House Level Menu are connected to
each other. In fact the outputs and calculations behind the models are based on coherent
assumptions and parameters. The Neighbourhood level Menu is not connected with the mentioned
ones and provides the user with an additional model for feasibility studies specifically related to one
technology and its financial consequences (Figure 3).

Figure 3: Conceptual structure of the Menukaart for renovation projects.

3.1

Placement of the Tool in the Project process for Real Estate
Department of Woonbedrijf

In the context of new building and refurbishment projects for dwellings in Woonbedrijf, the Real Estate
Department, the FMS Administration (Finance, Administration, ICT and Facilities) and the Districts
together with Dion (Implementation and juridical Department) are the main actors. The activities are
structured in a document called Real Estate Working Process (Proces Projectmatig Werken Vastgoed) in
which all the project phases, together with the functions of the departments and actors involved, are
described in detail.
Scheme of the phases and responsible department per phase:
1)
2)
3)
4)
5)
6)
7)

Initial Phase (Initiatief fase) – Districts;
Performance Phase (Prestatie fase) – Districts;
Definition phase (Definitie fase) - Real Estate;
Design Phase (Ontwerp fase) - Real Estate;
Preparation Phase (Voorbereiding fase) - Real Estate;
Implementation Phase- Project Management (Uitvoering - Directievoering fase) - Real Estate;
Aftercare phase (Nazorg fase) – Districts.
15

The three models will find their application in specific steps of the process for renovation projects of
social housing corporations (see Figure 4).

Figure 4: Menukaart models placement in the process for renovation projects of Woonbedrijf.

The Strategy Menu and the Neighbourhood level Menu will provide support and will trigger discussions in
the Initial phases (Initiation and performing), when the projects requirements are defined. The House
level Menu will be an input for the Definition phase when the options for the projects stated. After that,
external advisors and specialists will make deeper researches and the company will take actions
accordingly.

3.2

Activity Diagrams

With the aim to high level understanding of the system's functionalities, an activity diagram per sub-menu
has been built. The activity diagram is suitable for modelling the activity flow of the system and based on
this design, the system implementation will be shaped.
In the diagrams two main actors have been defined: U that stands for user of the Menukaart and S, the
system behind the user interface. For practical reasons, the diagrams will be described in parts. The
reader will be guided through the activity diagrams through small schemes located on the right side
bottom of the figure, where the position in the chart will be underlined.

3.2.1 Strategy Level Menu system design
As indicated in Figure 5 the User, once the system is started up, can select one of the menu options. If the
user chose for the Strategy Level Menu, right after he or she has to identify house type, between or
corner, that prefers to explore. The next step is to pick one of the alternatives: Insulation all the
components (roof, ground floor, and wall are insulated, while glazing and doors are replaced with higher
thermal performance products), or Insulation all components NO FLOOR, the same option, but the ground
floor is not improved.

16

AA
A

Figure 5: Part A of the Strategy Level Menu activity diagram.

As the insulation is decided, the user fills in the Annual total electricity consumption of the house in
kWh/year. These data are often available in the databases of the social housing corporations; if not, a
range shall be suggested, as indicated in Figure 6. In this case the range is known, and the yearly bills of
the two mentioned house complexes, have been used as a source. The archetype Total usable surface of
the house in m², defined as the total house surface - internal and external partitions and attic, can be
filled in. Even in this case maximum and minimum limits are suggested to the user. The system will react
to the inputs, computing the total gas consumption (m³/year), total CO2 production (kg/year), based on
average consumption per square meter for the archetype.
The Strategy Level Menu (system), displays six different Strategy goals that aim to facilitate the decision
making process for a renovation project. They have been selected coherently with strategy preferences by
some district managers and the end-user group of the company. The user can select one of the goals
below:
-

Min CO2 (kg/year): combination of passive and active measures options at house level that will
lead to the lowest carbon dioxide emission on year base;
Min Bill (€/year) combination of passive and active measures options at house level that will lead
to the lowest energy bill on year base;
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-

ALL Electric_Min CO2 (kg/year) lowest carbon dioxide emission on year base when applying
measures that consume only electricity. For example gas boilers will be replaced with heat
pumps and electric stoves will be installed.
ALL Electric_Min Bill (€/year) lowest energy bill on year base when applying the same measures
explained in the last strategic goal option.
NO Heat pump_Min CO2 (kg/year) lowest carbon dioxide emission, when applying the best
combination of energy reduction and conversion measures, excluding heat pumps.
NO Heat pump_Min Bill (€/year) lowest energy bill on year base when applying the best combination
of energy reduction and conversion measures, excluding heat pumps.

Figure 6: Part B of the Strategy Level Menu activity diagram.

The last part of this menu is indicated in Figure 7 , where the system calculates and displays a table
containing the top three combinations of passive (insulation scenarios) measures and active measures
(renewable energy selection), the percentages of CO2 or energy bill yearly reductions. The user can then
select the Combinations Legend button that leads to the legend database and check the measures
included in the presented top three combinations.
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Figure 7: Part C (and last) of the Strategy Level Menu activity diagram.

The user can restart the process if more options are needed to be explored.

3.2.2 House Level Menu system design
The House Level Menu is meant to create customized combinations and evaluate their energy-savings,
environmental and financial consequences.
In Part A (Figure 8), after choosing the House Level Menu, the user needs to select if insulation of all
components or all components but the ground floor is desired. Filling in the geometry data of the house
(in m²) and indicating the house type (corner of between) are the next steps. To facilitate the user, values
are suggested, based on the existing company database that contains also the annual electricity and gas
consumption. Even in this model an array of suitable quantities expressed in kWh/year and m³/year is
suggested.
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Figure 8: Part A of the House Level Menu activity diagram.

The ventilation type can be indicated by the user and the Appliances and Behaviour electricity (kWh/year)
will be displayed by the system (see Part B Figure 9). It is calculated subtracting the House electricity +
ventilation (kWh/year) to the previous Annual total electricity consumption (kWh/year). Where the House
electricity is defined as the electricity of the building (EPC electricity), in presence of natural ventilation.
The electricity consumption of the mechanical and heat recovery ventilation was defined with an EPC
calculations software. This type of program does not take into account the electricity consumption from
the appliances use and the behaviour of the occupants which was approximated with the previously
mentioned linear relation.

Figure 9: Part B of the House Level Menu activity diagram.
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The selected energy reduction measures can be responsible of a relative high energy saving.
The user can decide whether to apply them all, partially none of them. This passage will have impact on
the new total electricity and gas consumption, calculated and displayed by the system.
After that, the Gas annual consumption (m³/year) will be filled in by the user and the system will
subdivide the input in three portions: the total in domestic hot water (DHW), cooking and room heating
(RH). The first and the second portions, which will be kept fixed from the system, even though the
insulation level of the house will be improved. The assumed amount of gas for hot water and cooking is
stated in side comments.
The user will then pick one of the insulation scenarios (passive measures applied at house level), that will
be suggested to be coupled to a specific ventilation option for internal comfort reasons. The suggestion
will appear if the user passes the mouse over the button of every insulation option. The details of the
effects in terms of new thermal resistance and transmittance of the components is inserted in comments
if the user passes the mouse over those cells. The system will react, displaying the updated total gas
consumption. This process is shown in Part C (Figure 10).

Figure 10: Part C of the House Level Menu activity diagram.
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The renewable energy technology options for the user start with the possibility to select 5, 10 or 20
photovoltaic panels for electricity conversion. The system will update the new total electricity
consumption (kWh/year). The renewable heating can be converted by air source or ground source heat
pumps. They can be applied both for RH and DHW, and only for room heating. In this case the heat pump
will be coupled to the already installed condensing boiler. Only one option for heat pump can be selected.
The user can even include a solar collector to minimize the annual thermal energy for DHW.
Following the outcome of the options chosen, the system will update again the new total electricity and
gas consumption on year base (see Part D in Figure 11).
If the user would like to cover completely one side or both sides of the roof for this archetype with
photovoltaic panels, the options 8 Photovoltaic panels + 1 Solar collector or 18 Photovoltaic panels + 1
Solar collector can be picked. If in part D, one option for the photovoltaic panels was selected, it must be
unchecked to apply the option of photovoltaic panels and solar collector (see Part E in Figure 12).

Figure 11: Part D of the House Level Menu activity diagram.

The last part of the House Level Menu, Part E in Figure 12 the system will show the financial model and
the final outputs for the social housing corporation users. Based on the previous inputs, the system will
display: the Energy bill (initial) (€/month), that the user can compare with the Monthly financial savings
(€/month), the Energy Label summary, for the initial, Only insulation and Insulation + Renewable energy
situations. The user can interact with the system, inputting the monthly target rent (€/month) for the
specific house, the (In)decrease of the monthly rent (€/month) because of the applied passive or active
measures. At this point the system displays the sum of this two values and the result will appear as total
monthly costs tenant (€/month). Once that the user inserts the amount of money for Subsidies/house (€),
Maintenance and operating monthly costs (€/month) and the Lifespan (years) of the project (maximum 25
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years), the system will calculate the Budget from the tenant (€/tot lifespan of project), and the
participation to the financing of the project Percentage tenant on Total costs (%).

Figure 12: Part E (and last) of the House Level Menu activity diagram.

3.2.3 Neighbourhood Level Menu system design
In the Neighbourhood Level Menu the user can visualize the financial impact of an aquifer thermal energy
storage at large scale. After selecting this menu, the user needs to input the Gas annual demand per
house (m³/year) and the Number of houses (units) owned by the company, that will be involved in the
installation. The system will display the Heating demand houses (MWht/year). The cooling demand
houses (MWht/year) is part of the data to fill in together with the heating and cooling power demand per
house (kWt). These passages are shown in Figure 13.
If other buildings are involved, the heating and cooling demand and power needed for them can be
entered and lastly the system will calculate and display the Total investments for collective and individual
installations (€), i.e. gas boilers, heat pumps, piping etc., and Total operational costs for Collective and
Individual installations (€/year) i.e. electricity consumption, yearly maintenance (Figure 14).
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Figure 13: Part A of the Neighbourhood Level Menu activity diagram.
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Figure 14: Part B (and last) of the Neighbourhood Level Menu activity diagram.

In the next paragraph the data used and later implemented in the decision support tool are described.

3.3

Energy Label and insulation scenarios

In order to define the insulation scenarios, the building electricity and the gas consumptions of the chosen
archetypes of Woonbedrijf, the software Vabi Assets Energie 4.3 was selected since the company owns a
licensed version. The choice has been driven by the broad use of the software within the organisation and
the consequent easier maintenance of the decision tool kit for the next years.
The software is based on the Dutch energy label calculation which is described in the national ISSO
Publication 82.3 (Visscher, H. 2012). The expected yearly energy demand of the houses is expressed in
kWh electricity, m³ gas and GJ as stated in the Dutch building regulations issued from January 2010.
The energy label is determined by the Energy Index, which is calculated taking into account the total
primary energy demand (Qtotal) of the building. Q
sums up the primary energy consumed for heating,
total

hot water, pumps/ventilators and lighting, subtracting for the energy gains from the photovoltaic panels
and micro cogeneration systems (see Equation 1).
𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄 = 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 + 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 + 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄. 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 + 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄ℎ𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 − 𝑄𝑄𝑄𝑄𝑄𝑄 − 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄.
(Equation 1)
The range of the Energy labels, from most efficient to worst (A++ to G ) is indicated in (Table 7).
ENERGY INDEX
A++
< 0.50

A+
0.51- 0.70

A
0.71-1.05

B
1.06-1.30

C
1.31-1.60

D
1.61-2.00

E
2.01-2.40

F
2.41-2.90

G
> 2.9

Table 7: Dutch energy label vs Energy Index values.
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The energy index is directly related to the total energy consumption, the floor area of the dwelling and
the corresponding heat transmission areas. Constant insulation properties and efficiency of the heating,
ventilation and lighting system are included. A shape correction is applied also when considering
infiltration losses when calculating the space heating demand.
The energy index is calculated with the following equation (Equation 2):
𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄

𝐸𝐸𝐸𝐸 = 155 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 +106∗𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴+9560 (Equation 2)
Where:

Qtotal was previously determined, Afloor (m²) is the surface of the ground floor and Aloss (m²) is
the sum of all the surfaces in contact with the external environment (roof, ground floor, façade,
windows and doors). See Figure 15.

Figure 15: Overview Surfaces considered for the calculations of the energy index.

3.4

Building theoretical energy load versus the energy bill

In the Netherlands the average energy consumption of an house is 1341 m³/year natural gas and 3495
kWh/year electricity (ECN,2014). The energy demand of the archetypes in complex 220 and 503
mentioned in paragraph 1.4 is very similar in terms of gas consumption, but 750 to 1300 kWh/year lower
in electricity demand. With the intent of validating the applicability of the mentioned EPC software to
evaluate the energy load of the houses, a comparison between the energy bills for 2012 and the
theoretical energy consumption was made. To get an insight in how the energy label relates to the energy
consumption in Woonbedrijf selected complexes, gas and electricity consumption of the dwellings were
standardized m². The actual label categories (from D to G) were examined and the plots presented with
+/- 1 standard deviation.

3.4.1 Actual and theoretical gas consumption
Figure 16 shows the evolution of the theoretical actual gas consumption (light blue) versus the theoretical
EPC calculation. From these figures it is clear that, even though the increase of actual gas consumption
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relates to the increase in label, there is a clear difference between the mean theoretical and mean actual
gas consumption of each label. While for lable D they are very close, as soon as we move to lable G, a
considerable overestimation can be noticed.

Figure 16 : Actual gas consumption versus EPC calculation for complex 220 and 503.

3.4.2 Actual and theoretical electricity consumption
In Figure 17 we can see that both the actual and the theoretical electricity consumption are not much
dependent on the label. Can be observed a slightly higher consumption in E labelled houses. This
phenomenon might be attributable to the electricity that is used for space and water heating in certain
households.

Figure 17: Actual electricity consumption versus EPC calculation for complex 220 and 503.

A qualitative analysis was performed with the purpose of checking wheather those trends can be
accepted. They were compared to a previous investivation conducted at the Delft University of
Technology (Henk Visscher,2012) and the 80% of the examined buildings are owned by social housing
corporations. It contained 198228 houses belonging to different archetypes (62% terraced houses), and
with energy labels from A to G, while the complexes 220 and 503 consist of 437 houses. Moreover the
data source for energy consumption of the houses are different (cbs.nl for the first and the local energy
company), together with the house geometry, location, construction and energy conversion system. From
Table 8 we can conclude that the trends in absolute value are similar and since the theoretical
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Actual BILL-EPC Calculations

Actual BILL-EPC Calculations

GAS demand_Visscher study

Gas demand_Woonbedrijf sample

D

-15%

13%

E

-27%

-17%

F

-38%

-31%

-51%

-38%

Energy Label

G

Table 8: Comparison of gas consumption trends per energy label.

gas consumption difference becomes smaller if the house has an higher energy label, the output
calculations from the EPC software will be used for the heating load in the system.
A good coherency is found even in the difference between the electricity consumption of the building (in
theory) and the sample Woonbedrijf buildings (Table 9).
Actual BILL-EPC Calculations

Actual BILL-EPC Calculations

Electricity demand_Visscher study

Electricity demand_Woonbedrijf sample

D

65%

79%

E

68%

76%

F

67%

80%

G

60%

86%

Energy Label

Table 9: Comparison of electricity consumption trends per energy label.

In order to tackle the big dissimilarity between the electricity consumption and the theoretical one, the
output of the EPC software will be inserted in the system as a fraction of the total electricity consumption.

3.5

Insulation scenarios chosen for the Menus

As mentioned in 1.5 eight different insulation scenarios have been selected and here below the
description:
Scenario 1 (Reasonable): the air cavity in the external wall has been filled with 50 mm cellulose
insulation, the cavity between the ground floor girders has been filled with 90 mm wood fibre insulation
and the cavity between the roof girders has been filled with 100 mm wood fibre. The doors have been
replaced to insulated doors, the windows with single glass are replaced with high performance double
glass and the double glass windows stay the same. The ventilation system has been changed from natural
to mechanical and for all the houses a high efficiency gas boiler has been set. Regarding the last item, it is
a new option for 32 houses in complex 503 which are equipped with oil burner and 3 with normal gas
boiler.
Scenario 2 (Good): consists of an add-on to the insulated building envelope with Scenario 1. On the
facades, 70 mm wood fibre insulation has been added, underneath the ground floor girders additional 40
mm wood fibre insulation has been added and to the existing underlayment on the roof has been added
50 mm wood fibre insulation board. The doors are the same as the Scenario 1 and all the windows are
now replaced to high performance double glass. Heat recover ventilation system and the same high
efficiency gas boilers have been set.
Scenario 3 (Excellent): consists of an add-on to the insulated building envelope with Scenario 2. On the
facades, 170 mm wood fibre insulation has been added; the space between the girders is filled with two
layers of 160 mm wood fibre insulation each. To the roof basic stratification now has been added 300 mm
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wood fibre insulation board. The doors, windows, ventilation and heating system are the same as the
Scenario 2.
Scenario 4 (Excellent+ Triple): consists of the same options of the Scenario 3, with the difference that all
the windows have been replaced with triple glazing ones.
Table 10 indicates a detailed overview of the thermal performances of the archetypes once the scenarios
are applied.
Scenario 1 (Reasonable)
Floor

Roof

Façade

Door

Glazing

Thickness (mm)

90

100

50 gap

insulated

Rc (m²K/W)

2.4

2.6

single glass to
HR++
U= 1.8

Floor

Roof

Facade

Door

Glazing

Thickness (mm)

0

100

50 gap

insulated

Rc (m²K/W)

0.15

2.6

single glass to
HR++
U= 1.8

Floor

Roof

Facade

Door

Glazing

Thickness (mm)

140

150

50 gap + 70 inside

insulated

Rc (m²K/W)

3.65

3.97

all glasses to
HR++
U= 1.8

Floor

Roof

Facade

Door

Glazing

Thickness (mm)

0

150

50 gap + 70 inside

insulated

Rc (m²K/W)

0.15

3.97

all glasses to
HR++
U= 1.8

Floor

Roof

Thickness (mm)

160 + 160

160 + 140

Rc (m²K/W)

8.72

7.94

Floor

Roof

Thickness (mm)

0

160 + 140

Rc (m²K/W)

0.15

7.94

Floor

Roof

Thickness (mm)

160 + 160

160 + 140

Rc (m²K/W)

8.72

7.94

Floor

Roof

1.6
U= 0.33
Scenario 1 (Reasonable NO Floor)

1.6
U= 0.33
Scenario 2 (Good)

1.6 + 2.11
U= 0.33
Scenario 2 (Good No Floor)

1.6 + 2.11
U= 0.33
Scenario 3 ( Excellent)
Facade

Door

50 gap + 140 +
insulated
100 inside
8.32
U= 0.33
Scenario 3 ( Excellent No Floor)
Facade

Door

50 gap + 140 +100
insulated
inside
8.32
U= 0.33
Scenario 4 ( Excellent + Triple)
Facade

Door

Glazing
all glasses to
HR++
U= 1.8
Glazing
all glasses to
HR++
U= 1.8
Glazing

50 gap + 140 +100
insulated
all glasses to
inside
triple glazing
8.32
U= 0.33
U= 1.4
Scenario 4 ( Excellent + Triple No Floor)
Facade

Door

Glazing

Ventilation
system
Mechanical

Heating
System
HR 107

Ventilation
system
Mechanical

Heating
System
HR 107

Ventilation
system
Heat
recovery

Heating
System
HR 107

Ventilation
system
Heat
recovery

Heating
System
HR 107

Ventilation
system
Heat
recovery

Heating
System
HR 107

Ventilation
system
Heat
recovery

Heating
System
HR 107

Ventilation
system
Heat
recovery

Heating
System
HR 107

Ventilation
system

Heating
System
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Thickness (mm)

0

160 + 140

Rc (m²K/W)

0.15

7.94

50 gap + 140 +100
inside
8.32

insulated
U= 0.33

all glasses to
triple glazing
U= 1.4

Heat
recovery

HR 107

Table 10: Insulation, ventilation and heating system scenarios set in the simulation software.

3.6

Ventilation systems

In this system, it is possible to adopt two different options for ventilation types: heat recovery ventilation
or exhaust mechanical ventilation units. The first type takes the heat from the extracted air and return
this heat to the fresh air as it is introduced back into the dwelling, without transferring any of the
pollutants that the extracted air may contain. The amount of additional heat required, is therefore
significantly reduced. These ventilation units as used to improve the air quality of the dwellings which
were originally designed for natural ventilation and in the renovation process they are made highly air
tight. To achieve passivhaus standards, the walls, roof and floor, the components that make up the
thermal envelope, need to reach U-values of 0.15W/m²K or better, that result in a required Rc value
equal or better than 6.6 (E. Kamendere,2014). This is the reason why in the House Level Menu, a condition
is introduced: if the insulation scenarios Excellent or Excellent+Triple 4 are chosen, only a heat recovery
system can be coupled. For scenarios Reasonable and Good, an exhaust mechanical ventilation system is
suggested because of the lower investment costs involved.

3.7

Assumptions and limitations of the software

Vabi assets Energie 4.3 is a calculation software that contains many assumptions.
The attic is also included if it is heated and the roof insulated. The cellar and garage or other big storage
areas are not included since they are normally outside of the thermal envelope. The ventilation is
calculated using a ventilation coefficient which depends on the ventilation type. The infiltration losses are
assumed and dependent on the type of house (ISSO 82.3).
Further assumptions of the software:
-

Further electrical consumptions are caused by auxiliary power for heating and domestic hot water
Ventilation;
Lighting is a default value of 6 W/m²;
Average outdoor temperature;
Behaviour of the inhabitants is not computed;
Appliances consumption is not covered;
In the insulation scenarios does not make difference if internal or external insulation is put.

The renovation passive measures will be an input to the menus, and they represent a starting point to
evaluate the effect of the active measures selected.

3.8

Active measures chosen for the Menus

Before describing the renewable energy low resolution models, the assumptions and limitations of the
decision support tool are listed below:

-

high efficiency condensing boiler has been set as a default heating system for domestic hot water
and room heating, because the system is present in almost all the houses of the sample
considered in this study;
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-

the deployment of a system based on low temperature radiators with inlet temperature of 45 °C
and return of 35 °C have been supposed. This choice was made because the installation of these
devices does not involve an invasive renovation; the floors do not need to be disassembled, it can
be coupled with a condensing boiler or an heat pump, the response time to the user it is quicker
that underfloor heating and it is less expensive, but less efficient;

-

the occupancy is generic, since it is supposed that the tenants are always home. A domestic daily
of weekly consumption profile is recommended;

-

the weather conditions may differ from year to year, so the performances of all renewable
energy sources will be affected;

-

the technology degradation in time has not been taken into account. For example the
photovoltaic panels show a mean degradation rate of 0.8% per year (Nrel.gov, 2012);

-

the outputs are yearly values . A more accurate calculation can be done at a monthly base or
daily base for all the technologies involved;

-

the orientation of the building and the tilt angle of the roof are fixed;

-

in the ground source heat pump, the electricity needed from to the pump responsible of the
circulating fluid in the boreholes is not included in the calculation of the electricity consumption.

3.8.1 Photovoltaic panels model
After researching about the different types of photovoltaic panels, monocrystalline solar panel type has
been selected. The output of this technology depends on the orientation of the building, the slope of the
roof, the shadow presence and the assumed system losses, the average electricity.

3.8.1.1

Location

As far as the location of Eindhoven and some environmental parameters are concerned, below in Figure
18, we can observe the global radiation data per month in kWh/m2, taking into account that in summer
months both the diffuse and global radiation are really high, while in the other months the irradiation of
the sun is really low, because of the heavy prevailing clouds of the Dutch skies. The meteorological data
from Meteonorm database were used (Meteonorm). The same data will be the base of the other
calculations for the selected renewable energy sources.

Figure 18: Solar Radiation, Eindhoven Netherlands (Database: Meteonorm)
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Eindhoven NL – Lat. 51.43°N; Long. 5.5° E; Altitude: 16m ; Time zone: 1

The strategy followed, as far as the tilt of the panels is concerned, has been to standardize it. The average
slope of the terraced houses is 20 degrees. The orientation of the houses in a complex is quite variable,
so, with the purpose to have a unique average value, an azimuth of 45 degrees was considered. Below, in
Figure 19, we can observe the different performativity percentage for various tilts and orientations of the
photovoltaic systems.

Figure 19: Performance of photovoltaic systems depending on inclination and orientation .

3.8.1.2

Simplified model calculations

Total losses of 20% were taken into account: considering inverters with 90% efficiency, cable,
temperature and dirt losses (Greenrhinnoenergy).
A correction factor of 0.94 for the output exposed to south-west, and another factor equal to 0.75 to the
panels oriented on the northeast was applied. The roofs have a total surface of 43 m² distributed on two
slopes, and since the area of a panel is 1.63 m², the maximum amount compatible to the geometry of the
houses is 20 (10 panels per slope), and Equation 3 was used:
Yearly electricity conversion (kWh/year) = S * A *kWp* Zpv * Lpv (Seai.ie.) (Equation 3)
Where:
kWp = Installed peak power (0.255*number of panels)
S = Annual solar radiation (992 kWh/year);
A = surface of the panel (1.63 m²);
Zpv = Over shading factor = 1 (no shadows are considered)
Lpv = Photovoltaic system losses (20%) = 0.8

3.8.1.3

Results

The results of the calculations are shown in Table 11. The same options of photovoltaic panels will be
included in the decision support tool.
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Units photovoltaic panels

Electricity conversion (kWh/year)

5 SW

951

8 SW

1522
3116

18 (10 SW and 8 NE)
10 SW

1902
1518

10 NE
20 (10 SW and 10 NE)

3420
Table 11: Photovoltaic units output inserted in the model.

3.8.1.4

Validation

In order to validate the results of the simplified calculation, PVGis online application was used (PVGis).
The result from this simplified calculation for 10 photovoltaic panels with the same location, orientation,
roof slope, panel type and losses is equal to 1860 kWh/year (see Appendix C). The difference between the
two results is equal to almost 40 kWh/year. This can be related to different assumptions for irradiation,
photovoltaic panel efficiency and many others. Since the difference is near to 2%, this result will be
accepted and implemented in the decision support tool.

3.8.2 Solar thermal collectors
On the market different solar collector types can be found for DHW application at house level. The most
common collector types are evacuated tubular collectors (ETC) and flat plate collectors (FPC) without
vacuum.
There are three different surface areas that may be used to define the size of a thermal solar collector:
Gross, Aperture & Absorber see Figure 20. Gross Area has been used for the calculation.

Figure 20: Solar collector areas.

To illustrate how the efficiency parameters and the collector temperature affect the efficiency, the data
for one evacuated tube collector and two flat plate collectors are listed in Table 12.
Collector name

Collector type

η0 (-)

a1 (W/(K·m²))

a2 (W/(K²·m²))

A

High performing ETC

0.75

1.0

0.005

B

High performing FPC

0.80

3.0

0.008

Medium performing FPC

0.75

4.0

0.010

C

Table 12: Solar collector classification and efficiency parameters (ESTIF,2007).

Flat plate and vacuum tube solar thermal collectors for domestic hot water use have been studied and as
an option an existing flat plate collector has been chosen: gross area of 2.51 m² and 120l buffer tank for
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hot water storage. The methodology adopted to calculate the system efficiency and the power output of
the collector is described in the Solar district heating guidelines issued by the SDH (SDH,2012).

3.8.2.1

Simplified model calculations

Based on the Equation 4 below, the Collector efficiency was calculated.
(Equation 4)
Where:
η0:
Maximum efficiency if there is no heat loss* (-)
a1:
1st order heat loss coefficient [W/(K*m²)]
a2:
2nd order heat loss coefficient [W/(K²*m²)]
ηc:
Collector efficiency (%)
G:
Total (global) irradiance on the collector surface (W/m²)
T m:
Mean collector fluid temperature (K)
T a:
Temperature of the ambient air. (K)
Inlet temperature (K).
Tin :
Tout :
Outlet temperature (K).
The parameters of an existing flat plate solar collector have been used (see Table 13).
Solar Collector Efficiency parameters
Ta
283
Kelvin
Tout
333
Kelvin
Tin
273
Kelvin
Tm
323
Kelvin
η0
0.85
a1
3.872
W/m²*K
a2
0.0064
W/m²*K
K
40
Tm-Ta
W/m²
800
Tot Solar Irradiation
1600
(Tm-Ta)²
0.1936
a1(Tm-Ta)/G
0.0128
a2(Tm-Ta)²/G
0.94
Average Performance factor
ηC
64%
%
Table 13: parameters used to calculate the energy conversion from one flat plate solar collector.

The ambient temperature has been set at ten degrees Celsius, since from Meteonorm data it represents
the average yearly temperature for Eindhoven.
The medium temperature was estimated to be constant during the year and Tm = 50 C as suggested in
the report European Solar Thermal Industry Federation (ESTIF,2007). An average yearly irradiation of 800
W/m² has been assumed.
And the power output was calculated with Equation 5:
(Equation 5)
Where:
Pc: Power output from the collectors (W)
Ac: Collector area (m²)
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The selected solar collector can be categorized as High performing FPC. To estimate the annual heating
output per square meter the graph below was used and the value of 500 kWh/m² was chosen (see Figure
21).

Figure 21: Total energy output per year versus the mean temperature or the collector (ESTIF,2007).

3.8.2.2

Results

An efficiency of the system ηC equal to 64% has been calculated. The energy output would be of 1250
kWhthermal/year, and the result can be converted in 118 m³/year of natural gas and 4.5 GJ of primary
energy saved per year.

3.8.2.3

Validation

To validate the results, a simulation in Polysun (Polysun) software 7.0 has been performed. A flat plate
solar collector with very similar technical details to the one selected for this study was chosen (see
Appendix C for details). The same orientation, slope of the roof, location and similar volume of hot water
tank were inputted (weather data from Meteonorm are implemented in the software). The annual energy
conversion output from the simulation is equal to 1271 kWhthermal/year and the collector field yield
relating to gross area is 467 kWh/m²/year. This value can be accepted, since the values differ of 20
kWh/year.

3.8.3 Heat pumps
Heat pumps are machines that transfer heat between a source and a sink against the temperature
gradient (from cooler to warmer). This transfer is achieved by exploiting the state change of a refrigerant
fluid to absorb energy (in the evaporation phase) and release it (in the condensation phase). The cycle is
guaranteed by the use of a compressor and an expansion valve that create, together with heat
exchangers, a high and low pressure loop.
Their principle of operation allows them to transfer more energy in the form of heat than their electrical
demand, which yields to a performance factor (COP) larger than 1 (typically 3 to 4). This factor represents
the highest efficiency over the year. For this reason the Seasonal Performance Factor (SPF), a ratio of the
heat delivered and the total energy supplied over the seasons, it is used to estimate the performances of
the heat pumps during the year. For this report, air source heat pumps and ground source heat pump
have been selected; their deployment is meant to cover the room heating and or the domestic hot water
demand at house level.
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3.8.3.1

Air source heat pump

Air to water heat pump systems has been analysed. As mentioned in paragraph 3.7 a low temperature
radiator system 45/35 has been used to distribute the needed room heating.

3.8.3.2

Simplified model calculations

Wwp = Qwp/(3.6 *SPF)

(Equation 6)

Where:
Wwp = electricity consumption per year (kWh/year)
Qwp = thermal energy consumption per year (MJ/year)
SPF = Seasonal performance factor heat pump
3.6 = conversion factor from kWh to MJ.
To calculate the Seasonal Performance Factor the calculations were based on the (NEN 7120 (Dutch
standard for calculations of the energy performances in the buildings). The value of SPF=3.30 (Publication
ISSO 98) was selected as a performance factor of an air source heat pump meant to provide 45 degrees
Celsius to the low temperatures radiators. The thermal energy consumption is equal to the room heating
gas consumption of the dwelling inputted in the model. If the air source heat pump needs to provide even
domestic hot water, the SPF = 1.4 (Publication ISSO 98) is applied to calculate the electric yearly output.

Figure 22: SPF estimation table in ISSO 89 publication for air source heat pump.

3.8.3.3

Results

The electricity needed on annual base to cover both room heating and domestic hot water can be
calculated. For an example if we have an insulated house of 70 m² (total usable surface), with a demand
of 509 m³ gas for room heating (equal to 5400 kWh thermal and 17917 MJ), and 355 m³ of domestic hot
water, the final electricity consumption of the heat pump (mainly of the compressor) will be 3985 kWh
per year.
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3.8.3.4

Validation

To validate the results, a simulation in Polysun software 7.0 was performed. Eindhoven was chosen as
location (from Meteonorm data), the identical total surface area and energy demand for room heating
was put in the model. For heat distribution low temperature radiators were chosen, (45°C /35°C), and a
120 litres tank for domestic hot water at a temperature of 60°C. The total electricity consumption of the
system is 3902 kWh per year, very close value compared to the one of the simplified model (see Appendix
C). Therefore the simplified calculation can be accepted.

3.8.3.5

Ground source heat pump

The energy stored under the surface of the earth can be efficiently used to heat and cool family houses
and larger buildings through the use of Ground Source Heat Pumps (GSHP).
When Borehole Heat Exchanger (BHE) systems are used for heating purposes, the collected heat from the
ground is normally delivered to the evaporator of a heat pump consisting of five key parts. The excavation
of one or more boreholes can be up to some 100 meters deep.

3.8.3.6

Simplified model calculations

The suggested COP for ground source heat pumps in the Dutch ISSO publication 82.3, for heat pumps
that provide the distributed heating system of the house with water at a temperature inferior to 55 °C, is
equal to 4.1.The coefficient of performance for low temperature heating (< 35 °C) suggested is 5. For the
simplified model a COP = 4.0 have been chosen. The Generation efficiency for domestic hot water SPF is
assumed to be 2.2(TNO,2012) and both in the Dutch standards and in the simulation software used to
validate the results, the electricity of the borehole pump is not taken into account.
The same equation used in paragraph 3.8.3.1 was elected, and the mentioned values inserted.

3.8.3.7

Results

The electricity consumption for the selected heat pump type was calculated for the same geometry,
location, distributed heating system, and the same room heating and domestic hot water demand. The
result is 2,436 kWh/ year.

3.8.3.8

Validation

The same house situation was recreated in Polysun 7.0. To cover the house heating demand, a 5 to 10 kW
ground source heat pump was set; two boreholes of 75 meters loop length in humid sand were selected.
The total electricity needed to feed the heat pump for one year is 2209 kWh/year. This quantity is very
similar to the simplified model result.

3.8.4 Electricity storage: grid connected photovoltaic panels and lead acid
batteries system
The grid connected photovoltaic-battery systems are composed by photovoltaic panels array (A), inverter
(B), the electricity converted can be instantaneously used by the appliances of the house (C), or through a
battery charger/discharger (D), be stored in a battery bank (E). The behaviour of the installation can be
monitored from distance (F) and the electricity grid (G) can exchange the energy with the house system
both in case of lack and excess of solar energy conversion (see Figure 23).
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Figure 23: Schematic of the components that are present in the grid feed system.

The purpose of this section it to give an rough estimate of the required number and capacity of batteries
to store the electricity provided by the photovoltaic panels on the roofs of the houses.
During day time the solar energy is converted in electricity from the photovoltaic panels and the excess
energy can be stored in batteries.
The most common and trustworthy lead-acid battery technologies used in PV systems are vented
(flooded) lead-acid batteries and valve regulated lead-acid (VRLA) batteries. The most relevant to
photovoltaic systems are the vented and VRLA deep-cycle batteries.

3.8.4.1

Simplified model calculations

The methodology used for the calculation is described below (Majid Shahatha Salim,2013).
The first step taken was the load estimation by converting the annual electricity demand in Watt-hours.
Once the annual load is known, the wire efficiency, the battery efficiency was estimated and was assumed
that the whole system is connected the grid of 230 Volts (Dutch national electricity grid). The corrected
load demand in amp-hour can be found using the Equation 8 and Equation 9.
(Equation 8)

(Equation 9)

Where:
Ed (Ah) = load demand in amp-hour
E (Ah) = corrected load demand in amp-hour
η = power conversion efficiency
ηw = Wire efficiency= 98%
ηb = Battery efficiency= 77% (includes battery efficiency is 90%,battery Charger/Discharger 90% and
inverter 95%)
Vs = nominal system voltage =230V
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With the second step the Battery Capacity (Brc) for actual the expected load scenario was computed using
the Equation 10 and then, the number of batteries in series (Bs) (Equation 11), in parallel (Bp) (Equation
12) and total number (BT) (Equation 13) could be estimated.
Battery capacity is given by:

(Equation 10)
Where:
Ds =battery autonomy or storage days. This can be chosen by the user to determine the needed amount of
the chosen type of lead acid batteries.
(DOD)max = maximum battery depth of discharge = 0.65 for avoidance of sulphitation accumulation (IEEE
Std 1361™-2014).
ηt= temperature correction factor = 0.90

( Equation 11)
Where:
Bsc = capacity of selected battery (Ah);
Bp = batteries in parallel are calculated (Ah)

(Equation 12)

(Equation 13)

3.8.4.2

Results

If, for example, an annual electricity demand of 3000 kWh/year is assumed, 5 days of storage, and a
battery of 500 Ah capacity with a voltage of 24 V is inputted, a total amount of 10 batteries is computed
by the simplified model (see Table 14).
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Estimation for grid connected photovoltaic panels and lead acid batteries system
Ini ti a l El ectri ci ty dema nd

3000

kWh/yea r

Loa d
Ed

8219,18

Wh

Ed (Ah)

44,67

Ah

Ed

59,20

Ah

Da ys of s tora ge
Ds

5

n. da ys

Gri d vol ta ge
Vs

230

V

Ba ttery properti es
(DOD) max

66%

%

ηw

98%

%

ηb

77%

%

ηt

90%

%

η

0,80

Power convers i on fa ctor

24

V

Vb

Ba tteri es qua nti ty
Brc

498,28

Ah

Bs c

500

Ah

Bp

1,00

uni t

Bs c

9,58

uni t

Btotal

10,00

unit

Table 14: Estimation of number of batteries needed.

3.8.4.3

Validation

This model was validated by interviewing experienced advisors in the field of electricity storage in the
company called BAE Solar Batteries.

3.8.5 Aquifer Thermal Energy Storage (ATES)
The subsoil has an high heat capacity and also reasonably good thermal insulation properties, so it can be
used as temporary heat and cold storage for a long period, one season for example. A wide range of
opportunities to save energy and apply other renewable energies, such as storage of solar heat in the
summer for use in the winter for space heating is created. There are two main categories of UTES
systems:
-

Aquifer Systems (ATES). Collective technique used for cooling and heating districts, greenhouses
or the industries. The ATES are open loop systems in which the thermal energy is extracted and
stored in water-containing underground layers, so called aquifers.

-

Borehole Systems (BTES). Closed loop pipework grouted into boreholes. The BTES work as an
underground heat exchanger 30 – 200 m deep and provide the ground source heat pumps (GSHP)
with a constant temperature input similar to the soil temperature (11-12°C for the Netherlands).
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In the Netherlands, the total number of aquifer thermal energy storage (ATES) systems has been growing
exponentially during the last two decades, with a total of 2000 systems by the end of 2012 (N. Hartog
2013).

3.8.5.1

Main components

ATES systems require a suitable aquifer, into which at least two thermal wells are installed. In order to be
suitable, a low ground water flow and sufficient soil permeability is required.
The main components are:
- warm and cold wells pumps in the wells;
- distribution system;
- reverse cycle chiller-heat pump;
- gas boilers;
- pipework;
- control devices for pressure, temperature, water quality etc.
The systems consist of three main parts:
- the power station (where the heat or the cold is extracted)
- the distribution network
- the delivery side (where the thermal power is supplied to the buildings.

3.8.5.2

Working principle

During the warm season the circulating fluid is extracted from the cold well at a temperature of 5 to 10°C
and delivered to the cooling system of building at a temperature of about 9°C. In the meanwhile the heat
is supplied to the warm well at a temperature of approximately 20-25°C so that it can be charged and the
heat stored until the cold season. If the cooling provided is not enough, or a malfunctioning of the system
occurs, a chiller is activated to provide the required amount of thermal energy.
During the cold season the heat is took out from the warm well at about 18°C, then the circulating mean
is heated up from the reverse cycle chiller up to 40-45°C and then delivered to the building for space
heating purposes. If domestic hot water at a temperature of 60°C is needed, an auxiliary gas boiler needs
to be activated.

Figure 24 ATES working principle in summer and winter time.
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Different types of ATES and development in North Brabant area

3.8.5.3

Within the ATES systems there are 4 different types of storage. They are summarized in Table 15.
Aim

Type of Storage

Cooling
Cooling and heating
Heating

Cold storage
Cold storage and low temperature
heat storage
Low temperature heat storage

Temperature level

Heating

High temperature heat storage

≤ 12 °C
≤ 12 °C
12-20 °C
20-50 °C
>50°C

Table 15 : Different types of Aquifer Thermal Energy Storage Systems.

Power
Flow rate
Storage capacity

Double well System

Single well system

Recirculation system

35 - 1750 kW

35 - 350 kW/well

20 - 1200 kW/doublet

5- 250 m³/hour/ doublet

5-50 m³/hour/well

5-250 m³/hour/ doublet

2100 MWh

350 MWh

1400 MWh

10 - 300 meters

10 - 150 meters

10 – 300 meters

average system
Typical depth

Table 16: ATES systems characteristics (data from IFtechnology: Bakema & Koenders,2007).

From Figure 25 we can see that in the region of North-Brabant in which Eindhoven is located, a big
number of ATES Open loop systems have been built mostly for utility buildings and housing.

Figure 25: Number of Open loop systems installed until 2013 in the Netherlands (CBS,2013).

3.8.5.4

Temperature balance and water treatment

In larger systems, this thermal imbalance results in a progressive cooling down of the underground and a
decreasing efficiency of the heat pumps. Even though most current ATES systems in the Netherlands have
relatively narrow temperature ranges (ΔT<10°C), if the thermal balance is not well managed, the whole
system risks to fail causing environmental and economic disadvantages. In order to prevent this, a precise
design construction and monitoring phase have to be scheduled. If, for example the heating demand is
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larger compared to the cooling demand, a cooling tower or a dry cooler can be placed, with the effect of
a better thermal balance, but on the other hand high operating costs.
Mostly for high temperature heat storage, the groundwater treatment seems to be of particular concern
because the operational performance and the quality of the water can be affected (Iftechnology,2000).
In order to prevent malfunctioning of the ATES, a balancing installation has to be included in the system.

3.8.5.5

Simplified model calculations

In the Netherlands there are standards about the technical requirements for ATES systems and are
described in the Publication ISSO 39 (even though it is focused on non-residential buildings like hotels or
hospitals). Publication ISSO 81 gives standards for heat pumps in utility buildings.
It has been developed a calculation model for a generic neighbourhood with both residential and
different types of building in collaboration with an expert of the company IF technology, based in Arnhem,
the Netherlands.
In the model blue coloured items can be adjusted for each specific location, the red coloured ones are
assumed values used in nowadays projects of ATES open systems.
In the Figure 26 it is possible to see the share of energy delivered through the system as function of the
base load power share (beta-factor) provided to the buildings. For this project 25% of beta factor for
heating has been chosen and 50% beta factor for cooling demand. This results in a 85% heating demand
coverage and 95% of cooling demand for the neighbourhood.

Figure 26: ISSO publication (Dutch Standard) for ATES systems. The graph is indicating the share of energy delivered through
the system as function of the base load power share (beta-factor)provided to the buildings.

3.8.5.6

Results

The variable input parameters have been divided in two groups, houses and other users, namely other
type of buildings. The number of houses has been chosen coherently with the studied complexes, the
heating demand of 9 MWh thermal per house, comes from the average value found from the four
scenarios simulated in VABI Assets. No cooling demand has been set for the houses and 500 MWh
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thermal both heating and cooling for the surrounding buildings like offices, schools, industrial,
supermarkets and others (Dommelen.2011).
Starting points
Houses

Other users

Number of houses

200

Heating demand per house

MWht

9

Cooling demand houses

MWht

0

Heating power houses

kWt

18,0

Cooling power houses

kWt

0

Heating demand other buildings

MWht

500

Cooling demand other buildings

MWht

1000

Heating power other buildings

kWt

500

Cooling power other buildings

kWt

1000

Table 17: Starting values for heating and cooling systems of houses and other buildings in the areas.

Other assumptions, not editable (in red), have been made and structured in the following sections: Energy
efficiency, Investments, Energy prices and Maintenance of the system. The efficiency of the gas boilers,
for the heat pumps the COP and SPF are the same during the year. The average considered is COP equal
to 4 throughout all the year. The cooling demand has been set as 1000 MWh. As a reference an average
supermarket in the Netherlands has 200 to 330 MWh/year cooling demand (Dommelen.2011).
Assumptions
Energy efficiency

Investments

Energy price

Efficiency gas boiler

%

85

Energy value natural gas

kWhth/m³

8,8

COP HP (yearly average)

4

SPF HP (heating)

4

SPF ATES

40

SPF balancing installation

25

Collective heat pump/chiller

€/ kWth

225

Individual chiller

€ per chiller

2000

Collective gas boiler

€/kWth

100

Individual gas boiler

€ per gas boiler

3000

ATES

€/kWth

600

Balancing installation

€/kWth

125

Distribution including delivery set

€/house

8500

Collective electricity price

€/kWhel

0,11

Individual electricity price

€/kWhel

0,19

Collective gas price

€/m³

0,48

Individual gas price

€/m³

0,76

Maintenance

Maintenance collective system per year
%
2
(percentage of investments)
Maintenance individual system per year
%
4
(percentage of investments)
Duration of full
Delivery by balancing installation. Hypothesis:
hours/year
1500
load
1500 full load hours/year
Table 18: Assumed parameters in relation to the Energy efficiency, Investments, Energy prices and Maintenance of the system.
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Concerning the energy prices they have been chosen according to the prices set in the section ‘’energy
parameters’’ of the decision support toolkit. The maintenance costs represent a percentage of the total
investment costs.
In the : Calculation model related to Collective and Individual Installations. It takes into account the total
demand, power and energy required the distribution lossesTable 19 and Table 20 are summarized the
calculations. They have been divided in Collective and individual installations taking into account the
total demand, power and energy required the distribution losses.

All customers

Yearly energy demand

Energy power
station: Energy

Individual installation

ATES/HP

ATES/HP

Heating

Cooling

Individual Gas
boiler
Heating

2300

1000

kWt

4100

1000

Yearly energy losses
(H17%, C3%)
Power losses (H3%, C1%)

MWht

391

kWt

Yearly energy demand

Individual
chiller
Cooling

2300

1000

30

0

0

123

10

0

0

MWht

2691

1030

2300

1000

Beta-factor

%

25

50

0

0

Energy delivery base load

%

85

95

0

0

Delivery by heat
pump/chiller
Delivery by gas boilers

MWht/year

1955

52

0

1000

MWht/year

736

Delivery by ATES

MWht/year

1466

978,5

0

0

Delivery by balancing
installation

MWht/year

0

488

0

0

Electricity consumption

MWhe/Year

525

61

0

333

m3/year

98.396

Thermal power

kWt

4223

1010

Delivery by heat
pump/chiller
Delivery by gas boilers

kWt

1056

505

kWt

3167

-

Delivery by ATES

kWt

792

505

Gas Consumption

Energy power
station: Power

Collective
installation

MWht

Thermal power

Distribution
losses

Collective
installation

2300

307.487

Delivery by balancing
kWt
0
325
installation (based on
1.500 full load hour a year)
Table 19: Calculation model related to Collective and Individual Installations. It takes into account the total demand, power
and energy required the distribution losses.
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Investment costs
The financial part of the model has been divided in three sections: Investment, Operational and energy
costs, Total results:
Collective
installations
(heating +
cooling)
Investments

Operational and
energy cost

Collective heat pump/chiller

€

Individual chiller

€

Collective gas boiler

€

Individual gas boiler

€

ATES

€

475.088

Balancing

€

40.646

Distribution system including delivery set

€

1.700.000

Total investments

€

2.770.002

875.000

Electricity

€

64.520

63.333

Gas

€

47.230

236.765

55.400

35.000

Maintenance cost per year

Total results

Individual
installation
(gas boiler +
chillers)

237.544
225.000
316.725
650.000

Total operational cost

€

167.150

335.098

Total investments

€

2.770.002

875.000

Total operational cost

€

167.150

335.098

Simple payback time

years

11,3

Table 20: Investment and operational costs for the selected system.

It is possible to re-build the model using the formulas in Appendix D.

4.

Design implementation

In this section the design implementation will be discussed. The first part mentions the assumptions and
the data behind the decision support model that has been implemented in Microsoft Excel.

4.1

Assumptions and background data: electricity and gas

For electricity and gas prices, the current rates set by Endinet NV, the Dutch energy distribution company,
have been used (see Table 21) to evaluate the financial savings because of the active and passive
measures applied. Whereas in Table 22 the energy conversion factors and the assumed kilograms of
carbon dioxide produced per unit of electricity and natural gas. The assumed calorific power of natural
gas is 35.17 MJ/ m³ and the energy content of 1kWh electricity is 3.6 MJ. The efficiency of the electricity
network is considered to be 0.39.
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Fuel

Price per unit

Natural gas (m³)

€

0.77

Electricity (kWh)
€
0.19
Table 21: Electricity and Gas prices for Woonbedrijf houses.

Carbon dioxide emissions depend on the fuel used. For 1MJ of energy coming from gas, 0.0506kg CO2 is
emitted into environment and for 1MJ of electricity, 0.0613kg CO2 (Visscher,2012). The resulting values
can be seen in the table below.
Conversion factors

m³ or kWh

kWh

MJ

KgCO2e / unit

Natural gas

1 m³

10.6

35.17

1.78

Electricity

1 kWh
3.60
Table 22: Conversion units for Natural gas and Electricity.

0.22

4.1.1 Energy forecast:
In order to forecast the cost increase of both gas and electricity, the average of the existing prices from
2002 until 2014 has been taken from the national Dutch database Senternovem Database (Rvo.nl, 2014).

Figure 27: Natural gas and electricity price fluctuation from 2002 to 2014 in the Netherlands.

The assumption of linear growth per year for the gas price and for electricity price, respectively 5.07% and
3.58%, is therefore used in the model. In Figure 27, the price fluctuations are shown. These assumptions
were used in the financial calculations of the decision support tool.

4.2

Assumptions and background data: financial model

The inputs of the Step 8 are connected to the financial model in which takes into account the following
assumptions and factors:
-

The lifespan of the renovation project is from 1 to 25 years coherently with the company
extraordinary maintenance projects ;

-

As mentioned before, the increase of energy costs per year is set as a constant growth of 5% for
the gas and 3.6% for electricity prices;

-

The increase of the revenues from the rent is 2% per year (coherent to the annual inflation in the
Netherlands);
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-

The user needs to fill in the monthly maintenance and operating costs per house. Those values
are increase in the model of 3% per year as suggested by the financial department of
Woonbedrijf;

-

The prices of the sustainable active and passive measures can be extremely variable. They can
depend on the supplier, on the project dimensions, on the market and many other variables.
With the goal to give a rough estimation of them, well acknowledged national archives
(bouwkosten.nl,2014) and reports (Energievastgoed.nl,2013) have been chosen for insulation
materials per square meter and selected technologies per unit. The prices for ventilation systems
(ventilatiesysteemabcd.nl,2014) and energy savings installations (milieucentraal,2014) are taken
from sources suggested by installation advisors. The missing prices have been taken from existing
renovation projects within Woonbedrijf. The Table 23 summarizes the mentioned prices. It has
been linked to the House Level Menu: the insulation materials costs are multiplied for the house
surfaces inputted by the user in Step 0 and the renewable energy technologies, once picked are
summed up in the Total investment costs that the user can find in Step 8.

-

The interest rate of return (IRR) on the measures chosen is set equal to 3, since in the next future
this value will be used by Woonbedrijf for investments related to sustainable products. The
financial IRR excel function was applied;

The only income for social housing corporations is the rent of the tenants, from which the
companies provide technical, social services and assistance. The maximum amount for monthly rent is
699,48 € (Aedes,2014); if this value is exceeded, the houses do not belong to the status of social renting
buildings (sociale huurwoning). It is important to keep in mind that the energy bill costs are decoupled
from the rent. Some of the most important consequences of renovation projects are the increase of
thermal comfort of the tenants and the decrease of energy bill. In the financial model is stated the
projection of the total energy savings per month of the examined house. This amount can coincide, or be
inferior to the inputted rental increase from the user. The decision support tool will calculate based on
the up mentioned rate or return, increase of costs, revenues and lifespan of the project, the extra amount
that will be received by Woonbedrijf because of the rental increase. This amount will be a percentage of
the total investment that could be done by the company during a specific renovation project. So,
depending on the goals of Woonbedrijf and its wished percentage of participation on the total
investment, the user can select different options in the other steps of the House Level Menu. A rental
increase of a given amount might be seen as inconvenient from the tenant point of view, but if the total
costs are taken into account in this calculation (energy bill plus rent), he or she might pay a lower increase
of rent compared to the monthly energy savings. From the company perspective, the investments for
sustainable renovation for a house or group of houses can be significantly affected by the national limits
of social rent.
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Insulation building components
Fa ça de (a i r ca vi ty)_Ins ul a ti on (mm)

Rc (m²K/W)

Cos t (€/m²)

60

1.6

€

Door

U (W/m²*K)

Ins ul a ted door

0.33

Cos t per pi ece (€)
€

431,00

Ventilation types

8,96

80

2.25

€

8,83

100

2.85

€

10,30

Mecha ni ca l venti l a ti on

n. pi eces
1,0

€

Cos t per pi ece (€)
2.000,00

105

3

€

10,75

Hea t recovery venti l a ti on

1,0

€

3.500,00

120

3.4

€

12,00

125

3.55

€

12,45

140

4

€

13,70

Fa ça de_i ns ul a ti on (mm)

Rc (m²K/W)

100

3.4

€

65

3

€

Fa ça de_i ns ul a ti on (mm)

Rc (m²K/W)

Energy saving measures
n. pi eces

Cos t per pi ece (€)

Shower-tra y (Douche WTW)

1

€

800,00

Sta nd-by ki l l er

1

€

18,00

23,00

Sma rt meter a nd a pp

1

€

70,00

55,00

Sea l ed pl a te hobs (4 zones )

1

Cos t (€/m²)

115

Renewable energy sources

50

1,7

€

15,90

60

2,0

€

17,10

Photovol ta i c pa nel s ( 0.255 Wp per pi ece )

n. pi eces
5

€

3.327,50

70

2,4

€

18,10

8

€

5.033,60

Roof i ns ul a ti on (mm)

Rc (m²K/W)

10

€

5.747,50

30

1.5

€

19,90

15

€

7.623,00

40

2

€

22,45

18

€

8.100,00
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2.5

€

24,40

20

€

70

3

€

26,55

80

3.5

€

29,65

Ai r Source Hea t Pump 5 kW (ASHP)

€

1,00

9500,0

90

4

€

32,65

Ground Source Hea t Pump 5 kW (GSHP)

€

1,00

13500

100

0,8

€

35,65

Cos t (€/m²)

Gl a zi ng

U (W/m²*K)

Doubl e

1.6

€

Cos t (€/m²)
135,00

Tri pl e

1.3

€

145,00

Hea t pump types

Cos t per pi ece (€)

n. pi eces

Sol a r col l ector type

n. pi eces

Fl a t pl a te s ol a r col l ector

1

9.000,00
Cos t per pi ece (€)

Cos t per pi ece (€)
€

2.900,00

Table 23 : Prices of active and passive measures implemented in the financial model.

4.3

House level Menu

In this section some of the background calculations and the main components of the House Level Menu
are indicated. Furthermore the steps to take from the user are listed. The user can edit only the yellow
colored cells.
To make the decision support tool user-friendly and to accelerate the time of choice of the user, check
boxes have been deployed for the single selections. In order to navigate quickly within the whole decision
support tool, rectangular buttons connected through hyperlinks to specific excel sheets were created. The
renewable energy technologies listed in the House level Menu are compatible to each other and their
possible combinations are summarised in the Appendix E.

4.3.1 Gas demand calculation for terraced house

Gas and electricity demand have been calculated as yearly value per m² in order to be easily connected to
the model.
Based on the two complexes studied, the gas demand per m² of a generic terraced house was
approximated as an average value of the simulations performed with Vabi Assets 4.3. The results were
divided by 0.95, the efficiency of heating system with condensation boilers (HR-107 boilers efficiency,
ISSO publication 82.3) which are assumed to already to be installed in all the houses before the
renovation project. For the four insulation scenarios, the average values for houses in between and
corner are listed in Table 24, both in case of insulation of all components and all the components but the
floor.
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Gas demand in m³/m² per scenario all components

Between

Corner

Technical type
F terraced
F1 terraced
90 terraced
100 Between
Technical type
F corner
F1 Corner
90 Corner
100 Corner

Complex Actual Reasonable Good Excellent
503
23
14
13
12
503
23
14
13
12
220
24
13
12
11
220
23
13
11
10
Average
23
13
12
11
Complex Actual Reasonable Good Excellent
503
30
15
14
13
503
30
15
14
13
220
31
15
14
12
220
29
15
13
11
Average
30
15
14
12

Excellent + Triple
11
11
10
10
11
Excellent + Triple
12
12
11
11
12

Gas demand in m³/m² per scenario all components NO FLOOR
Technical type
F terraced NO Floor
F1 terraced NO Floor
90 terraced NO Floor
100 Between NO Floor

Complex Actual Reasonable Good Excellent Excellent + Triple
503
23
15
14
13
13
503
23
15
14
13
13
Between
220
24
15
14
13
12
220
23
15
13
12
12
Average
23
15
14
13
12
Technical type
Complex Actual Reasonable Good Excellent Excellent + Triple
F corner NO Floor
503
30
17
16
15
14
F1 Corner NO Floor
30
17
16
14
14
Corner
90 Corner NO Floor
220
31
17
16
14
14
100 Corner NO Floor
29
17
14
13
12
Average
30
17
15
14
13
Table 24 : Gas demand for the four insulation scenarios expressed in cubic meter per square meter of natural gas. The
consumption for between and corner houses are shown.

In the House Level Menu, once the geometry will be inputted and the insulation scenario box checked, the
system will multiply the value for the Total usable floor surface of the house and the yearly gas demand
estimation will be outputted. The gas demand will be subdivided in fixed values for domestic hot water
and cooking gas needed. For the first a consumption of 355 m³/year of natural gas has been calculated
with the equation below:
N*lp/d*d/y*Cp water* ΔT* ΔH* ΔHc° * ηcondboiler (Equation 14)
Where:
N = average number of persons in the house = 2 (Woonbedrijf)
lp/d= liters per person per day = 55 liters (Publication ISSO 98)
d/y = days per year = 365 days
Cp water = heat capacity of water at standard atmosphere pressure = 4200 (J/(kg*K))
ΔT = Difference of temperature between the input fresh water (283 K) and the domestic hot water (333 K)
= 50 K
ΔHc° = Calorific value of natural gas = 35.17 (MJ/m³)

ηcondboiler = efficiency of condensing boiler for domestic hot water = 67.5 % (Publication ISSO 98).
This equation was used for estimating domestic hot water in Rigoreus project, an initiative brought
through from ECN, TNO, TU Delft end DHV. (TNO,2009).
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Concerning the gas consumption for cooking, 65 m³ are supposed on annual level, according to a research
about the heating demand for terraced houses, performed for the Dutch government (ECN,2009) .
For example if the box house in between is checked, 70 m² entered in the Total usable floor surface cell
and the insulation scenario Good is chosen, the following gas consumption will be shown by the decision
support tool:
RH= 70*11.7= 819 m³/year
DHW = 355 m³/year
Cooking = 65 m³/year
see Figure 32.

4.3.2 Electricity demand calculation for generic terraced house
From the simulations results, the average EPC electricity demand per technical house type has been
extrapolated for both houses in between and in the corner. In the model it is named as House electricity +
Ventilation. The results are shown in Table 25.
Between houses per Ventilation system (kWh/m²/year)
Technical type
90 terraced
100 terraced
F terraced
F1 terraced
Average

Natural Ventilation
639
694
670
685
kWh/m²

9
9
9
9
9

Mechanical
ventilation
801
874
896
896
kWh/m²

12
12
12
12
12

Heat recovery
Ventilation
923
1009
1035
1035
kWh/m²

14
13
13
13
13

Corner houses per Ventilation system (kWh/m²/year)
Mechanical
Heat recovery
ventilation
Ventilation
90 corner
639
9
801
12
923
14
100 Corner
694
9
874
12
1009
13
F corner
662
9
896
12
1035
13
F1 Corner
642
8
896
12
1035
13
Average
kWh/m²
9
kWh/m²
12
kWh/m²
13
Table 25: Average EPC Electricity demand per house type and per ventilation system expressed in kWh/m²/year.
Technical type

Natural Ventilation

In the House Level Menu the yearly electricity bill expressed in kWh/year, will be inputted. The difference
between the total electricity demand entered and the values in this table multiplied for Total usable floor
surface of the house, are defined as Behavior/Appliances electricity, since the energy demand of the
appliances in the house and the behavior of the tenants it is not easily predictable (Figure 32).

4.3.3 The Steps
From the starting screen (Figure 28), the House level menu can be chosen. The user can decide already if
to insulate all the components of the terraced house, or all the components excluding the floor (Figure
29).
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Figure 28: Starting screen of the Menukaart.

Figure 29: House Level Menu panel.

In the House Level Menu, the user will have to follow 9 steps (from Step 0 to Step 8) in order to build his
or her own preferred combinations.
The inputs of this model are:
-

Geometry of the house (m²);
House type choice;
Electricity demand (kWh/year);
House electricity + Ventilation type choice;
Energy reduction measures choice;
Desired insulation level (Scenarios) choice;
Desired renewable energy technologies ;
Target rent (€/month);
Monthly rent increase (€/month);
Possible subsidies (€/first year);
Maintenance and operating costs (€/year).

The outputs of this model are:
-

Energy savings compared with the initial monthly bill (€/months);
CO2 reduction (kg/year);
Costs involved depending on the choices made (tot € investment);
Initial energy label;
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-

Energy label due only to the applied insulation scenario;
Energy label due to the combination of insulation and selected renewable energy technologies.

The nine steps involved in the House Level Menu are described below.
Step 0_Geometry. In this part, the user compiles the geometry of the dwelling in m², as shown in Figure
30 and Figure 31. The values for this step can be found in the technical type database of the company. In
Table 26 and Table 27, the surfaces for per technical type for the two studied complexes are shown.
Total usable floor
Windows (m²)
surface (m²)
82
43
68
15
85
48
75
18
93
52
77
15
82
52
77
20
Table 26: Surfaces per house component for Corner houses.

CORNER _ Technical Type
90 corner
100 corner
F corner
F1 corner

Façade (m²)

Roof (m²)

Total usable floor
Windows (m²)
surface (m²)
90 in between
45
42
68
13
100 in between
47
47
75
16
F in between
49
52
77
15
F1 Between
44
52
77
20
Table 27: Surfaces per house component for Between houses.

BETWEEN _ Technical Type

Façade (m²)

Roof (m²)

Door (m²)
4
4
4
4

Door (m²)
4
4
4
4

According to the house type, the number of floors is set as a fixed value of two.

Figure 30: Step 0. The surfaces for the various components of the house have to be filled in: facade, roof and windows.

Figure 31: To complete the geometry, the total usable floor surface must be filled in.

The other surfaces like Aloss and Afloor are connected to the energy index calculation formula (see
Equation 2)
Step 1_ House type. The house type has to be selected: it is possible to choose or Between house or
Corner house . In order the calculation to be correct, the geometry must be coherent with this choice.
Step 2. The electricity annual bill must be inserted. An indication of the range between 2200 and 3000
kWh/year is inserted as a comment for the user. These quantities are taken from the annual electricity
bills of the previously studied complexes. The House electricity +Ventilation type can be selected. By
default it is assumed that the house is equipped with natural ventilation. It is possible to choose between
Mechanical and Heat recovery ventilation options. All the cells in the third column are commented, so, for
instance, the insulation scenarios can be easily coupled with the recommended ventilation systems (see
Paragraph 3.6).
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Figure 32: Step 1 house type and Step 2 ventilation and EPC electricity are selected.

Step 3. Some of most popular energy reduction measures within the company have been inserted in the
menu (Figure 33). The options and the assumed energy reduction consequences are:
-

Standby killers. Behaviour/Appliances electricity will be reduced of 10% (Kyriakoulis Tselekis, 2012).
Smart meter and smart apps. If this check box would be selected the Total Electricity Demand will be
reduced of 6.4% because of the increased awareness of the tenants (ECN Energietrends, 2014);
Heat recovery shower plate. If this check box would be selected the DHW demand will be reduced of
85 m³/year, passing from 355 to 270 m³/year of gas demand;
Electric cooking is considered an energy saving measure, since even if we take the least efficient
sealed plate hobs, their electricity consumption will be 200 kWh/year (Stamminger,2008). If we
express it in primary energy, compared with the 65 m³/year set gas consumption, we would have an
energy saving of 440 kWhprimary/year. If this check box is selected, the Total Gas Demand would be
equal to zero, while the Total Electricity Demand would be increased.

Figure 33:Step 3.Energy reduction measures in the House Level Menu.

Step 4. After having filled the yearly gas demand, which must be in the range between 1300 and 1700
m³/year, the quantities for room heating, domestic hot water and cooking are automatically subdivided
(Figure 34). The gas for domestic hot water and the cooking are fixed values based on the national
legislation (NEN 7120).
The user will to pick one of the four options for Insulation Scenarios. The choice is directly connected with
the ventilation options in Step 2. To guide the user in the third column comments in the cells have been
positioned according to paragraph 3.6.
The output of this step will be the input for the Equation 6, if an air source or ground source heat pump
will be chosen in the next steps.
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Figure 34: Step 4. Insulation scenarios options and total gas demand is accounted.

In Figure 34 the demand for domestic hot water shown in the third column is reduced by the energy
saving measures Heat recovery shower plate, Electric cooking previously picked. This would lead to 270
m³ of gas demand, which is further decreased because of the presence of the 1 Solar collector, chosen in
Step 6.
In this Step 5 and in Step 7 it is possible to choose between the options of monocrystalline silicon
photovoltaic panels that the user would like to install on top of the roof see Figure 35 and Figure 36. In
Table 11 are stated the options and the assumed electricity conversion values. The geometry and the
available surface of the roof is taken into account, so, if the user for example, choses for 10 Photovoltaic
panels in Step 5 and then 18 Photovoltaic panels + Solar collector option, the system will not admit the
second options.
In Step 6 and Step 7 there is an option that includes the deployment of a flat plate solar collector with 120
liters hot water storage. The gas saving for domestic hot water were calculated taking into account an
annual irradiation of 800 W/m² and an overall system efficiency of 64%. The energy saving result for 2.5
m² of solar collector is 118 m³/year of gas. So, the Total gas demand will be reduced of the same amount.

Figure 35: Step 5. Options for implementation of photovoltaic panels.

If already the check box 1 Solar Collector has been chosen in Step 6, like in the example proposed, even if
we check one of the two boxes in Step 7, this will not affect the gas demand. The user can easily observe
this phenomenon since the second row of 18 Photovoltaic panels+1 Solar Collector or 8 Photovoltaic
panels+1 Solar Collector will show the value 0.

Figure 36: Step 7. Options for contemporary implementation of photovoltaic panels and flat plate solar collector.

Step 6. If the user is interested in the implementation effects of air source or ground source heat pumps
or ground source heat pump should check one of the box in this step (Figure 38). If the option that covers
both room heating and domestic hot water is selected, the Final Gas Demand will be equal to the cooking
demand. At the same time the yearly electricity consumption contribution from the technology will be
shown and the same amount added to the Final Electricity Demand (Figure 38).
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Figure 37: Step 6. Heat pumps and Solar collector can be chosen in Step 6.

The electricity needed from the heat pumps is calculated according to the Dutch national regulation NEN
7120.
Once all the Steps are taken the user can read the outputs in terms of new electricity and gas demand
(see Figure 38) and restart the process.

Figure 38 : Electricity and gas demand are presented after filling in all the Steps.

Step 8. The last step to take for completing this menu is the financial model (Figure 39). In the first row,
the user will insert the monthly target rent, which represents the actual rent of the specific dwelling. The
Energy bill Initial is automatically using the equation below (Equation 15):
Energy bill Initial= Gas Annual Consumption*Gas cost/m³ + Electricity Annual consumption*Electricity
Cost/kWh (Equation 15)
Where:
-

the annual gas and electricity consumption have been inputted by the user in Step 2 and Step 4;
the potential Energy bill savings/month (€/month) are defined by the Equation 16:

Energy bill savings/month (€/month) = Final Gas Demand*Gas cost/m³ + Final Electricity
Demand*Electricity Cost/kWh (Equation 16).
The amount of monthly savings represents an important datum to define the financial strategy of the
renovation project. While the rent will be increased the energy bill will be reduced. Taking this into
account, the user can decide to increase the rent of a superior or inferior amount compared to the energy
savings calculated by the model. When filling in the cell Increase total monthly costs, the user can enter a
specific amount. It will be part of the Total Monthly Costs, where, total monthly costs are defined as
target rent plus energy bill.
Once the cell Lifespan (duration of the project) is definite, it can be 1 to 25 years, cell Budget from the
Tenant and subsidies will show the total financial contribution of the tenant during the duration of the
project. The contribution of the subsidies is added to the first year revenues.
To calculate the mentioned budget, Equation 17 was used:
Budget from the Tenant and subsidies = NPV(IRR3%;Net cash flow Lifespan + Subsidies). (Equation 17)
Where :
Net cash flow per year = Increase Total Monthly Costs*12 months – Maintenance Costs – Operating Costs
(Equation 18).
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Where the maintenance and operating costs are referred only to the new sustainable active and passive
measures applied. They have been roughly estimated as € 100,00 per month, based on the experience of
the company actual suppliers. They can be edited by the user under suggestion of the suppliers involved
in the project.
The Net cash flow is increased of 2% per year since they are revenue and the costs are increased of 3%
per year. Those values have been suggested by the financial department of Woonbedrijf.
Based on the resulting contribution amount from the tenant, the Percentage Tenant and subsidies on
Total costs is calculated by the system (Equation 19):
Percentage Tenant and subsidies on Total costs = Budget from Tenant/ Total investment costs (Equation
19).
Where the Total investment costs cell is the sum of the selected options in the previous steps. The prices
used are listed in Table 28.

Figure 39: Step 8. Financial model.

4.3.4 Energy index and energy label calculation
Another very important output of the House Level Menu is the overview of the Energy label of the
dwelling.
The primary energy needed to calculate the energy index is expressed with the Equation 20:
Qtotal= House electricity + Ventilation*3.6/0.39 + Final gas demand *35.17+ Photovoltaic panels converted
electricity*3.6 + Heat pumps converted electricity*3.6 +Solar collector converted heat * 35.17.
(Equation 20)
Where:
0.39 = average efficiency of electricity fossil power plants (Ecofys 2014);
House electricity + Ventilation = Total usable surface * House +Mechanical Ventilation + Total usable
surface *House electricity +Heat Recovery Ventilation;
Gas annual consumption is the total gas demand per house inputted by the user in Step 4;
Photovoltaic panels converted electricity is the sum of all the photovoltaic panels options Step 5 and Step
7;
Heat pumps converted electricity is the sum of all the heat pump options in Step 6;
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Solar collector converted heat is the sum of the solar collector options in Step 6 and Step 7.
The equation does not include the consequences of the energy reduction measures selected in Step 3,
because they are not included in the energy index calculation method of NEN 7120.
The user can read the summary of house energy label evolution in three different cells:
- Initial Energy Label, represents the original label of the house, based on the initial inputs of the user;
- ONLY insulation Energy Label, shows the energy label after the insulation scenario is selected;
- Insulation+Renewable Energy Label, indicates the energy label after insulation and renewable energy
technologies are selected.

4.3.5 Other outputs
During the process of compiling the House Level Menu, some additional information and graphs will be
generated (Figure 40 and Figure 41).
The energy bill per year, the quantity of electricity and gas demand will be updated for every choice. It is
possible to compare progressively the initial energy bill and the new one separately in relation to gas and
electricity per year.

Figure 40 : Energy consumption and related yearly bill.

Figure 41 : Initial energy bill and progressive new energy bill is presented for gas and electricity.

The summary of initial and end CO2 kg per year produced by the examined house appears in a graph
placed next to the financial model (Figure 42).
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As mentioned the same procedure will be applied if the user will choose to insulate all the components of
the house excluding the floor. In this case he or she should select the option Insulation ALL components
NO Floor.

Figure 42 : Initial and new CO2 emissions for the considered house.

To give an indication on the number of batteries which would be needed to make the house independent
from the electricity grid, the number of days of electricity storage can be inputted (yellow cell in the PV
Battery option). In this example a 700 Ah capacity and 24 Volts battery is assumed, together with the
number of extra photovoltaic panels (Figure 43).

Figure 43: PV Battery Model.

To calculate the number of batteries needed the equations described in paragraph 3.8.4 were used. The
input electricity demand is the Final Electricity Demand.
(Final Electricity demand*1000/365)/ηw/ηb/ηmismatch/Number of Sun peak per day in NL . (Equation 21)
Where:
Efficiency because of mismatch effect ηmismatch = 90% (A. Chouder, 2009)
Number of Sun peak per day in NL = 3 (days).
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4.3.6 Summary
In the Table 29 a summary of the choices made (in green) is presented.
Inputs
Step 0
Step 1
Step 2
Step 3
Step 4
Step 5
Step 6
Step 7
Step 8

Façade (m²)
90
Corner house
Total usable surface (m²)
70
Stand-by killers
Scenario 2: Good (RH)
10 Photovoltaic panels
Air source heat pump RH & DHW
No selections
Target rent (€/month)
€
500,00
Monthly Maintenance (€/month)
€
100,00

Final Electricity Demand (kWh/year)
3500
Initial Energy Label
D

Roof (m²)
43

Windows (m²)
15

Initial Electricity demand (kWh/year)
3000
Smart meter and Smart app

Doors (m²)
4

House electricity + Mechanical ventilation
Heat recover shower plate

Electrici cooking

1 Solar Collector
Increase total Monthly costs (€/month)
€
70,00 €
Monthly Operating costs (€/month)
€
100,00

Ouputs

Subsidies (€)
2.000,00
Lifespan
25

Final Gas Demand (m³/year)
CO2 reduction
0
0
ONLY insulation Energy LabelEnegy Label
B

Energy bill savings/month (€/month)
€
95,14
Insulation+Renewable Energy Label
A++

Table 29: Summary of selected options in House Level Menu.

4.4

Strategy Level Menu

A database was created with all the possible combinations for the eight insulation scenarios previously
mentioned. The functions MIN and MAX were exploited to get all the possible combinations of active and
passive measures.
In the initial screen the user can choose to use the Strategy Menu. The user will define immadiately if to
formulate a strategy choice for houses in between or corner houses (Figure 44). 39 combinations are
connected to this menu as shown in Appendix E.

Figure 44: Strategy Level Menu panel.

After that a screen will appear. In Figure 45 the example for the between house is indicated.
The inputs from the user will be:
a.
Choice insulation all the components or all the components and not the ground floor;
b.
Electricity yearly consumption (kWh/year);
c.
Total floor (usable) surface of the house (m²);
d.
Choice of Strategy goal.
While the output from the model will be:
e.
Top three combinations of active passive measures.
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Figure 45: Steps 1 to Steps 4. Interface for Between house in Strategy Level Menu.

Four steps need to be taken in order to obtain the mentioned output.
Step 1. The user checks one of the two boxes available, indicating the will to insulate all the components
of the house or all of them but the ground floor.
Step 2. The annual electricity demand will be filled in. The suggested value is between 2200 and 3000
kWh/year.
Step 3. The total amount of usable surface of the house will be inserted in m² with values from 60 to 80
m². Once those steps are taken, the model will show on the right a table containing the average gas
demand for the house type selected (m³/year) , the initial amount of CO2 produced by the house (kg/year)
and the total initial energy bill (€/year) Figure 46.

Figure 46 : Gas demand, initial CO2 and Initial Total bill per year are shown.

Step 4. One of the six strategy goals can be selected by the user. They have been defined in paragraph
3.2.1. After that, in the bottom of the Strategy menu, for tables will indicate the best three combinations
of solutions to apply at a house level in order to reduce the energy bill or the carbon dioxide emissions for
the four passive measure scenarios (insulation scenarios). The thermal resistance of the components, the
transmittance of the new windows applied and the ventilation systems are mentioned in the 4 tables
(Figure 47). For example below the combination n. 27 from Scenario 1 is highlighted. In this case this
combination will reduce of 83% the initial energy bill and the new quantity (kg CO2/year) will be 610,00. If
we would chose for CO2 reduction strategy, the quantity has to be read as the new amount of kg of
carbon dioxide produced by the house in one year.
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Figure 47: Passive measure scenarios indicating the three best combinations with renewable technologies at house level.

Technical measures involved in the selected combination can be checked clicking on the button
‘’Combination legend’’ (Figure 48). Looking at the code list, we see that Combination 27 considers the
electricity demand and gas demand (from code 1 to 5), all the energy reduction measures (from 6 to 8),
the use of a ground source heat pump only for room heating purposes (code 18) and 20 photovoltaic
panels (code 11).
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Figure 48 : Combination Legend panel. Combination 27 is selected.

The steps can be repeated for different strategic goals and different related combinations of solutions.
The quick result for the user will be three possible settings of the specific house for a specific aim
previously stated.

4.5

Neighbourhood level Menu

In the Neighborhood level menu (Figure 49) the user can have an estimation of the total investment and
operational cost for an aquifer thermal energy storage system (ATES) applicable in large scale projects
with other partners, or involving buildings which have a high cooling demand. This model is completely
disconnected from the previous two.

Figure 49: Neighborhood level Menu panel in Menukaart.

The user can fill in the yellow cells related to the gas yearly demand per house, the number of houses. The
heating demand is calculated considering the conversion value of 10.6/1000 from m³ of natural gas to
thermal primary energy in MWh. The thermal demand and power of the surrounding buildings can be
inputted. Based on a model (developed together with IF technology) the total investment and total
operating cost are presented as a result of the previous conditions.
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Figure 50: Aquifer thermal energy storage model within the Neighborhood Menu.

5.

Evaluation & Validation

In this section a short description of the company employee’s evaluation and the validation of the active
measures models will be presented.

5.1

Evaluation by the end users

The overall validation by the users after five meetings in which specific requests have been forwarded is
summarized in Table 30.
System requirements

Achieved

Scalability

Reliability






Features to be included

Achieved

Quick in decision making
Ease-to-use

Use tools available ''in house''. Example: Vabi Assets Energie 4.3.
Only proven technologies at house level.
Incorporate a financial model according to Woonbedrijf
parameters.
Take into account the space limits of archetype.
Insert easily applicable insulation scenarios.
Prices of the implemented measures.
Desired Outputs
Financial savings per implemented measure and total.
Energy savings per implemented measure and total.
Energy Label before and after renovation.







Achieved






Percentage of investment depending on tenant's rental increase.
Table 30: System requirements, requested features and desired output options requested by the end users during the
meetings.

The system requirements, the features and the desired outputs which have been discussed are all
included in the designed system. Furthermore if the main strengths and weaknesses points of the decision
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support tool from the user’s perspective are analysed Table 31, the main suggestion by the employees is
the implementation platform.
Strengths
User: ‘’It is a quick way to see the opportunities for improving the sustainability of a dwelling
by giving a goal and different scenarios’’.
User: ‘’It is easy to make quick decisions during the feasibility study phase’’.
User: ‘’Beside the useful information for a social housing corporation. it also give information
for the tenant on how much he can save’’.
User: ‘’ On the financial side the Menukaart gives information on the costs of the scenarios and
the savings’’.
User: ‘’You can make it specific by inserting the electricity and gas annual demand’’.
Weaknesses
User: ‘’Could be implemented in Access or PHP because it is difficult to read the overall picture
in Excel’’.
Table 31: Strengths and Weakness of the system from the end users perspective.

5.2

Validation of references

In this paragraph a summary of the models used in the Menukaart will be shown.
The low-resolution renewable energy technologies models results included in the Menukaart, as stated in
paragraph 3.8, have been validated by comparing them with the outputs from more complex calculation
systems. PVGis Europe for photovoltaic panels and Polysun 7.0 Software for solar collector and heat
pumps have been chosen, and, As indicated in Table 32 , the difference in absolute values in a reasonable
range between 2% and 10%.
Technology
Menukaart PVGis Europe Difference output (%)
10 Photovoltaic panels (kWh/year)
1902
1860
2%
Technology
Menukaart
Polysun 7.0
Difference output (%)
1 Solar Collector (kWhthermal/year)
1250
1271
2%
Air Source Heat Pump (kWh/year)
3985
3902
2%
Ground Source Heat Pump (kWh/year)
2436
2209
9%
Table 32: Renewable energy models in comparison with the outputs of common use software.

The photovoltaic and battery system results were approved by professionals in the field during meeting
with the company BAE Solar Batteries.

5.3

Next Steps/Recommendations

A decision support tool kit for renovation projects for terraced houses between 1945 and 1965 was
designed and implemented for the Dutch social housing corporation Woonbedrijf.
-

The system can be extended and adapted to all the other building archetypes included in the
company housing stock;

-

The building orientation options could be variable. The system should show the differences in
terms of energy conversion, financial savings and CO2 reduction;

-

The financial and energy consequences of the active and passive measures selection can be
refined and monthly or daily base outputs shown by the system;
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-

Different occupancy and energy profile options can be included in the system, to make useful
comparison or adapt the system to specific requests by the tenants;

-

The technology degradation for all the technologies involved should be taken included in the
calculations;

-

The ground source heat pump consumption should include the electricity needed from to the
pump responsible of the circulating fluid in the boreholes;

-

More central heating systems options can be included, in order to give an impression of the
differences between them, based on costs and performances;

-

A desktop, tablet or mobile phone application could be created, so that the real estate
consultants of the company can give immediate answers to clients or efficient contribution during
a company meeting or brainstorming.

Seen the big potential of this system, Woonbedrijf will deploy it during the next months in the next
renovation projects during 2015.
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Appendix A : data of the complexes 220 and 503.
Typology. floorplans and facades of the Complex 220.
Type 90 in blue shades. type 100 in orange.
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Floorplan type 00220T000090 (type 90)

Facades type 90 (front/back)

Floorplan type 00220T000100 (type 100)
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Facades type 100 (front/back)

Geometry and technical types of terraced houses in complex 220
Table 33: Area of different components in technical types of complex 220.
Technical Type

Façade (m²)

Roof (m²)

Floor (m²)

Windows (m²)

Doors (m²)

Aloss (m²)

Afloor (m²)

90 between

45

42

67.5

13

4

138

34

90 corner

82

43

67.5

15

4

178

34

100 between

47

47

75

16

4

152

38

100 corner

85

48

75

18

4

192

38
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Technical types. rent. energy demand and (energy bill/target rent) ratio of terraced houses in complex
220.
Table 34: Technical types. rent. energy demand and (energy bill/target rent) ratio of terraced houses in complex 220.
House Type

N. houses

Electricity demand
(kWh/year)

Gas demand (m³/year)

90 terraced

139

2158

1286

€

405.00

90 corner

53

2143

1288

€

420.00

100 terraced

34

2400

1348

€

410.00

100 Corner

12

2370

1351

€

415.00

(Total) 238

(Average) 2199

(Average) 1298

Electricity bill

Gas bill

TOT Energy bill/month

House Type

Target rent (€/month)

(Average)

€ 410.00

Energy bill/target rent

90 terraced

€

33.63

€

82.73

€

116.36

29%

90 corner

€

33.40

€

82.86

€

116.26

28%

100 terraced

€

37.40

€

86.72

€

124.12

30%

100 Corner

€

36.93

€

86.91

€

123.85

30%

Average

€

34.27

€

83.50

€

117.77

29%

Typology. floorplans and facades of the Complex 503.
Type F and F1 Corner in brown shades. type F and F1 in green.
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Facades and floor plan for technical type F and F1.

Geometry and technical types of terraced houses in complex 503
Table 35: Area of different components in technical types of complex 503.
Technical Type

Façade (m²)

Roof (m²)

Floor (m²)

Windows (m²)

Door (m²)

Aloss (m²)

Afloor (m²)

F in between

49

52

77

15

4

158

38.5

F corner

93

52

77

15

4

202

38.5

F1 between

44

52

77

20

4

159

38.5

F1 corner

82

52

77

20

4

197

38.5

Technical types. rent. energy demand and (energy bill/target rent) ratio of terraced houses in complex
503.
Table 36 : Technical types. rent. energy demand and (energy bill/target rent) ratio of terraced houses in complex 503.
House Type

N. houses

Electricity demand
(kWh/year)

Gas demand (m³/year)

F terraced

68

2670

1673

€

444.50

F corner

33

2634

1677

€

460.34

F1 terraced

71

2852

1708

€

448.70

F1 Corner

30

2834

1705

€

461.47

(Total) 202

(Average) 2747.5

(Average) 1690.75

Target rent (€/month)

(Average)

€ 453.75
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House Type

Electricity bill
(€/month)

Gas bill (€/month)

Energy bill (€/month)

Energy bill/target rent

F terraced

€

41.61

€

107.63

€

149.24

34%

F corner

€

41.05

€

107.89

€

148.93

32%

F1 terraced

€

44.44

€

109.88

€

154.33

34%

F1 Corner

€

44.16

€

109.69

€

153.85

33%

Average

€

42.82

€

108.77

€

151.59

33%

Appendix B : Vabi Assets Energie insulation scenarios.
In this appendix the different steps made to determine the insulation scenarios for the complex 220 and
503 is shown.
Step 1
Once the software is open. the database of the company indicates the actual status of the complexes. In
the Figure 51 the energy label (Pre-label). gas and electricity consumption expressed in m³/year and
kWh/year. the total useful surface in m².and other information per house are shown.

Figure 51: Database for Complex 220. The Initial energy label. energy consumption and characteristic of the buildings are
indicated.

The insulation scenarios explained in the paragraph Insulation scenarios chosen for the Menukaart were
built following those steps:
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Step 2
The occupancy was set as 2 (people per house). since it represents the average in Woonbedrijf houses.
the heating set point of 18°C and natural ventilation(see Figure 52).

Figure 52: The occupancy. the heating set point are set.

Step 3
A condensing high efficiency boiler was selected as central heating for domestic hot water and room
heating demand. low temperature radiators 45°C /35°C were set.

Figure 53: The heating systems can be set. Individual condensing gas boiler and high temperature radiators are set as initial
scenario.

Step 4
76

The scenarios were created as combinations of different insulation measures applied to all the
components of the house. As illustrated in Figure 55 the thickness and thermal properties of the
additional insulation layers can be selected too within the software. The same goes with the ventilation
systems Figure 56 glazing and doors.

Figure 54: The Scenarios can be created grouping different measures previously chosen.

Figure 55: From the options it is possible to select the insulation thickness and thermal properties for a specific component. In
this picture the facade options are shown.
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Figure 56:Mechanical. natural and heat recovery ventilation can be chosen and added to the scenario.

Figure 57: A new insulated door has been selected for all the insulation scenarios.
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Appendix C. Validation models for renewable energy
technologies
Photovoltaic panels calculation with PVGis:
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Polysun simulation results for flat plate solar collector with DHW buffer.
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Polysun simulation results for Air Source Heat Pump

(with inverter controlled air-to-water heat pump, separate heating
system return and domestic hot water tanks)

Location of the system
Davide Garufi
Den Dolech 2
5612 AZ Postbus 513. VRT 6.09

Eindhoven
Longitude: 5.478°
Latitude: 51.441°
Elevation: 19 m
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Polysun simulation results for Ground source heat pump
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Appendix D: Equations Aquifer Thermal Energy Storage
All buildings (Column ATES/HP Heating)
Distribution losses
(Equation 1)

Yearly energy demand (MWhthermal/year) = Number of houses*Heating demand per house + Heating demand other buildings

(Equation 2)

Thermal power (kWthermal/year) = Number of houses*Heating power per house + Heating power other buildings

(Equation 3)

Yearly energy losses (MWhthermal/year) **= (Equation 1)*0,17

**assumption heating losses 17% .
(Equation 4)

Power losses (kWthermal/year) *** = Thermal power *3% (for heating)

***assumption heating power losses 3%.
Energy power station: Energy (Column ATES/HP Heating)
(Equation 5)

Yearly energy demand (MWhthermal/year) = (Equation 1) + (Equation 3)

(Equation 6)

Beta factor (%) = 25

(Equation 7)

Energy delivery base load (%) = 85

(Equation 8)

Delivery by heat pump/chiller (MWhthermal/year)= (Equation 7)/100 *(Equation 1)

(Equation 9) Delivery by gas boilers (MWhthermal/year)= (Equation 1)- (Equation 8)+(Equation 3)
(Equation 10) Delivery by ATES heating (MWhthermal/year)= ( ( SPF HP (heating) -1) *( Equation 8) – (SPF HP (heating))
(Equation 11) Delivery by Balancing installation (MWhthermal/year)= IF (Equation 10)> (Equation 10.1), then
(Equation 11) = (Equation 10) – (Equation 10.1), otherwise = 0
(Equation 12) Electricity consumption (MWhelectric/year) = ( Equation 8 )/(SPF HP (heating) + ( Equation 10) /(SPF ATES) +
( Equation 11)/SPF balancing installation)]
(Equation 13) Gas Consumption (m3/year) = [( Equation 9 )*( Efficiency gas boiler/100)*1000/heating value natural gas

Energy power station: Power (Column ATES/HP Heating)
(Equation 14) Thermal power (kWthermal) = (Equation 2)+ (Equation 4)
(Equation 15) Delivery by heat pump/chiller (kWthermal) = (Equation 6)/100 * (Equation 14)
(Equation 16) Delivery by gas boiler (kWthermal) = (Equation 14)- (Equation 15)
(Equation 17) Delivery by ATES (kWthermal) = (COP Heat Pump -1)* (Equation 15)/COP Heat Pump
(Equation 18) Delivery by balancing installation (IF 1500 full load hours/year) (kWthermal) = ((Equation 11)*1000)/1500

Energy power station: Energy (Column ATES/Cooling)
For the cooling column the same equations have been chosen according to the energy and power demands
set. The values of the beta-factor (50%) and the energy delivery base load (95%) have been chosen higher
than the heating side, so that the total installation can be more balanced. As a consequence of this the
system will be better in terms of safety and financially accessible (see in the section Finance). The following
equations have been chosen:

All buildings (Column ATES/HP Cooling)
(Equation 1.1)

Yearly energy demand (MWhthermal/year) = Number of houses*Cooling demand per house + Cooling demand other buildings

(Equation 2.1)

Thermal power (kWthermal/year) = Number of houses*Cooling power per house + Cooling power other buildings

Distribution losses (Column ATES/HP Cooling)
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(Equation 3.1)

Yearly energy losses (MWhthermal/year) **= (Equation 1.1) * 0,03

(Equation 4.1)

Power losses (kWthermal/year) *** = Thermal power *1% (for cooling)

**assumption cooling losses 3%.

***assumption cooling power losses 1%
Energy power station: Energy (Column ATES/HP Cooling)
(Equation 5.1)

Yearly energy demand (MWhthermal/year) = (Equation 1.1) + (Equation 3.1)

(Equation 6.1)

Beta factor (%) = 50

(Equation 7.1)

Energy delivery base load (%) = 95

(Equation 8.1)

Delivery by heat pump/chiller (MWhthermal/year)= (Equation 5.1) - (Equation 10.1)

(Equation 10.1) Delivery by ATES (MWhthermal/year)= ((Equation 7.1)/100) * (Equation 5.1))
(Equation 11.1) Delivery by Balancing installation (MWhthermal/year)= IF (Equation 10.1)> (Equation 10), then
(Equation 11.1) = (Equation 10.1) – (Equation 10,) otherwise = 0
(Equation 12.1) Electricity consumption (MWhelectric/year) = [( Equation 8 .1)/(SPF HP (heating) -1) + ( Equation 10.1) /(SPF ATES) +
+ ( Equation 11.1)/SPF balancing installation)]

Energy power station: Power (Column ATES/HP Cooling)

(Equation 14.1) Thermal power (kWthermal) = (Equation 2.1)+ (Equation 4.1)

(Equation 15.1) Delivery by heat pump/chiller (kWthermal) = (Equation 14.1)- (Equation 16.1)
(Equation 17.1) Delivery by ATES (kWthermal) = (Equation 7.1)/100 * (Equation 14.1)
(Equation 18.1) Delivery by balancing installation (IF 1500 full load hour/year) (kWthermal) = ((Equation 11.1)*1000)/1500

Individual installation
In the columns individual gas boiler and chiller the heating and cooling energy demand is given by the values
in the Table 17 (2300 MWhthermal /year and 1000 MWh thermal /year). Distribution losses are assumed to be
equal to zero. Below are mentioned the calculation for heating (individual gas boilers) and cooling (individual
chillers):

All buildings (Column Individual gas boilers)
(Equation 1.2)

Yearly energy demand (MWhthermal/year) = (Equation 1)

Energy power station: Energy (Column Individual gas boilers
(Equation 5.2)
(Equation 9.2)

Yearly energy demand (MWhthermal/year) = (Equation 1.2)
Delivery by gas boilers (MWhthermal/year)= (Equation 1.2)

(Equation 13.2) Gas Consumption (m3/year) = [( Equation 9 .2)*( Efficiency gas boiler/100)*1000/heating value natural gas]

All buildings (Column Individual chillers)
(Equation 1.3)

Yearly energy demand (MWhthermal/year) = (Equation 1.1)

Energy power station: Energy (Column Individual gas boilers)
Table
17
(Equation 5.3) Yearly energy demand (MWhthermal/year) = (Equation 1.3)
(Equation 8.3)

Delivery by gas boilers (MWhthermal/year)= (Equation 1.3)

(Equation 12.3) Electricity Consumption (MWh electric/year) = [( Equation 8 .1)/(SPF HP (heating) -1) + ( Equation 10.1) /(SPF ATES) +
+ ( Equation 11.1)/SPF balancing installation)]
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Investments costs
(Equation 1.4)

Collective heat pump/chiller (€) = Collective heat pump/chiller *MAX(Equation 8) and (Equation 8.1)

Table 17

(Equation 2.4) Individual chiller (€) = IF(Cooling power houses (Table 17) >0 then = Number of houses (Table 17)* Individual chiller;) otherwise =
0)+( Cooling demand other buildings (Table 17)* Collective heat pump/chiller
(Equation 3.4)

Collective gas boiler (€)= (Equation 9.2)* Collective gas boiler .

(Equation 4.4) Individual gas boiler (€)= (Number of houses (Table 17)* Individual gas boiler +
(Heating demand other buildings (Table 17) *( Collective gas boiler).
(Equation 5.4)

ATES (€) = ATES*MAX (Equation 17) and (Equation 17.1)

(Equation 6.4)

Balancing (€)= Balancing installation*MAX (Equation 18) and (Equation 17.1)

(Equation 7.4)

Distribution system including delivery set (€)= Distribution delivery set* Number of houses (Table 17)

+

(Equation 8.4 ) Total investment (Collective)(€)= (Equation 1.4)+ (Equation 3.4)+ (Equation 5.4)+ (Equation 6.4)+ (Equation 7.4)
(Equation 9.4 ) Total investment (Individual) (€)= (Equation 2.4)+ (Equation 4.4)

Operational and energy costs
(Equation 10.4)

Electricity (Collective) (€) = ( Equation 12)+ Equation 12.1)*1000* Collective electricity price .

(Equation 11.4)

Electricity (Individual) (€) = (Equation 12.3)*1000* Individual electricity price

(Equation 12.4)

Gas (Collective) (€) = (Equation 13)* Collective gas price

(Equation 13.4)

Gas (Individual) (€) = (Equation 13.2)* Individual gas price

(Equation 14.4) Maintenance cost per year (Collective) (€) = Maintenance collective system per year (percentage of investments)/100*(Equation 8.4)
(Equation 15.4) Maintenance cost per year (Individual) (€) = Maintenance individual system per year (percentage of investments)/100*(Equation 9.4)
(Equation 16.4) Total operational cost (Collective) (€) = (Equation 10.4)+ (Equation 12.4)+ (Equation 14.4)
(Equation 17.4) Total operational cost (Individual) (€) = (Equation 11.4)+ (Equation 13.4)+ (Equation 15.4)

Payback time
(Equation 18.4) Simple payback time (€) = ((Equation 8.4 )

- (Equation 9.4 ) )/((Equation 17.4 ) -(Equation 16.4 ))

Appendix E: Combinations of renewable energy technologies
In the table below are shown the possible combinations of renewable energy technologies
implemented in the Strategy Level Menu. In this table a specific case of a house in between with a
inputted total usable surface, electricity and gas demand per year is presented.
The energy costs are shown together with energy consumption, energy saving measures and
technologies in subgroups. The values per insulation scenario, ventilation, measure and
technologies have been calculated according to the equations and the assumptions expressed in
the current report. The same combinations and outputs have been used for the corner houses and
for the two options of NO Floor.

88

Initial El TOT (kWh)/year

Initial Gas tot (m³)/year

Initial CO2 (kg)/year

2200

2250

4490

0

Total usable floor surface (m²)

75

Energy cost per unit

Electricity (kWh)
Gas (m³)

€

0,19

€

0,77

Between house
Code
1
2
3

Scenario 1

Scenario 2

Scenario 3

A

B

C

D

Room Heating RH (m³/year)

1140

1035

907,5

870

Domestic Hot Water DHW (m³/year)

355

355

355

355

Cooking (m³/year)

65

65

65

65

Scenario 1

Scenario 2

Scenario 3

Scenario 4

D

Insulation Scenarios Gas demand

Electricity Demand

4
5
6

EPC+ Mechanical Ventilation (kWh)
EPC+ Heat recovery ventilation (kWh)
Appliances (kWh)
Energy reduction measures

7
8
9
10
11a
11b

Stand-by killers (kWh)

C

0

0

0

0

1050

1050

1050

1300

1150

1150

1150

A

B

C

D

-130

-115

-115

-115

-140,8

-140,8

-140,8

-140,8

-270,8

-255,8

-255,8

-255,8

Heat recovery Shower GAS (m³)

-85

-85

-85

-85

Electric cooking (m³/year)

-65

-65

-65

-65

Electric cooking (kWh/year)

200

200

200

200

A

B

C

D

5 PV Panels

-951,1296

-951,1296

-951,1296

-951,1296

10 PV Panels

-1902,2592

-1902,2592

-1902,2592

-1902,2592

20 PV Panels

-3420,0192

-3420,0192

-3420,0192

-3420,0192

A

B

C

D

8 PV (kWh) + 1 Solar collector (m³)

-1522

-1522

-1522

-1522

13 PV (8 PV + 5 PV) + 1 Solar collector (m³)

-2473

-2473

-2473

-2473

18 PV (8 PV + 10 PV) (kWh)+ 1 Solar collector (m³)

-3116

-3116

-3116

-3116

A

B

C

D

1 Solar collector (m³)

-118

-118

-118

-118

ASHP RH (kWh)

3375

3064

2687

2576

ASHP RH (kWh) + 1 Solar collector (m³)

-823

-823

-823

-823

ASHP RH + DHW (kWh)

5852

5541

5164

5053

ASHP RH + DHW (kWh) + 1 Solar collector (m³)

5029

4718

4340

4229

GSHP RH (kWh)

2784

2528

2216

2125

GSHP RH + DHW (kWh)

4361

4104

3793

3701

GSHP RH + DHW (kWh) + 1 Solar collector (m³)

3837

3580

3269

3177

Heating

17
18
19
20
21
22
23
24

B

Smart app+Meter (kWh)

Photovoltaic panels

14
15
16

A
900

Stand-by killers + Smart app+Meter (kWh)

Photovoltaic panels

11
12
13

Scenario 4
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In the table below are shown the possible combinations of renewable energy technologies
implemented in the House Level Menu.
Code

Renewable energy measures

a

5 Photovol ta i c pa nel s

Possible combinations for renewable selection
1

1.1

1.2

1.3

1.4

1.5

a +f

a +h

2.4

2.5
b+h

b

10 Photovol ta i c pa nel s

a

a +b

a +d

a +e

c

20 Photovol ta i c pa nel s

1.6

1.7

1.8

1.9

d

Ai r s ource hea t pump

a +b+d

a +b+e

a +b+f

a +b+h

e

Ground s ource hea t pump

1.10

1.11

1.12

1.13

f

1 Sol a r Col l ector DHW

g

18 Photovol ta i c pa nel s + 1 Sol a r col l ector

h

8 Photovol ta i c pa nel s + 1 Sol a r col l ector

a +b+d+f a +b+d+f a +b+d+h a +b+e+h
2

2.1

2.2

2.3

b

b+a

b+d

b+e

b+f

2.6

2.6

2.8

2.9

2.10

b+a +d

b+a +e

b+a +f

b+d+h

b+e+h

3

3.1

3.2
4.3

4.4

c

c+d

c+e

4

4.1

4.2

4.5

4.6

d

d+a

d+b

d+c

d+f

d+g

d+h

4.7

4.8

4.9

4.10

4.11

4.12

4.13

d+a +b

d+a +f

d+b+f

d+a +h

d+b+h

5

5.1

5.2

5.3

5.4

d+a +b+f d+a +b+h
5.5

5.6

e

e+a

e+b

e+c

e+f

e+g

e+h

5.7

5.8

5.9

5.10

5.11

5.12

5.13

e+a +b

e+a +f

e+a +h

e+b+f

e+b+h

6

6.1

6.2

6.3

6.4

e+a +b+f e+a +b+h

f

f+a

f+b

f+d

f+e

6.5

6.6

6.7

7

7.1

7.2

f+a +b

f+b+d

f+b+e

g

g+d

g+e

8

8.1

8.2

8.3

8.4

h

h+a

h+b

h+d

h+e

8.5

8.6

8.7

8.8

h+a +d

h+b+d

h+a +e

h+b+e
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