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Summary 
Building sustainably continues to gain importance and momentum, not only for new buildings but 
for renovation as well. During the coming decades the renovation of about 6.5 million residences in 
the Netherlands is planned [1]. Several concepts have over time been developed and used to reduce 
the environmental impact of a building. Amongst these, a relatively new concept is the greenhouse 
residence concept (Dutch: kaswoning). This concept is the combination of a house and a 
greenhouse. So far the greenhouse residence concept has been exclusively used for newly built 
residences, but the question is whether this is a feasible alternative for renovation as well. This study 
evaluates a freestanding residence from the seventies of the previous century to examine this 
because there is enough space for the greenhouse and 99% of them is privately owned . 

The main question of my graduation research is: 
Is the greenhouse residence concept a feasible option for renovation of a freestanding 1970-ties 
residence? 

In this study feasibility in terms of energy demand reduction of the dwelling, indoor climate of the 
dwelling and number of usable hours of the greenhouse is considered. Other aspects concerning the 
feasibility of a greenhouse for renovation are not taken into account. 

To answer this question several case studies have been simulated with IES Virtual Environment. The 
performance of the renovation measures is compared in terms of energy demand and indoor 
climate . 

• First, a newly built residence is modeled and the model is calibrated . 

• Subsequently, the properties of this model are adapted to those of a seventies residence. 
This model forms the basis for the simulations of three renovation options: greenhouse 
residence renovation, passive house renovation and Senternovem renovation (extra 
insulation). 

Five greenhouse options were modeled to examine the effect of a greenhouse attached to or 
covering a seventies dwelling (annual heating energy demand 1970-ties dwelling: 23.6 MWh/year). A 
greenhouse completely covering the seventies home reduces the energy demand of the dwelling by 
37%. However, it also increases the weighted overheating hours (GTO) of the dwelling by 14 times to 
approximately 1250 hours. The other four options consist of a greenhouse attached to respectively 
the north, east, south and west fac;:ade of the dwelling. These options reduce the energy demand of 
the dwelling by 5% to 17%. Furthermore, the GTO of the home increases for the east, south and 
west oriented greenhouse. 
In addition to that, a combination of a greenhouse and extra insulation for the home was examined. 
This improved greenhouse residence consists of a greenhouse attached to the south fac;:ade of a 
seventies residence. The north, east and west fac;:ade are provided with extra insulation. 
Furthermore shading is applied to the roof of the greenhouse and the south fac;:ade . These 
renovation measures result in 47% reduction in energy demand of the seventies residence . The 
weighted overheating hours of the house still increases by these measures. 

Passive house renovation of the seventies residence has been modeled as well. This option is 
characterized by extremely high insulation values in combination with low infiltration (0.4 hOI) and a 
heat recovery system. Furthermore, the g-value of the windows is extremely low which results in 
less solar heat gain than for the 70-ties residence and the other renovation options. The result is a 
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very low energy demand and a relatively stable indoor temperature with relatively low peaks. 
the GTO dwelling turns out to be low compared to the renovation options but 

than the 70ties residence. However, the average indoor temperature the passively 
renovated dwelling is highest of all due to relatively stable indoor temperature. In addition to 
that, a 40-year old house according to the passive standards is not easily done. A 
thick insulation is needed to reach the high insulation values of the walls. This is at 
the expense of the indoor floor space. Furthermore, speaking it is difficult to reach 

house infiltration values for renovation. These are both important of the 
house for renovation. 

Senternovem renovation consists of adding extra insulation as by Senternovem 
[lJ. The energy demand of the dwelling is reduced by 37%. Nevertheless, the GTO of the dwelling is 
almost doubled by these measures. 

So the conclusion is that the seventies house which is renovated according to the passive 
house concept performs best on both energy and weighted overheating hours. The 
heating energy demand of the passive house is 3.2 times lower than of the improved greenhouse 
reSidence, whereas the GTO is 2.1 times lower due to less heat gain and relatively stable indoor 

difference in performance Senternovem renovated and 
renovated dwelling in terms of energy demand is small, with the main 
climate. In terms of indoor the Senternovem renovated dwelling (164 GTO hours) 
33% better than the renovated dwelling (243 GTO hours). in 

renovation would perform on this topic because can be applied to the 
south fac;:ade greenhouse dwelling) in which is not possible in IES. 

most important advantage of the greenhouse renovation method compared to the other 
renovation options is the extra square meters provided by the greenhouse. This space is regarded as 
semi-outdoor space and it can be used for approximately 600 hours a year whereas the outdoor 
space in the Netherlands can be used for only 120 hours a year. 
Renovating a freestanding seventies residence by simply covering the dwelling with a greenhouse 
leads to a reduction of the energy demand but also a high number of weighted overheating hours of 
the dwelling. A greenhouse attached to the dwelling results in only a small reduction of the energy 
demand. A combination of a greenhouse to the dwelling and extra insulation of the 
walls is necessary to the energy demand significantly. Still, the performance in terms of 
energy demand and indoor climate of greenhouse renovation is less than that of the 
passive house renovation. Nevertheless, the extra floor area can make greenhouse renovation an 
attractive option for the indiVidual owner of a freestanding seventies residence. 
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1. IntroductIon 
In this chapter an introduction to the topic of this research is presented, as well as the objectives, 
followed by the research question and the derived questions. Subsequently, a short overview of the 
research plan and approach are presented. Finally, the outline of this report and the results are 
described. 

1.1 Background 

Building sustainably continues to become more and more important, not only for new buildings but 
for renovation as well. Over the past decades several concepts have been developed to reduce the 
environmental impact of a building. A fairly new concept is the greenhouse residence concept 
(Dutch: kaswoning). This is a combination of a normal building and a greenhouse. Different versions 
of greenhouse residences have been built, for instance in the Netherlands (Culemborg and Almere), 
in Germany, Sweden, France and in Japan. Architects of the greenhouse residences in Culemborg 
claim that the greenhouse functions as a buffer between indoor and outdoor environment and 
therefore a greenhouse residence has a very low energy demand and a pleasant indoor climate [2] . 
Extra space for living due to the indoor terrace, light and openness, no weather influences on the 
materials of the shell of the residence, fairly maintenance free and cheap construction are 
mentioned as other advantages of the greenhouse residence [2] . To the knowledge of the author, 
the greenhouse residence concept has been used solely for newly built residences, but is it also a 
feasible option for renovation? This study considers feasibility in terms of energy demand reduction 
of the dwelling, indoor climate of the dwelling and number of usable hours of the greenhouse. Other 
aspects concerning the feasibility of a greenhouse for renovation are not taken into account. 
For the coming decades in the Netherlands the renovation of 6.5 million residences is planned and 
thus the question of how the energy demand can be reduced substantially is important [1] . A type of 
residence for which renovation according to the greenhouse residence concept could be a realistic 
option is "the freestanding seventies residence" . There is enough space for the greenhouse and 99% 
of these residences are privately owned [1]. There are about 144,000 large freestanding residences 
which have been built in the period between 1966 and 1988 [1] . A major fraction of these residences 
have been improved energetically, adding insulation and crack sealing. The gas heater has been 
replaced by a (high efficiency) central heating system, which has led to higher comfort but also to 
higher energy demand [1] . This is caused by the central heating system which is used to heat the 
upper floors as well. To reduce the heating energy demand, renovation of these residences is 
necessary. 
For renovation in general, several options are available. The passive house concept is one of these, 
but also renovation according to the guidelines of SenterNovem is an option . Whether or not the 
greenhouse residence concept is another feasible alternative is still uncertain. 

1.2 Objectives 

• Indication of the impact of a glass capping over the 1970-ties freestanding residence on the 
energy demand and indoor climate of this residence. 

• Indication of the impact of a greenhouse attached to respectively the north, east, south and 
west fa<;ade of the freestanding 1970-ties residence on the energy demand and indoor 
climate of the this residence. 

• Comparison of the performance in terms of energy demand and indoor climate for the 
renovation options for a freestanding seventies residence: 

Renovation according to the greenhouse residence concept 
Renovation according to the passive house concept 
Renovation according to the SenterNovem guidelines for renovation. 
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.. Sensitivity of the nn\,,,,r<,n greenhouse residence for 

1.3 Research 

The main 
Is the greenhouse rp':In.>nr'., 

residence? 
a feasible option for renovation a freestanding seventies 

Feasibility in terms of energy demand reduction of the dwelling, indoor climate of the dwelling and 
number of usable hours of greenhouse is considered. Other the feasibility 
a greenhouse for renovation are not taken into account. 

This question leads to the following derived questions: 
.. What are the for the indoor climate of the 
.. What is the capping on the energy and indoor climate of a 

freestanding seventies 
.. What is the impact a attached to respectively the north, south and west 

fa~ade of the 1970-ties residence on the energy demand and indoor climate of the 
dwelling? 

.. What is the in terms of energy demand and indoor climate of a detached 1970-
ties house renovated to the greenhouse residence 

.. What is the the renovated 1970-ties in comparison 
with a 1970-ties house which is renovated according to the SenterNovem 
respectively the house concept? 

.. How many hours a year can the greenhouse be used inside the 
greenhouse? 

.. What are the most sensitive parameters for a residence? 

1.4 Method 

To achieve the an overview of available literature is first, in which 
horticultural 

dwelling and 
Several 

an built residences is provided 
performance indicators 

are determined. phase of this 
case studies are defined and modeled with IES Virtual Environment. The third 
consists of an assessment of case with BREEAM. 

1.5 Outline of this report 

first chapter of this 
the research question and 
this report. It includes an 
greenhouses, renovation 
advantages and 

is 

van Velzen BSe 

an introduction to the topic research and provides 
A literature overview is in two of 

residences, information on horticultural 
indicators applicable to the and 

tool BREEAM. The third report provides 
results of these case studies. In section of this 

4 a BREEAM pre-assessment of the case 
of this research are discussed in the fifth 
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2. Literature overview 

This chapter describes the relevant information as available in literature. First, the methodology of 
this literature review is described. Subsequently the results per topic are presented. Paragraph 2.1 
provides an overview of several newly built greenhouse residences followed the horticultural 
greenhouse (2.2) behavior in terms of temperature, heating, cooling ventilation and climate control. 
Several renovation methods are described (2.3). Furthermore, the performance indicator for rating 
the sustainability of a dwelling and a greenhouse are defined and described (2.4). Finally, BREEAM 
and its advantages and disadvantages are discussed (2.5). The last paragraph (2.6) includes a 
discussion of the results of this literature review. 

This study started with a literature review. Information on several topics connected to greenhouse 
residences and renovation was collected. Library books, the internet and scientific papers are used 
as a source of information. First of all, information about greenhouse residences was researched and 
reviewed. Little information was available on this topic and the information related to sustainability 
of these greenhouses in terms of energy demand and especially indoor climate was very poor. 
Therefore information on the horticultural greenhouse was collected to gain more insight in the 
principle of operation of greenhouses. Furthermore, several renovation techniques were reviewed 
and a literature review of several performance indicators for rating the sustainability of buildings 
was done. 

2.1 Concept greenhouse residence 

A greenhouse residence (Dutch: kaswoning) is a combination of a dwelling and a horticultural 
greenhouse. Several greenhouse residences have been built. In practice the greenhouse can cover 
the dwelling partly or completely, or it can be attached to the dwelling. It is difficult to draw a 
straight line between a sunspace (Dutch: serre) and a greenhouse residence. The Dutch 'serre' is 
defined as a 'glass extension to a house'. A difference between a sunspace and a greenhouse 
residence is that the sunspace does not cover the dwelling while the greenhouse can cover the 
dwelling (partly or completely). However, the greenhouse can also be attached to the dwelling. 
Another difference is that a sunspace is mostly an extension of the living space on the ground floor 
while the greenhouse is often the same height as the fac;:ade and thus is often multiple levels high. 
In most cases the dwelling is ventilated with air from the greenhouse which reduces the energy 
consumption due to ventilation because the air in the greenhouse is pre-heated. Furthermore, most 
of the greenhouses have operable windows in the upper part of the greenhouse for natural 
ventilation. 
The greenhouse residence concept has been realized in several countries. This had led to various 
designs of the same concept. The designs do not only differ in shape and materialization, but also in 
the degree of sustainability. In the next paragraphs the realized greenhouse residences are 
reviewed. 

Culemborg 

In Culemborg (the Netherlands) three series of greenhouse residences have been built [2-4].These 
greenhouse residences are designed by Arjan Karssenberg and Peter Wienberg from the 
architectural firm 'KWSA' [2]. Their special interest for building sustainably, creating innovative 
solutions and the greenhouse as used for horticulture led to the idea of designing a greenhouse 
residence [2]. 
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As a location for the greenhouse residences, a district in Culemborg called Lanxmeer was chosen. 
The information in this section is a summary of reference [5]. Lanxmeer was planned to be a 
sustainable area in which living and working is combined. Due to the short distances between living 
and working, there will be less traffic. Furthermore the area is centrally located in Culemborg and no 
continuous auto routes cross this area. Parking spaces are located at the border of this area. 
In May 2002 the first series (figure 2.1), one row of 6 greenhouse dwellings, has been completed and 
in 2005 the second series (figure 2.2), a row of 5 dwellings and 2 workspaces, was built [3]. The 
residences of the first series are almost completely covered by the greenhouse and those of the 
second series have an adjacent greenhouse [2]. Preheated air from the greenhouse is used to 
ventilate the residence [2]. Furthermore the residences are very well insulated. Photovoltaic-panels 
are assembled on the greenhouse and solar collectors are applied for low temperature heating [2]. 
As regards to energy demand, the different sources give different values for the EPC of the first 
series of greenhouse residences: 0.5 [6], 0.51 [7], 0.55 [2], 0.69 [3]. For the second series 
SenterNovem claims an EPC value of 0.78 [3] while the architects claim 0.5 [8]. These dwellings are 
connected to a collective low temperature heating system for floor heating [2]. Furthermore they 
are equipped with a heat pump boiler for hot water and heat recovery is applied [2]. The third series 
of greenhouse residences has the same systems as the second series [2]. 
Reduction of the energy demand of the dwelling due to the greenhouse is mentioned as an 
advantage of the greenhouse. Furthermore it is claimed to be a valuable space which can be used as 
a hobby space, garden, terrace and so on [2-4, 7].The greenhouse is used as a semi-outside space 
[3]. Some of the residents cultivate vegetables such as tomatoes and marrows inside the greenhouse 
[4]. Other qualities of the greenhouse are the light and openness, extra living space and little 
maintenance of the dwelling due to protection of materials by the greenhouse [2]. 
For the dwellings, natural materials are used because the greenhouse protects the dwelling from 
rain and wind [7]. Table 2.1 displays the insulation values of the materials of the first series of 
dwellings. 

Table 2.1: insulation values of the first series of greenhouse residences [19] 

I Building compo,!ent I-;'sulatio_~ value (m2K/WJ _ 

Floor 4.0 
~----------------- -------------------------~ Walls 4.0 

Roof 4.15 

Glass (dwelling) 1.2 W/m2K (HR++) ~ ________ ~ __ ~ __ ~ ______________ -J 

Single glazing is used for the greenhouse [4]. This causes temperatures inside the greenhouse to rise 
approximately 3-5°C above outside temperatures [2-4, 7]. In order to keep temperatures inside the 
dwelling acceptable during the summer season, the doors and windows of the dwelling and the 
windows of the greenhouse are opened during the nights [2-4, 7]. Sun screens in the greenhouse are 
not necessarily according to the architects [3]. Nevertheless, at least 2 of the 6 greenhouses are 
provided with sun screens in the form of cloths or a parasol [4]. An automated system is installed to 
control opening the windows of the greenhouse [3]. It can be operated manually as well, however 
when it rains or when high wind speeds occur the windows are closed automatically [3]. 
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Figure 2.1: Greenhouse residences Cu/emborg, 
1st series {9} 

Almere 

Figure 2.2: Greenhouse residences Cu/emborg, 
2nd series {9} 

In the district Ide realiteit' in Almere plots of 20x20 m have been used as prize for a design contest. 
The information in this section is a summary of reference [10] . In 1986 a contest called 'Tijdelijk 
wonen' (English: temporary living) was organized by the foundation Ide Fantasie/. The winners of the 
contest were given a plot to build their design. One of the winning designs is the 'Amfibie' (figure 
2.3) from Flip Holvast and Dan van Woerden who designed a house based on a caravan. Normally a 
caravan is used only during the summer. However, to make it usable throughout the year they made 
a plastic, translucent, windproof capping covering the caravan. 
This greenhouse residence is conducted as a shed like building. The outer shell is composed from a 
framework of steal with transparent corrugated sheets. Unfortunately there is very little known 
about this project and there is no data on the indoor climate and energy demand of this building. 

Figure 2.3: The Amfibie in A/mere {lO} 

Germany 

In Knoblauchsland near Nurnberg in Germany a greenhouse residence has been built at the end of 
the 20th century. The information in this paragraph is a summary of reference [11]. The idea arose 
to build an open and young residence inside a typical local greenhouse. Number of floors and the 
slope of the roof were set by the government. Figure 2.4 and 2.5 display this greenhouse residence . 
A simulation of the indoor climate has been done to optimize the energy concept and for 
dimensioning the residence itself. Over the full length of the residence air valves have been installed 
at the first floor and the eaves. Shading on the outside is provided by a textile sunscreen which is 
mounted on the eaves and guided inside by metal strips. After a long period of warm weather, the 
temperature inside the greenhouse reaches outside temperatures [12]. During spring and autumn 
the floor heating system is only used when the outdoor temperature is relatively low [12] . Glass 
windows in the greenhouse are opened for a short period in the afternoon for ventilation [12] . 
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Figure 2.4 and 2.5: greenhouse residence in Germany [12J 

France 

In France a series of low-cost dwellings have been developed. The information in this paragraph is a 
summary of references [13-15] . First of all, a prototype has been developed which is shown in figure 
2.6. It consists of a plastic shell with a size of 12x9x6m which is normally used for greenhouses. This 
shell is built on a 2.7m high wall. Inside the shell two detached wooden structures are created for 
the living area. A large part of these structures can be opened. The outer shell is made of a plastic 
film with an inflatable and highly insulating double wall. During the winter the solar radiation is used 
for passive heating. During the summer an automated natural ventilation system and cloth 
sunshades are used to control the indoor climate. 

Figure 2.6: Prototype low-cost dwelling France [13J 

Second in this series of low-cost dwellings is the Latapie House in Floirac, figure 2.7 and 2.B, which 
has been built for a couple with two children. It is a rectangular house with a steel structure. The 
sheets on the street side of the house are made of opaque fiber-cement and on the garden side the 
sheets are made of transparent polycarbonate. The wooden space inside the transparent cover is 
insulated and heated and can be used during the winter months. During the summer months the 
east faced conservatory can be used for living [14]. It is equipped with ample ventilation panels to 
maintain a comfortable climate inside the conservatory during summer. The east and west side of 
the house can be opened optionally. 
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Figure 2.7: East side of Latapie House, Floirac [14J Figure 2.8: West side of Latapie House, Floirac [14J 

Third in the series of low-cost residences is the house in Coutras, displayed in figure 2.9. It is made of 
two horticultural greenhouses of 150 m2 each which consist of a metal frame with transparent and 
non-transparent polycarbonate sheets. Fifty percent of the walls can be opened. Smart technology 
regulates the indoor climate trough controlling the panels in the roof. In case of rain and wind they 
close automatically. 

Figure 2.9: Low-cost house in Coutras, France [15J 

Unfortunately there is no information in the indoor climate and the energy demand of these low
cost dwellings. 

Japan 

In Yamato-shi near Tokyo, Japan, a greenhouse residence has been built. The information in this 
paragraph is a summary of references [16-19] . It is designed by architect Koh Kitayama . This F3 
House as it is called is designed for a single male person. His wish was to have an as large as possible 
hobby space. Therefore all the living spaces are located in a box in the middle of a steel structure 
with glass panels. This box is as small as possible. On top of this box a terrace has been created . A 
garage for two cars is situated on the ground floor. Inside the greenhouse the temperatures during 
summer are almost the same as outside. Figures 2.10 and 2.11 display this greenhouse residence 
and figure 2.12 displays the traditional Japanese sunscreens used inside the house. 
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Figure 2.10 [20}, 2.11 [16} and 2.12 [20}: Greenhouse residence Yamato-shi, Japan 

2.2 Greenhouse (horticultural) 

The information in this section is derived from reference [21} unless indicated otherwise. 

Horticultural greenhouses are used for crop growth . Its main function is improving the (micro) 
climatic conditions for crop production. Greenhouse structures can differ widely. Most newly built 
greenhouses in the Netherlands are glass-covered . This is due to the high labor costs and the longer 
lifetime of the glass-covered greenhouses compared to the film-covered (plastic) greenhouses. Each 
year, 200-500 ha of glass-covered greenhouse is built in the Netherland and 15-20 ha of film-covered 
greenhouse is built . About 85% of these greenhouses are of the Venlo-type (figure 2.13) and 
approximately 10% of the wider span-type (figure 2.14). 

Figure 2.13: Venlo-type greenhouse [21} Figure 2.14: Wider span-type greenhouse [21} 

Temperature 

Optimal temperature for greenhouse crops lies between 15 and 30 DC. In the Netherlands heating is 
required during the winter due to low temperatures. During summer, high temperatures can be 
counteracted through ventilation and shading. However, sometimes the temperature can rise too 
much despite these measures. This is caused by high ambient temperature and high level of 
incoming radiation . Therefore cooling of the horticultural greenhouse is sometimes required. 
The energy demand of a greenhouse can vary between 10% and 30% of the annual production value. 
This makes it an important economic parameter for growers. Table 2.2 gives an overview of the most 
frequently used materials for covering a greenhouse and their U-values. 
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Table 2.2: U-values of a square greenhouse of 0.5 ha at a wind velocity of 4 m/s [21] 

Double PE film 6.0 

Heating 

Heating the greenhouse has advantages such as better control of cultivation, less variation in yield, 
earlier harvest, accelerating production and producing out of season, better control of diseases and 
availability of CO2 from combustion gasses. These advantages lead to an increase in production and 
quality which can make it economically feasible to heat the greenhouse. 
Convective heating is most commonly applied in greenhouses. Fast reaction time is the most 
important advantage of convective heating, but the uneven temperature distribution is a 
disadvantage. Heat (energy) storage systems are nowadays mostly used as energy source. During 
day time the heat is stored and during night it is used to heat the greenhouse. The energy is stored 
in the soil or in tubes which are filled with water. 

Cooling 

Lowering temperature inside the greenhouse is done in various ways: 

• Reducing the energy input from outside (shading compounds, screens, photo-selective 
filters) 

• Ventilation (forced or natural) 
• Removing heat by using mist installations: evaporative cooling (in combination with 

ventilation) 

• Removing heat through mechanical cooling (soil cooling, fan- and pad [22] cooling) 

• Removing heat via the air to a heat buffer storage 
Natural ventilation is the most applied method for cooling the greenhouse in cooler regions. 
Sometimes this is combined with roof sprinklers. The use of sun screens is dependent on the type of 
crops in the greenhouse. For sensitive crops it is common to apply screens. Screens are also applied 
for heat loss reduction during winter and cool nights. 
For tropical and subtropical regions, naturally ventilated greenhouses with ventilation areas of 15-
30% of total surface area in combination with coating which effectively reflect near infrared 
radiation during day and far infrared reflection during night are suitable throughout the year [23]. 

Ventilation 

In the Netherlands, a ventilation rate of 120m3Jm2h is necessary in a greenhouse with mechanical 
ventilation. 
Infiltration rates of several greenhouse constructions are displayed in table 2.3. 

Table 2.3: Air infiltration rate greenhouse constructions [21] 

Greenhouse constructi-on system - -- - Air Infiltrati0!l rate [h~L _ 

New construction, glass or fiberglass 0.75-1.5 
--------------~ 

New construction, double layer plastic film 0.5-1.0 

Old construction, glass, good maintenance 1-2 
--------------------~ 

Old construction, glass, poor maintenance 2-4 
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Figure 2.15 displays the influence of the ventilation rate on the temperature inside a greenhouse in 
Columbus Ohio [24]. The data is generated with an online simulation tool designed for greenhouses 
and the program is based on the energy and mass balance principles. N indicates the ventilation rate 
in h·1 with N=2 h- I equivalent only the infiltration. The average daily temperature in Columbus Ohio 
is about 23 DC [24]. 

Columbus, OH 
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Figure 2.15: Greenhouse air temperature for several ventilation rates [21J 

Several ventilation techniques have been compared by Fuchs et al. [25]. Opening opposite walls to 
generate a natural flow of air appears to be the most effective. However this method is dependent 
on wind speeds and it is only applicable for regions with regular wind speeds. Forced ventilation with 
exhaust fans has a low efficiency. For large multi-span greenhouses wind-induced ventilation is more 
effective than temperature-induced ventilation [26]. 

Climate control 

Controlling the climate inside the greenhouse can be done manually, electronically (thermostat) or 
more advanced by means of a climate computer. Advantages of the climate computer over 
electronic control, is the improvement of the learning process and the possibility of more complex 
control strategies. This allows optimization of the greenhouse climate control. Nevertheless, the 
most commonly applied method of climate control in greenhouses is a standard setting of the 
control system. This is best described as a static control system. Dynamic control systems, which 
continually control the entire greenhouse, are applied less often . 

2.3 Renovation 

Renovation of about 6.5 million residences in the Netherlands is required and planned for the 
coming decades [1]. One type of the residences which could be suitable for renovation according to 
the greenhouse residence concept is the large freestanding seventies residence . This residence is 
described in the first paragraph of this chapter. In addition, the most commonly used renovation 
measures will be described, followed by the passive house renovation method. Finally the potential 
of the greenhouse residence concept for renovation is explained. 

Large freestanding seventies residence 

A large freestanding house from the seventies has been chosen for this research because there is 
enough space for the greenhouse and 99% of these dwellings are privately owned. Therefore the 
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chance that the not least expensive renovation method is chosen is more likely if that method 
provides quality space. The large freestanding seventies residence is described by SenterNovem [1]. 
There are about 144,000 of these dwellings in the Netherlands. The energy consumption and 
management of most of these dwellings has been improved over the past decades. Table 2.4 
displays an overview of the insulation values for the original state, the current state and the 
improvement possible by renovating these residences [1]. 

Table 2.4: properties seventies residence [1] 

\
------~--- 2-~·~·---~-

_ R~vaJu_e fm K/W] I ___ i_ '. _ 

Building part Original Current Improved 

Ground floor 0.15 0.65 2.65 .. 

Roof 0.39 1.30 1.30 

Walls 0.36 1.36 2.11 

Windows U = 5.10 W/m2K U = 3.10 W/m2K U = 2.00 W/m2K 

The average floor area of the seventies residence described by SenterNovem is 182.7 m2. Figure 2.16 
displays three pictures of this type of dwellings. 

Figure 2.16: seventies dwellings [1] 

Standard renovation measures 

During the last decades no complete renovation method has been used to improve existing 
dwellings. In most cases the building elements which needed maintenance have been replaced or 
renovated. An integral renovation method for dwellings has not been developed [27]. 
With regard to the seventies residence, the renovation so far exits of the replacement of the single 
glazed windows by double glazed windows, extra insulation in the floor, walls and roof and crack 
sealing. Furthermore, a central heating system has been installed. These measures have lead to a 
lower heat loss due to infiltration but the ventilation strategy of these dwellings has not been 
adapted. Poor indoor air quality and moisture problems are often the result of these measures. 

Passive house renovation 

Passive house renovation is fairly new in the Netherlands, but in Germany it is longer applied. This 
concept focuses on minimization of energy consumption through super insulation and crack sealing, 
in combination with a balanced ventilation system with heat recovery. Passive heating of the 
dwelling with solar energy often is also a key aspect of this concept. The material properties of a 
passive house are displayed in table 2.5. The dwelling is oriented south-east / south-west. 

Table 2.S: properties passive house 

Walls 

Floors 

Roof 

Windows 
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6.5 

5.0 

6.5 

0.55 - 0.85 W/m 2K (HR++) 
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For a dwelling to as a passive house it needs to meet the following targets [28]: the 
specific heat demand be less than 15 kWh/m2 per year (25 kWh/m2 for renovation), or the 

load should than 10 W /m2
. Furthermore, the infiltration rate should not surpass 0.6 

(at 50 Pal and entire specific primary energy demand should not surpass 120 kWh/m2 per 
year (including electricity). Renovating a old house in is meets these 
passive house is not easily done. A thick of insulation is to reach the 
high insulation values of the walls. This is at space. Furthermore, 
technically it is difficult to reach renovation. These are 
both important for renovation, 

and disadvantages. paragraph is a 
less energy heating is needed for dwelling due to less 

which comes with the thick insulation is that no outdoor noises are 
inside the however, the super insulation can cause during summer. 

Secondly, inhabitants are expected to behavior because are no convectors, 
sometimes warmer is needed and windows not be opened summer 
situations. Thirdly, solar energy used for is very clean, but of some 
materials to capture, amplify and stock the solar energy is a considerable environmental load. In 
summer, thermal solar do entirely cover needs in solar hot water if users adapt 
their behavior, but in winter don't cover thermal demand completely, commanding the 
need for an extra heat source. 

Greenhouse residence renovation 

The greenhouse residence concept could be a option for the renovation of a freestanding 
seventies house. But very little is known about the of greenhouse even 
less is known about feasibility of the greenhouse residence concept for renovation. 
The greenhouse is to function as a buffer between the inside and outside space, therefore it 
could reduce the energy demand of the dwelling Furthermore, extra space for living 
due to the indoor and openness, no influences on the of the shell of 
the residence are of the greenhouse [2]. Finally, the fairly maintenance free 
and cheap construction to the extra square meters could make greenhouse an 
attractive option renovation. 

2.4 Performance indicators 

methods have been 
important aspects of 

I power 

building sustainably is 
to assess the sustainability 

will be discussed: energy 

increasingly 
dwellings. In this 

and indoor climate. 

Netherlands, an assessment energy demand with EPe (Dutch: 
energie prestatie is obligatory and the score should 0.8 or less [30]. Furthermore, two 
commonly used performance indicators for the energy consumption of a building are annual 
heating/cooling energy demand and the peak heating/cooling power demand. 

The annual heating demand a good indication of energy efficiency of a 2.6 
displays the heating demand per square meter per year of different types of dwellings. 
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Table 2.6: Heating demand of several type of dwellings [1, 31, 32J 

i Dw~"lng ._ ...... - ..... - Heating dema~J~~~ftn!y~] 

Newly built residence (SenterNovem) 

Seventies residence: original state 

Seventies residence: current situation 

Passive house (newly built) 

Passive house (renovation) 

64 

256 

130 

< 15 

< 25 

20th July 2010 

The peak heating power demand gives an indication of the maximum system capacity needed for 
heating the dwelling. This will also be used as a performance indicator for the dwelling. No cooling is 
applied. 

Indoor climate 

Indoor climate of dwellings (in the Netherlands) can be assessed with several performance indicators 
such as the overheating hours (TO)[33], weighted overheating hours (GTO)[33, 34] and the Predicted 
Mean Vote (PMV) [35]. These performance indicators are designed to assess the indoor thermal 
climate and described in some detail below. 
Thermal sensation outdoors is perceived differently than indoors and therefore these performance 
indicators are not applicable to outdoor settings [36] . The greenhouse part of the dwelling is 
considered as a semi-outside space [3], therefore it requires a performance indicator which is 
suitable for outdoor climate. Physical Equivalent Temperatures (PET) is an index based on the 
Munich Energy-balance model of the human body [37] and is applicable for outdoor conditions. 
Furthermore, performance indicators like the perceived temperature, wind chill equivalent 
temperature and apparent temperature can be used to rate the outdoor conditions but they have 
some disadvantages. The perceived temperature is based on Fanger and thus is only valid for a 
steady state situations, the wind chill equivalent temperature does not take into account radiation 
and the physiological processes in the body, and the apparent temperature is not suited for 
assessing summer radiation days [38]. Therefore these performance indicators are less suitable for 
assessing the performance of the greenhouse than PET. 

Overheating hours (TO) and weighted overheating hours (GTO) 

In 1979 the overheating hours (TO) concept was developed by the Government Buildings Agency 
(GBA) as a starting point for assessing indoor climate conditions in office spaces of new building [33]. 
It is based on the PMV index (see below) and it determines that a 'good' indoor climate may not be 
exceeded for more than 10% of the working hours (9-18h). TO limits for the temperature in office 
buildings are a maximum of 100 hours above 25°C and 10-20 hours above 28°C [33]. For dwellings 
the upper limit of the TO is PMV > +0.5 (-0.5 < PMV < +0.5 means thermal neutrality) for a maximum 
of 300 hours because dwellings are often used more hours a day than office buildings [39]. 
In 1991 the weighted overheating hours (GTO) was developed to reduce the difference in actual 
climate between light and heavy buildings. The GTO takes into account the extent of excess 
temperatures. This means for example that an exceeding of the limit with 2 degrees for one hour 
weights as 2 GTO hours instead of one and an exceeding of 3 degrees as 3 GTO hours and so on. A 
maximum of 150 GTO is recommended for office buildings [33]. For dwellings no maximum GTO is 
recommended. 

Predicted Mean Vote (PMV) 

This thermal comfort index is based on the comfort equation of Fanger [35] and it is designed for 
indoor situations [33]. It predicts the mean value of votes on a 7-point thermal sensation scale [35]. 
For outdoor situations, the PMV index tends to overestimate discomfort [36]. A study by 
Nikolopoulou et al. supports this through providing the percentage frequency distribution for the 
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theoretical PMV and Actual Sensation Vote (figure 2.17) [40]. This examination was performed 
outdoors during spring, summer and winter . 

. .. ·· ····60 · 

---.~;t~ · · · · ·· ·· ···1 
Vote I 

-Actual 
Sensation 
Vote 

-- -- -
-9 -8 -7 -6 -5 -4 -3 ·2 ·1 0 1 2 3 4 5 6 7 8 9 

Figure2.17: Percentage frequency distribution for theoretical Predicted Mean Vote and Actual 
Sensation Vote [40] 

Physiological Equivalent Temperature (PET) 

Physiological Equivalent Temperature (PET) is an index which is based on the Munich Energy-balance 
model for Individuals (MEMI) [37] . In this model, all relevant meteorological parameters, behavioral 
characteristics and body measurements are considered [41]. PET is applicable for indoor situations 
as well as outdoor situations. 
"PET is defined as the physiological equivalent temperature at any given place (outdoors or indoors) 
and is equivalent to the air temperature at which, in a typical indoor setting, the heat balance of the 
human body (work metabolism 80W of light activity added to basic metabolism; heat resistance of 
clothing 0.9 clo) is maintained with core and skin temperatures equal to those under the conditions 
being assessed" [37]. Table 2.7 gives an overview of the PET values for several scenarios. Tmrt is the 
mean radiant temperature . 

Table 2.7: PET values for several scenarios [37] 

T pical room 21 21 0.1 12 21 

Winter, sunny -5 40 0.5 2 10 

Winter, shade -5 -5 5.0 2 -13 
Summer, sunny 30 60 1.0 21 43 

Summer, shade 30 30 1.0 21 29 

For this research PET is used to give an indication of the comfort inside the greenhouse. It is 
expressed in degree Celsius. From the Physiological Equivalent Temperatures the GTO will be 
calculated for comparison of the performance of the different greenhouse variants. 
The clothing (short: clo) values of the PET calculation are adapted to the season. For winter situation 
a clo value of 1.5 is used (outdoor winter clothes), for summer situation this is 0.5 (light summer 
clothes). During spring and autumn a clo value of 1.0 (typical winter indoor clothing) is applied. This 
is done to give a more correct indication of the number of hours the greenhouse can be used over 
the year. 

2.S BREEAM 

The rating tool BREEAM (building research establishment environmental assessment method) rates 
the building from pre- to post-construction stages. There are several versions of BREEAM which are 
adapted to specific building types like courts, sustainable buildings, healthcare, industrial buildings, 
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multi-residential buildings, existing buildings etc. [42]. Table 2.8 displays which aspects are taken 

into account and the respective weighing factors. The energy aspect and health and wellbeing have 
the highest weighing factor which means that these aspects are considered the most important in 
sustainable building design by BREEAM. Water and waste are considered as least important. 

Table 2.8: Aspects taken into account and weighing factor for BREEAM [43] 

Aspect Maximum score · Weight factor (-) 

Management 20 0.12 

Health and wellbeing 15 0.15 

Energy 25 0.19 

Transport 11 0.08 

Water 8 0.06 
t--

Materials 15 0.125 

Waste 6 0.075 

Land use & ecology 9 0.10 

Pollution 11 0.10 

For each aspect a maximum amount of points can be obtained. The total number of points obtained 
by a building determines which BREEAM rating the building receives. Table 2.7 displays which ratings 
exist and which percentage of the score is needed to obtain a certain rating. 

Table 2.7: BREEAM certificates and corresponding percentage of the score [43] 
- ----

BREEAM rating % sC9re I 

Unclassified :s; 30 

Pass ~ 30 

Good ~45 

Very good ~ 55 

Excellent ~ 70 

Outstanding ~ 85 

Advantages and disadvantages 

Advantages 

• Robustness is taken into account [43] 

• Reliability is good [43] 

• Comprehensiveness is very good [43,44] 

Disadvantages 

• Takes more time than EPN (Dutch regulation: Energie prestatie coefficient) but is also more 
extended [43] 

• Quite complex tool [45] 

• Quite expensive to use [43-45] 

2.6 Discussion 

In this chapter the results from the literature study and their meaning for the greenhouse residence 
renovation are discussed . First of all the greenhouse residence concept is addressed followed by the 
horticultural greenhouse. Subsequently the renovation methods are discussed followed by the 
performance indicators. Finally BREEAM is discussed . 
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2.6.1 Concept greenhouse residence 

new greenhouse residences have been built so far. This has to date not used 
renovation. The built greenhouse residences differ in location, shape, materialization, 

sustainability functions included. Furthermore, the dwelling can completely 
or partly by the greenhouse. From these newly built greenhouse no 

conclusions can be drawn with regard to of different orientations and of the 
greenhouse. Nevertheless, the influence of the orientation the greenhouse is to be 
significant and in view of inherent limitations to be considered when using this for 
renovation purposes. 
Low energy demand of the dwelling due to the greenhouse is claimed as an advantage [2, 5, n but 
there is too little information available to verify this. 

Horticultural greenhouse 

Although the horticultural greenhouse has a function greenhouse attached to a 
dwelling, a lot can be learned the construction, use and behavior horticultural greenhouses. 
First of all, a glass cover for is favorable in the Netherlands compared to film-cover 

labor costs. An important difference between the horticultural greenhouse and the 
one to a dwelling is that the first one is heated during winter and (sometimes mechanically) 
cooled during summer while the latter one is not mechanically heated or cooled in most cases. This 
leads to more extreme temperatures in the greenhouse attached to the dwelling (temperatures 
horticultural greenhouse Cooling by means of (natural or ventilation is used in 
horticultural greenhouses and is necessary for the greenhouse to the dwelling as well. 
Controlling horticultural through a standard setting of the control system is most 
commonly applied and is also sufficient for a greenhouse attached to a dwelling. The advantages of a 
more control system for the horticultural greenhouse are not relevant for the greenhouse 
attached to a dwelling. 

2.6.3 Renovation 

There are 144,000 large residences from between 1966 and 1988. Most of these have 
been improved over the years, but further renovation is needed. A non-integral 
approach often leads to poor indoor air quality and moisture problems. Passive house renovation is 
an integral approach which aims at minimizing the energy consumption through super insulation. 
Disadvantages of this concept are that change of user behavior is necessary and the risk of 
overheating during summer . Greenhouse residences have been built, but very little is known on 
the greenhouse residence for renovation. it is difficult to an indication of 
performance of this concept. the of extra space living makes it a very 
attractive for renovation compared to the concepts. Accordingly, the performance of 
the residence for renovation is a very interesting topic and thus the topic of this 
research. 

2.6.4 Performance indicators 

The annual heating energy demand and peak power demand are commonly used 
performance indicators for and other types of buiidings. Therefore these two performance 
indicators will be used to rate dwelling in terms of energy and power demand. 
For the indoor climate of the dwelling GTO will be used as a performance indicator because it is 
expressed as one value which makes it easier to compare the performance of the different rn,,,"oni'C' 

than the PMV index. Furthermore GTO takes into account the extent of excess temperatures which 
is not taken into account by TO. 
Due to fact that outdoor thermal sensation is perceived differently from indoor thermal 
sensation, a different indicator is applied for the greenhouse than for the dwelling. PET 
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can be applied to outdoor situations as well as situations and it takes into account all relevant 
meteorological parameters, behavioral and body measurements. Therefore GTO of 
the greenhouse will be calculated from the PET values. The performance of the greenhouse will be 
related to the GTO values of the outdoor environment. 

2.6.5 BREEAM 

Energy and health and wellbeing are 
BREEAM because have the highest 

the most important of a dwelling by 

considered less 
demand 
less by the 

Aspects like water, waste 
When renovating a seventies residence with a 
are affected the most. Water usage, waste and 

renovation method. 

are 
the energy 

are influenced 

BREEAM are that the robustness is taken into account, reliability is good and the 
is very On the contrary, it is very time consuming, complex and 

To what extend BREEAM is applicable for rating the 
residence is not from this literature review. 

2 .. 7 Conclusion 

Little information is available on the performance 
demand and indoor climate. Therefore, it is 

residences energy 
an indication what orientation and 

shape of the would be a good study. 
From the horticultural 

A large freestanding seventies residence is suitable for renovation according to the 
residence there is enough space greenhouse. Renovation 
passive house renovation and Senternovem renovation can applied as well. Which 
renovation options performs best is topic of study and is addressed in the next 
From this literature review use the are 
indoor PET for people to use In 
this study the usability of the greenhouse is in the number of usable Furthermore, 
the weighted are as a performance For the 
dwelling the hours is used as a performance indicator for the indoor climate. 
The upper limit is 26"C. 
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3. Simulations 
This chapter describes the simulation part of this study. In 3.1 the methodology is described, along 
with the models used, the input properties of the models are explained, followed by the 
performance indicators. Finally, the method used for the sensitivity analysis is presented. The 
second paragraph (3 .2) contains the results of the simulations. This section starts with the energy 
topic followed by the indoor climate . Subsequently the results of the sensitivity analysis are 
presented. The last paragraph (3 .3) of this chapter discusses the results of the simulations. 

3.1 Methodology 

IES Virtual Environment is used to perform case studies because it is available and it was tested for 
spaces with high glass percentage. In total, 10 case studies are performed. First of all, the newly built 
residence is modeled and calibrated in IES (figure 3.1 and 3.2). This residence is defined by 
Senternovem [32]. Subsequently the thermal properties of the shell are changed to those of a 
seventies residence, as also defined by Senternovem [1]. This configuration is the starting point for 
the modeling of 3 different renovation methods: 

1. the passive house standards [28] 
2. a renovation described by Senternovem [1] 
3. renovation using a greenhouse. 

Prior to defining the final greenhouse design, 5 case studies of greenhouses attached to or covering 
the seventies dwelling are investigated. These case studies provide information on the performance 
of the greenhouse residence as a function of orientation and shape. On the basis of the results of 
these case studies the final design for the greenhouse renovation has been chosen. This selected 
greenhouse residence is improved by means of shading of the greenhouse and insulation for the 
dwelling. 

Figure 3.1 : north (short) and east (long) fa~ade Figure 3.2: south (short) and west (long) facade 

Greenhouse options 

Five greenhouse renovation options are modeled and studied . These options consist of a greenhouse 
attached to or covering the seventies dwelling. No additional renovation measures are included in 
this study. Firstly, a greenhouse that completely covers the dwelling is modeled. Successively, a 
greenhouse attached to respectively the south, north, east and west fac;:ade of the dwelling is 
simulated. These models are displayed in figure 3.3. Appendix F includes the details of these models. 
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Option 1: complete Option 2: south Option 3: north Option 4: east Option 5: west 

Figure 3.3: greenhouse options 

Improved greenhouse 

Based on the results for the above described greenhouse options one option is chosen to improve. 
The greenhouse completely covering the dwelling has the most usable hours, but the number of 
weighted overheating hours of the dwelling is extremely high . The greenhouse on the south fa~ade 
of the dwelling has the highest amount of usable hours after the completely covering greenhouse 
option and extra insulation of the other facades in combination with the south facing greenhouse 
has the lowest energy demand of all four attached greenhouse options. Therefore the south 
attached greenhouse was chosen for further optimization (see results §3.2). Shading is applied to 
the roof and the south fa~ade of the greenhouse to minimize overheating of the greenhouse and the 
dwelling. To the east and west fa~ade of the greenhouse no shading is applied to maintain the view 
and to maximize daylight. Extra insulation is applied to the north, east and west fa~ade of the 
dwelling. The specifications of this model are presented in appendix G. 

Dwelling 

Greenhouse 

, 

t N Greenhouse 

_ Extra insulation 
Rc-value walls = 2.11 m2KJW 
U-value windows = 2.0 W/m 2K 

Shading roof 
White conon curtain 
Shading coefficient = 0.54 

- Shading south fac;ade 
White conon curtain 
Shading coefficient = 0.54 

Figure 3.4: renovation measures improved greenhouse 

Thermal properties 

No cooling is provided for the dwelling and the greenhouse. The heating profile used for the dwelling 
is derived from I\JEN5128 (see appendix A) [46]. The greenhouse is not heated. Shading is applied to 
windows on the south and west side of the dwelling from May up until September. In case a 
greenhouse is attached to the fa~ade of the dwelling then shading is not applicable to that specific 
fa~ade . Therefore the improved greenhouse residence has only shading on the west fa~ade of the 
dwelling. Furthermore shading is applied to the roof and south fa~ade of the greenhouse from May 
up until September. Infiltration of the newly built residence and the seventies residence is 1.0 h· i 

[32] and for the passive house 0.4 h·i [31] . The climate file used for all the simulations is 'de Bilt, 
Netherlands'. Table 3.1 presents the properties which vary per case study. 
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Table 3.1: case studies 

Rc-value walls [m2K/W] 3.8 1.36 8.9 2.11 South: 1.36 
Other: 2.11 

Rc-value ground floor 3.8 0.65 8.9 2.65 2.65 

[m2K/W] 

Rc-value roof [m2K/W] 5.0 1.3 8.7 1.3 1.3 

U-value windows 1.8 3.1 0.7 2.0 South : 3.1 
[W/m2K] Other: 2.0 

Infiltration [ac/hr] 1.0 1.0 0.4 1.0 1.0 

Heat recovery No No Yes (90%) No No 

Information in B ( E 0 G 
appendix: 

Ventilation strategy 

Natural ventilation of the dwelling is provided by windows that can be opened and is applied to all 
the case studies except for the passive house renovation. These are the red marked windows in 
figure 3.5. In case the temperature is above 22.5 O( and the outside temperature is lower than inside 
these windows are opened. A temperature of 22.5 O( was chosen in order that the heating system 
will not turn on when the windows are open. For dwellings with an attached greenhouse the outside 
air is used for ventilation of the dwelling to prevent overheating of the dwelling during summer. 
Therefore the windows than can be opened on the side of the greenhouse are displaced to the 
opposite wall of the dwelling. The passive house is mechanically ventilated . A minimum air supply of 
0.7 dm3/m 2s is applied [47] . 

west fa~ade north fa~ade 

o 

ISJ 

east fa~ade 

Figure 3.5: views dwelling (red marked windows can be opened) 

south fa~ade 

Ventilation of the greenhouse is also provided by windows that can be opened. The windows are 
located in the upper part of the roof and in the lower part of the walls on the east and/or west side. 
Red marked parts of the roof and walls in figure 3.6 designate the windows that can be opened. 
These windows are opened in case the temperature inside the greenhouse is above 21 O( and the 
outside temperature is lower than the inside the greenhouse, or in case the temperature inside the 
greenhouse is above 24°C. 

Option 1: complete Option 2: south Option 3: north Option 4: east Option 5: west 

Figure 3.6: greenhouse options (red marked windows can be opened) 
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Performance indicators 

The energetic performance of the dwelling is assessed by the annual heating energy demand and the 
peak heating power demand. 
Indoor climate is measured by the number of weighted overheating hours. For the dwelling the air 
temperature and mean radiant temperature are weighted [48] (appendix H) and from this 
temperature the GTO is calculated. Since the dwelling is heated, only the upper temperature limit is 
'regarded. The Physiological Equivalent Temperature (PET) parameter is used to calculate the 
number of weighted overheating hours for the greenhouse. Appendix I presents information on the 
calculation of PET from the IES results. Limits for indoor temperature are derived from NEN 15251 
[34] . The lower limit is 20·e and the upper limit is 26·(' 

Sensitivity analysis 

The purpose of this sensitivity analysis is to acquire an indication for which design parameters are of 
highest influence on the energy demand and indoor climate. The sensitivity of the improved 
greenhouse residence is examined by a one-factor-at-a-time (OAT) method. Next to being a more 
straightforward and more swift method [49], it also allows to extract the influence of a single 
parameter without mistakenly attributing effects observed in the modeling and sensitivity analysis to 
this parameter. Offsetting these advantages in this method is that interdependence of the various 
parameters is not extracted from the results. 

Table 3.2 lists the design parameters which are expected to be of significant influence on either the 
energy demand of the dwelling, the weighted overheating hours of the dwelling or the weighted 
overheating hours of the greenhouse. The sources in the left column of the table are other studies in 
which the specific parameter appeared to be of significant influence on energy demand or indoor 
climate. The best practice values correspond to the values that are used for the improved 
greenhouse case. Furthermore, a minimum (1970-ties residence properties) and a maximum value 
(Senternovem renovation properties) are displayed. The Rc-value and the U-value of the glass of 
only the north, east and west fa<;:ade of the dwelling is varied because the greenhouse is attached to 
the south fa<;:ade and therefore it is assumed that no extra measures are applied to the southern 
wall. Appendix J displays an overview of the values used for the simulations. 

Table 3.2: Important parameters for energy demand and overheating hours 

Infiltration dwelling [50-52] 1.0 [1] 0.5 [31] 1.5 1 [53] 

Rc-value walls (north, east, west) 2.11 [1] 1.36 [1] 2.11 [1] 

U-value glass dwelling (north, 3.1 [1] 3.1 [1] 2.0 [1] 
east, west) 

Internal gains [50, 51, 54, 55] Profile NEN5129 [46] Profile -50% Profile + 50% 

ZTA (g-value) dwelling [52] 0.70 [55] 0.4 [55] 0.85 [55] 

Set-point heating [51] Profile NEN5129 [46] Profile -l·e Profile +l·e 
1--' 

Glass surface % [52, 55] 21% [1] 11% 31% 

Shading percentage greenhouse Roof + south fa<;:ade 0% 100% 

Shading coefficient greenhouse 0.54 2 0 0.83 3 

U-value glass greenhouse [50] 5.8 5.8 2.0 [1] 

Orientation greenhouse [0 from 180 0 360 
north] [52] 

ZTA (g-value) greenhouse 0.82 0.40 [55] 0.85 [55] 
1. Maximum of 200 dm 3/s per 500 m 3 building volume 
2. White cotton curtain 
3. Venetian blind 
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Figure 3.7 displays the method that is used for the sensitivity analysis in this study. For comparison, 
figure 3.8 displays the Morris OAT method. This method uses a changing base case instead of a fixed 
base case. For this study the method of figure 3.7 is used because processing the results of this 
method is more quickly than for the Morris method. 

1 

f--....... - - -- - - - .- - - -

Min Max 

f--Infiltration ----7 
Figure 3.7: OAT method 

1 
, , , , , 

f--... -- --- - ~- -----, , , , , 

Max 

f-- Infiltration ----7 
Figure 3.8: Morris OAT method 

A step size of 4 is used (p=4) . The values between the minimum and maximum value are calculated 

according the formula : ~ = 1 /(p -1) . Four randomly chosen base cases are created by means of a 

random number generator. Each parameter is changed one step up or down from the base case. The 
change in output compared to the base case gives an indication of the effect of the individual 
parameter on the performance indicator. Appendix K displays an overview of the simulations that 
are performed. In total, 52 simulations are performed (4*(n+1) with n=12). 

3.2 Results 

This paragraph describes the results from the simulations with IES. Firstly, the results for annual 
heating energy demand and the peak heating power demand are discussed. Secondly, the indoor 
climate of the dwellings is reviewed, followed by the indoor climate of the greenhouses. 

3.2.1 Energy I power 

A comparison of the energy and peak power demand of the greenhouse options and the seventies 
residence is presented in figure 3.9. The greenhouse completely covering the dwelling scores the 
lowest on energy and power demand. Both the infiltration and ventilation air are preheated due to 
the complete cover of the dwelling. Furthermore the greenhouse works as an extra insulation layer. 
This greenhouse reduces the annual heating energy demand of the seventies residence with 37%. 
The greenhouse on the west side scores the second best, reducing the energy demand with 17%. 
High solar influx and the relatively small volume (130 m3 instead of 211 m3

) of the west oriented 
greenhouse causes the air temperature and thus the temperature of the infiltration air to rise 
quickly. Furthermore the area of the wall that is covered (and benefits extra insulation) by this 
greenhouse is higher than for the south and north oriented greenhouse. 
The residence with a greenhouse on the east side has higher energy consumption than the north 
configuration. This is causes by the shape of the greenhouse. The greenhouse on the north side is 3-
storey high wh ile the greenhouse on the east side is only 2-storey high. Therefore the ventilation air 
from the upper floor of the dwelling with east (and also west) oriented greenhouse is not preheated. 
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Figure 3.10 presents the annual heating energy demand and peak heating power demand for the 
seventies residence, newly built residence and the renovation options. The peak in power demand 
occurs at February 13lh at approximately 7.30 am. This peak is caused by very low outdoor 
temperature in combination with an increase of the heating set-point at 7.00 am. As expected the 
seventies residence has the highest annual heating energy demand and the highest peak heating 
power demand because it is poorly insulated. The passive house renovation scores the best on 
energy and power demand, equivalent to a reduction of the energy demand of the seventies 
residence by 83%. This is due to very high insulation of the dwelling and low infiltration. According to 
the passive house standard the annual heating energy demand of the passive house renovation is 
less than 25 kWh/m2. The newly built residence scores the second best on energy and power 
demand. Second best of the renovation options is the greenhouse renovation. This option reduces 
the energy demand of the seventies residence with 47% which is more than Senternovem 
renovation (37% reduction). Preheated infiltration air from the greenhouse explains this difference 
in energy demand of the dwelling. The peak heating power demand is approximately the same for 
Senternovem renovation and greenhouse renovation. 

Energy I power demand 
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Senternovem renovation 
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Figure 3.10: energy / power demand: newly built residence, seventies residence and renovation 
options 
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3.2.2 Indoor climate residence 

The weighted overheating hours for the dwellings with attached or covering greenhouse are 
displayed in figure 3.11. A greenhouse completely covering the dwelling results in a high number of 
weighted overheating hours for the dwelling. The least overheating hours is achieved for the 
dwelling in combination with a north facing greenhouse, as expected from the orientation of the 
greenhouse. East and west facing greenhouse residences are comparable in terms of the weighted 
overheating hours of the dwelling. The weighted overheating hours of the dwelling with south facing 
greenhouse is the highest of all attached greenhouse options, but still significantly lower than the 
option with a greenhouse completely covering the dwelling. 
The high GTO of the complete greenhouse is caused by the greenhouse functioning as an extra 
insulation layer for the complete dwelling. Furthermore, part of the night radiation of the dwelling is 
blocked by the greenhouse covering the roof which causes the dwelling to cool down slower than 
without greenhouse. The attached greenhouse does not cover the roof of the dwelling and thus 
effect of the insulation and blockage of night radiation is smaller. 

Weighted overheating hours dwelling 
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3. Greenhouse north 
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1~1 ftOOf 2ndf""" )1111100< 

Figure 3.11: Weighted overheating hours dwelling: greenhouse options 

Figure 3.12 displays the temperature variation of the ground floor of several dwellings over a warm 
day followed by a cooler day. The temperature of the passively renovated dwelling is least affected 
by the external temperature change. On warm days it is lower than the temperature of the other 
dwellings. However, on cooler days it is warmer inside the passively renovated dwelling than inside 
the other dwellings. 
The temperature inside the seventies residence rises quickly when the outdoor temperature rises 
and it also lowers quickly. The temperature inside the Senternovem renovated dwelling, the 
improved greenhouse residence and the newly built residence is a little less sensitive to outside 
temperature variation than inside the seventies residence. Therefore, on cooler days the 
temperature inside the seventies residence descents more quickly than inside the other dwellings. 
The fact that the temperature inside the dwellings is higher than outdoor air temperature can be 
explained by the fact that the days displayed are preceded by some very warm days. Furthermore, 
the radiation flux causes the indoor temperature to rise above the outside air temperature . 
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Weighted overheating hours for the dwellings are presented in figure 3.13. The first floor of all 
dwellings has the most weighted overheating hours because of the high glass percentage compared 
to the other floors. Furthermore, the heating set-point of the first floor is higher [46] (heating set
points: appendix A) and therefore the temperature of the first floor decreases less on relatively cool 
days. 
The seventies residence has the least weighted overheating hours. Due to low insulation values the 
temperature inside the dwelling rises quickly in case of high outside temperatures but it also drops 
quickly in case of low outside temperatures. 
Second best on the GTO performance indicator scores the passive house renovation . High insulation 
values in combination with smart ventilation and low infiltration results in relatively stable indoor 
temperature. Furthermore, a low ZTA value (g-value) of the windows results in low solar gain 
compared to the other dwellings. Therefore the temperature peaks above 26°( are less high than for 
the other dwellings and thus the GTO is lower than for the other dwellings. However, the average air 
temperature of the passive house is highest of all dwellings (figure 3.14) due to stable but relatively 
high indoor temperature. 
The improved greenhouse residence renovation has the most weighted overheating hours for the 
dwelling. This is partly caused by the greenhouse in which the mean radiant temperature is higher 
than the outside temperature during summer. 
The GTO of the improved greenhouse residence is also higher than that of the seventies dwelling 
with a greenhouse attached to the south fa~ade (figure 3.11). This is due to the extra insulation of 
the dwelling of the improved greenhouse residence. The difference in GTO of the dwelling between 
the improved greenhouse and the not improved greenhouse is approximately the same as between 
the seventies residence and the Senternovem renovated dwelling. 
Weighted overheating hours for the newly built residence and the Senternovem renovated dwelling 
are higher than for the passive house renovation . 
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Figure 3.13: Weighted overheating hours dwelling: newly built residence, seventies residence and 

renovation options 
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Figure 3.14: Average air temperature of the lSI floor from May up until September 

Another explanation for the high GTO of the dwelling with the improved greenhouse is that it is not 
possible in IES to add shading to the wall between the greenhouse and the dwelling. Why this is not 
possible is further explained in the discussion section (§3.3). 
To give an indication of the effect of shading on the south fac;:ade the GTO of the Senternovem 
renovated house with and without shading is compared. Shading on the south fac;:ade of this 
dwelling reduces the GTO of the dwelling by 3.4 times. For the dwelling with the improved 
greenhouse the effect of shading on the south facade will be lower because shading is applied to the 
roof and the south fac;:ade of the greenhouse. The shading inside the greenhouse blocks part of the 
solar flux on the south fac;:ade of the dwelling. Therefore, shading inside the greenhouse reduces the 
effect of shading on the south fac;:ade of the dwelling, but it will still block part of the solar radiation 
which is passed the shading on the greenhouse. Thus the effect of shading on the south fac;:ade of 
the improved greenhouse will be lower than it is for the Senternovem renovated dwelling. However, 
an extra layer of shading on the south fac;:ade of the dwelling will still have impact on the indoor 
climate of the dwelling. 

3.2.3 Indoor climate greenhouse 

Weighted overheating hours of the greenhouses are displayed in figure 3.15. The pink bar presents 
the weighted overheating hours of the outside. Higher mean radiant temperature inside the 
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greenhouses compared to outside explains the higher overheating hours of the greenhouses. East 
and west oriented greenhouses have the most overheating hours. Reason for this is the smaller 
volume than the south (and north) oriented greenhouses. As expected, the north oriented 
greenhouse has the least overheating hours of the greenhouses without shading. Shading inside the 
south facing greenhouse (improved greenhouse) reduces the overheating hours of the greenhouse 
by 77%. 
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Figure 3.15: Weighted overheating hours greenhouse 
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Figure 3.16 presents the weighted underheating hours of the greenhouse options and outside. 
Obviously, the outdoor space has the most underheating hours. The greenhouse option with the 
most underheating hours is the north oriented greenhouse due to less solar influx compared to the 
other orientations. As expected, shading in the south oriented greenhouse would cause the 
weighted underheating hours to rise . Reason for this is the reduction of solar influx due to shading. 
This cannot be counteracted through control settings because the shading is dependent on the 
incident solar flux and not on the temperature inside the greenhouse. This is explained in more 
detail in the discussions section (§3.3 .1). 
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Figure 3.16: Weighted underheating hours greenhouse 

The number of hours that the greenhouse can be used (PET between 20·( and 26 .() is presented in 
figure 3.17. The number of usable hours of the outside space is significantly lower than that of all the 
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greenhouse options. The greenhouse completely covering the dwelling has the most usable hours. 
The south facing greenhouse scores second best on this topic. Shading inside the south oriented 
greenhouse (improved greenhouse) causes the usable hours to drop by 10%. 

# hours usable 
900 

IlOO 

700 

600 

-t 500 
j 
~ 
~ 400 ' 
iJ 
::> 

300 

200 -
100 

o 

Figure 3.17: Usable hours greenhouse 
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Figure 3.18 displays the air temperature inside the improved greenhouse and the outdoor air 
temperature. During winter the temperature inside the greenhouse is slightly higher than outside 
and the greenhouse is too cold to comfortably use. However, during spring and autumn the solar 
radiation causes the temperature inside the greenhouse to rise substantially above outdoor 
temperature levels. On warm summer days the air temperature of the greenhouse is approximately 
the same as outside because all the windows of the greenhouse are opened for ventilation and 
cooling. 
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Figure 3.18: greenhouse and outside temperature over the yeor 

Figure 3.19 gives an indication of the usability of the greenhouse over the year. A value of 1 means 
that the PET temperature is between the previous described temperature limits (20°C - 26°C) and a 
value of 0 means that it is not between those limits. During the winter months the greenhouse 
cannot be comfortably used. Most usable hours are between the end of March and the end of 
September. 
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Figure 3.19: Usability of the improved greenhouse over the year 

3.2.4 Sensitivity analysis 

Figure 3.20 displays the sensitivity of the annual heating energy demand to several design 
parameters. The error bars display the minimum and maximum values. The higher the value the 
more sensitive the respective design parameter is. The three most sensitive design parameters 
concerning energy demand of the improved greenhouse residence are the infiltration, the heating 
set-point of the dwelling and internal gains. These design parameters have also been identified as 
sensitive in other studies on sensitivity of buildings [50-52, 54, 55]. The U-value of the greenhouse 
glass is also an important parameter to consider. This is due to infiltration of air from the 
greenhouse to the dwelling. Better insulation of the greenhouse results in higher air temperatures 
inside the greenhouse and thus the temperature of the air infiltrating into the dwelling is higher. As 
can be expected the U-value and the surface percentage of glass of the dwelling are also of influence 
on the energy demand but to lesser extent than the parameters mentioned firstly above. The 
orientation of the dwelling and greenhouse are of little influence on the energy demand of the 
dwelling. This is also found in the study of the greenhouse options (§3.2.1, figure 3.8) 
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Figure 3.20: influence of design parameters on annual heating energy demand of the dwelling 

The sensitivity of weighted overheating hours of the dwelling to design parameters of the improved 
greenhouse residence is displayed in figure 3.21. The three most sensitive design parameters are the 
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internal gains, glass surface percentage of the dwelling and ZTA (g-value) of the greenhouse. The 

GTO of the 1st floor of the dwelling is again higher than for the other floors due to the high glass 
percentage of the 1st floor in comparison with the second and third floor. 
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Figure 3.21 : influence of design parameters on the weighted overheating hours of the dwelling 

The weighted overheating hours of the greenhouse as a function of the design parameters of the 
improved greenhouse residence is displayed in figure 3.22. As expected, the design parameters 
concerning the greenhouse are of most influence on the indoor climate of the greenhouse. The 
three most sensitive parameters are the ZTA of the greenhouse, the orientation and the U-value of 
the greenhouse. Shading percentage of the greenhouse is also an important design parameter in the 
optimization of the design of a greenhouse residence. 
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Figure 3.22: influence of design parameters on the weighted overheating hours of the greenhouse 

3.3 Discussion 

In the previous paragraph the results of the IES simulations are presented. These results are 
discussed in this paragraph, starting with the shortcomings of IES that influenced the results. 
Subsequently, the results of the greenhouse options are discussed followed by the results of the 
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improved greenhouse. Successively, the results of the renovation options are compared. Finally the 
sensitivity analysis is discussed. 

3.3.1 Shortcomings IES 

IES was to perform the simulations. program provides good results for spaces with high 
glass percentage. However, it is has some shortcomings. 
Firstly, it is not possible to apply shading on internal partitions. Normally, shading is applied to the 

west of the dwelling. In case a greenhouse is attached to the dwelling, the wall 
greenhouse and the dwelling is as an internal by IES. Therefore, 

cannot be applied to the partition the greenhouse and This results in 
higher overheating hours for the dwellings with a greenhouse to the south or 
west the greenhouse the dwelling} than would the case if the 
program would allow for shading 
dwelling on the south 
improved 
times because 
Secondly, the 
IES it is not to make it 

shading in the 
which will lead to more 

to a lower annual heating energy 
infiltration air will higher. The on 
the range of 15% because the number of 
shading) is 10% than the improved (with 
should increase number of 
demand of dwelling is minor 
demand of 1970-ties house is only 12%. 

3.3.2 Performance greenhouse options 

The consist of one 
four a greenhouse attached to each 
additional renovation measures are applied to 

the results of these 
greenhouse solely and not the complete 
renovation. 
A that completely covers the 

with 37%. However, it also 

of the seventies 
dwelling and no 

options display 
can be 

in 14 times as many 

on the window. In 
sunny days it is 

and benefit from 

completely and 
In these cases no 

to the 

for renovation of a seventies 
attached to the west 

dwelling most effectively by 
GTO stays approximately the same. 

attached but it 
reduces the annual 
the north or east 
the dwelling. 

energy dema nd of the with only 12%. A to 
of of the seventies dwelling has very little influence on the energy 

3.3.3 Performance improved greenhouse residence 

The improved residence renovation consists a 
fac;ade of seventies in extra insulation of the other 

south 
of the 



Feasibility of greenhouse residence concept for renovation 20th July 2010 

dwelling. Therefore, the performance of this renovation option cannot be assigned to the 
greenhouse solely. 
The annual heating energy demand of the seventies residence is reduced by 47% by this renovation 
option. However, the number of weighted overheating hours of the dwelling rises with 48%. This 
number would be significantly lower if shading could be applied to the south fac;:ade of the dwelling, 
which is not possible due to shortcomings of IES. 
An advantage of greenhouse renovation is extra space that can be used approximately 600 hours a 
year. This is 5 times as long as the outside space. 

3.3.4 Comparison renovation options 

The options for renovation of a seventies residence that are compared in this study are 
Senternovem renovation (extra insulation), passive house renovation and greenhouse renovation. 
The performance in terms of energy demand and indoor climate is presented in figure 3.23. 
Passive house renovation has the lowest energy demand and the lowest weighted overheating 
hours. Greenhouse renovation scores second best on energy demand. However, this renovation 
option has the most weighted overheating hours of the dwelling, but this will be lower in practice 
due to shading on the south fac;:ade of the dwelling. The Senternovem renovated dwelling has the 
highest annual heating energy demand, but the number of weighted overheating hours of the 
dwelling is less than for the greenhouse renovation . 
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Figure 3.23: Energy demand and indoor climate of 1970-ties residence, newly built residence and 
renovation options 

3.3.5 Sensitivity analysis 

Design decisions are influenced by several criteria . In this study, the influence of several design 
parameters on the energy demand of the dwelling and indoor climate of the dwelling and 
greenhouse are modeled and analyzed. Other criteria like financial, aesthetical and practical issues 
have not been taken into account. The three most important design parameters concerning energy 
demand of the dwelling are infiltration, internal gains and the heating set-point. Concerning indoor 
climate these are the ZTA value of the dwelling, glass surface percentage and internal gains. The 
greenhouse is most sensitive to the ZTA of the greenhouse, the orientation and the U-value of the 
greenhouse glass. 
In some cases an increase of a design parameter has a positive impact on the energy demand 
(decrease of energy demand) while it has a negative impact on the overheating hours of the dwelling 
(increase of GTO) or vice versa . For these design parameters a compromise needs to be found 
between the desire to reduce the energy demand and optimize the indoor climate of the dwelling. 
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Examples of such design parameters are the infiltration rate, internal gains and ZTA of the dwelling. 
A parameter which reduces the energy demand of the dwelling but increases the GTO of the 
greenhouse is the U-value (reduction) of the greenhouse. If outdoor space is available it could be 
favorable to reduce the U-value of the greenhouse. This does not only increase the number of 
weighted overheating hours of the greenhouse but also reduce number weighted 
underheating hours. This leads to more usable hours of the greenhouse during spring and autumn 
and possibly during winter. During summer there will be more overheating hours, but the 
can use the garden in case is to warm. 
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4. BREEAM 

In this chapter BREEAM analysis of the renovation options and the newly built and seventies 
residence are presented. Firstly, the methodology (4.1) is discussed. Secondly, the results (4.2) are 
explained and finally these results are discussed. 

4.1 Methodology 

Several versions of BREEAM exist for different building types. For newly built and renovated 
dwellings BREEAM Ecohomes was developed. A full assessment of a dwelling with BREEAM 
Ecohomes is extremely time consuming. Furthermore, the full assessment method is very detailed, 
and is anyhow not straightforward because the specifications of properties of the dwellings of this 
project are not detailed enough. For this project BREEAM Ecohomes 2006 pre assessment estimator 
is more appropriate. This tool is designed to give an indication of the rating in an early stage of the 
project, for renovation as well as newly built [56]. It addresses all the topics that are also addressed 
by the full version while it is less extensive and therefore less time consuming. Furthermore, it goes 
less into detail and therefore it is better applicable for this project than the full version of BREEAM. 
Three renovation options are rated (greenhouse residence renovation, passive house renovation and 
Senternovem renovation). In addition BREEAM is applied to the newly built residence and the 
seventies residence. If necessary, assumptions are made to be able to complete the assessment. A 
minimum, best practice and maximum score are obtained to indicate the range in which the score 
will be since not all the information necessary to complete the assessment is available. Appendix L 
presents an overview of the scores per subject for each renovation option. 
Figure 4.1 presents an overview of the score and the associated pre assessment rating. A maximum 
of 100 points can be obtained in this assessment. 

Rating Score('!.) 

Pus 36 

Good 48 

Very Good 58 

Excellent 70 

Figure 4.1: BREEAM pre assessment scores and associated rating [56} 

4.2 Results 

BREEAM pre assessment scores for three renovation options, the newly built residence and the 
seventies residence are presented in figure 4.2. The passively renovated dwelling has the highest 
score. This is mainly caused by the low energy consumption. The second highest score is obtained by 
the newly built residence. Senternovem renovation and greenhouse residence renovation have 
approximately the same score. The seventies residence has the lowest score. 
Using these BREEAM pre assessment rating we would conclude that the best practice scores of the 
passive house renovation and the newly built residence are rated a 'pass' while the Senternovem 
renovation, the greenhouse residence renovation and the seventies residence score below 'pass'. 
When considering the maximum scores, the passive renovation is assigned rating 'very good'. The 
newly built residence, the greenhouse residence renovation and the Senternovem renovation obtain 
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rating 'good' and the seventies residence is rated 'pass'. Based on the minimum scores, only the 
passive renovation obtains a 'pass'. 

BREEAM scores 
70 .,--------------------

60 

50 +-- --11 

40 

30 

20 

10 

o 

Figure 4.2: BREEAM scores/or the pre assessment estimator 

• Minimum 

• Best practice 

Maximum 

An overview of the scores per BREAM criterion is displayed in figure 4.3. It seems striking that for 
most of the criteria the scores are the same for all dwellings. This is however easily explained by the 
fact that the location is the same for all dwellings. Furthermore, assumptions like user behavior and 
building management related topics are the same for all dwellings. 
Substantial differences in scores are found for the energy criterion . This can be explained by the 
differences in energy consumption of the dwellings. Obviously, the passive house renovation scores 
best on this topic due to extremely low energy consumption . 
The seventies residence scores lower on the pollution topic than the other dwellings. This is due to 
the higher NOx emission of the older heating system. 
On the land use and ecology topic the improved greenhouse scores lower than the other dwellings. 
This can be explained by the larger footprint ratio caused by the extra floor area of the greenhouse. 
No difference is found for the materials topic. Material properties like whether or not A rating 
materials are used, responsible sourcing and recycling is applied are dressed in this topic. The 
amount of materials needed and the type of materials needed is not taken into account by the 
BREEAM pre assessment estimator. 
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BREEAM scores 
16 ~---------------------------------------

14 +-~~-----------------------------------

12 ~ __ ~-----------------------------------

::!: 10 t--.~-------------------------------

~ 8 ~ __ ~------------------------ • Newly built 

oJ 6 • Seventies residence 

4 • Senternovem 

• Passive house 

o • Improved greenhouse 

Figure 4.3: BREEAM scores per topic 

4.3 Discussion 

Part of the BREEAM credits is location dependent. In this study the options for renovation of a 1970-
ties house are compared. For this comparison the location of the house should be the same for all 
renovation options in order to compare the renovation options objectively. Therefore, the amount 
of credits obtained by location dependent subjects is the same for all dwellings. Furthermore 
assumptions regarding user behavior are the same for all dwellings as well. This leads to relatively 
small differences in total scores. These differences are mainly caused by the energy aspect. 
Therefore a comparison of the renovation options with BREEAM pre assessment estimator is mainly 
a comparison of the energy consumption and not of the overall sustainability of the renovation 

option. 
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5. Conclllsions and recommendations 
In this study the feasibility of the greenhouse residence concept for renovation of a freestanding 
seventies residence was investigated . A literature review was performed to get more insight into 
greenhouses and the performance indicators applicable for rating the greenhouse. Secondly, case 
studies were defined in order to compare the performances of several renovation options. IES was 
used to simulate the energy demand and indoor climate of these case studies. A sensitivity analysis 
of the improved greenhouse residence was performed. This gives an indication of which parameters 
the greenhouse residence is most sensitive to. Finally, a pre assessment with BREEAM was done. 

Below the conclusions of this study are summarized by answers to the various questions and finally 
the conclusion on the main topic of this study. 

What are the requirements for the indoor climate of the greenhouse? 

The greenhouse is regarded to be a semi-outdoor space. It is not heated or cooled . The usability of 
this space is determined by the indoor temperature. The limits for the temperature range are 
derived from NEN 15251 [34]. For category II residential buildings (newly built or renovation) the 
lower limit is 200 e and the upper limit is 26°C. 

Due to the fact that outdoor thermal sensation is perceived differently from indoor thermal 
sensation, air temperature cannot be used as a performance indicator for the greenhouse. 
Physiological Equivalent Temperature (PET) can be applied to outdoor situations as well as indoor 
situations as it takes into account all relevant meteorological parameters, behavioral characteristics 
and body measurements. Therefore number of hours that the PET temperature of the greenhouse is 
between 20 0 e and 26°e provides an indication of the usability of the greenhouse. 

What is the impact of a glass capping on the energy demand and indoor climate of a freestanding 
seventies house? 
A greenhouse that completely covers the dwelling reduces the annual heating energy demand of the 
seventies residence with 37%. However, it also results in 14 times as many weighted overheating 
hours of the dwelling. 

What is the impact of a greenhouse attached to respectively the north, east, south and west 
fal;ade of the detached 1970-ties residence on the energy demand and indoor climate of the 
dwelling? 
A greenhouse attached to the dwelling, and not covering the dwelling, results in a small reduction of 
the annual heating energy demand of the dwelling. The west oriented greenhouse reduces the 
energy demand of the dwelling by 17%. For the south facing greenhouse this is 12%. The north and 
east oriented greenhouse reduce the energy demand of the dwelling by respectively 9% and 5%. 

Furthermore the GTO of the dwelling rises slightly. 

What is the performance in terms of energy demand and indoor climate of a detached 1970-ties 
house which is renovated according to the greenhouse residence concept? 

Renovating a dwelling by only attaching a greenhouse on one side reduces the energy demand of 
the dwelling by a maximum of 17% (for a west oriented greenhouse). Furthermore the GTO of the 
dwelling rises with 11% for the same greenhouse. 
Renovating a dwelling by attaching a greenhouse on one side in combination with extra insulation 
for the other facades gives better results. The annual heating energy demand of the seventies 
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residence is by 47% by renovation measures. Still, the GTO of the dwelling rises by 
attaching a greenhouse to dwelling. 

What is the performance of the renovated 1970-ties residence in comparison with a 
1970-ties house which is renovated according to the SenterNovem respectively the 
passive house concept? 
A detached seventies house which is renovated ::I rf'n r,rI. house concept performs 
best on both energy energy demand the passive 

is 3.2 times lower Fu GTO of the 
renovation is 2.1 times house concept. However, meeting 

the passive 
insulation layer 
floor space. 

standards for renovation of a old dwelling is difficult and thick 
to reach the extremely low energy demand is at the expense of the indoor 

The in performance of the Senternovem renovated dwelling and the greenhouse 
renovated dwelling in terms of energy is relatively small. This is explained by the fact that 
extra insulation is applied to the north, east and south fa~ade the greenhouse renovated dwelling. 
Therefore, the insulation values of north, east and south facades of the greenhouse renovated 
dwelling is the same as for the Senternovem renovated dwelling. In terms of indoor climate the 
Senternovem renovated dwelling performs 33% than the renovated dwelling. 
However the shading limitations of IES cause greenhouse renovated dwelling to perform worse 
on indoor climate than it would in reality. 

How many hours a year can the greenhouse be used considering comfort inside the greenhouse? 
The improved to the south of the 1970-ties residence can be for 

600 hours a year the outdoor space in the can be only 120 
hours a year. This means the greenhouse can 5 times as long as the outdoor space. 

What are the most sensitive design greenhouse 
The energy of the improved greenhouse is most sensitive to respectively 
infiltration, the internal the heating For overheating hours of the 
dwelling these design are the internal glass percentage the dwelling 

ZTA (g-value) of the The climate of (GTO) is most sensitive 
to the ZTA of the the orientation and the U-value 

The main "':"~"'~l .. ,..n question 

Is the residence concept a feasiblle option for renovation of a freestanding 
seventies residence? 

Renovating a freestanding seventies residence by simply covering the dwelling with a greenhouse 
leads to a reduction of the energy demand but also a high number of weighted overheating hours of 
the dwelling. A attached to the dwelling results in only a small reduction of the energy 
demand in combination with a modest increase in the GTO. A combination of a greenhouse 
to the and extra insulation of the other walls is necessary to reduce the energy demand 

and even the in terms of energy demand and climate of 
renovation renovation. On hand, the 

extra floor space prOVided by the as space, can be 
for approximately 600 hours a year. This is the most important of the 
compared to other renovation options. 

S.J. van Vel zen BSc 48/54 



renovation 20th 2010 

This study has revealed the following set of interesting conclusions: 

1. Renovating a seventies freestanding house by complete encapsulation in a greenhouse, 
whereas leading to an attractive ~40% energy saving, unacceptably deteriorates the indoor 

climate. 
2. The various attached greenhouse configurations, as expected yield less benefit in terms of 

energy saving, with also a less pronounced impact on the indoor climate. Of the 4 options, 
the greenhouse on the south side has most usable hours. 

3. If this attached greenhouse is combined with additional insulation measures on the 3 other 
walls according Senternovem guidelines as described in the improved greenhouse concept, 

then an attractive energy saving is realized with a modest compromise in indoor conditions. 
This concept however still is less optimal than the passive house concept. 

4. Both the modeling and rating tool inherently have some limitations which can to some 

extent modify the results of this study, but the extent to which the results have been 
influenced by these functional tool limitations is less than the bandwidth of the differences 
between the various concepts, i.e. the qualitative nature of the conclusions mentioned 
above remain valid. 

Therefore, the conclusion is that the greenhouse renovation purely based on economic 
considerations is not an attractive option. If combined with intelligent shading (which has not been 
modeled in this study) the attractiveness of the additional semi-outdoor living space may become 
sufficiently attractive for the individual owner of a 70ties freestanding house to consider a 
greenhouse renovation. In such cases the owner would be advised to take additional insulation 
measures, as specified by Senternovem, to further reduce the energy saving and thus improve the 
economical aspects of such an investment. 

Recommendations 

In this study the feasibility of greenhouse renovation in terms of energy demand and indoor climate 
is addressed. Other aspects concerning the feasibility of a greenhouse for renovation are not taken 
into account. A study comparing the costs of these renovation options would be interesting for 
home owners which consider greenhouse renovation. Furthermore, building technological aspects of 
the renovation options are interesting to compare as well. 

Furthermore, it would be interesting to have a better idea of the effect of shading on the south 
fa!;ade of the dwelling of the improved greenhouse residence. This would lead to a better indication 
of the indoor climate of the dwelling with attached greenhouse. Simulations with a program which 
allows more advanced control of the shading device and allows for shading on 'internal' partitions 
could provide useful information. 
In addition to that, it would be interesting to study the feasibility of the greenhouse residence 
concept for renovation of other types of dwellings or maybe even apartment buildings. This would 
provide more information on the feasibility of this concept for the renovation. 
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Appendix A: IES nlodel ba e ca e 

This appendix displays the base case properties which are the same for all models. Detailed 
information on properties of a specific case is presented in the following paragraphs. 

Properties 

jIiJ~fIi) 

I ~ ~ 
"" 

west fac;ade 

Views dwelling [32J 
north fac;ade east fac;ade 

Dimensions base case residence [32]: 

Width 6.0m 

Len~th 10.2 m 

Floor hight 2.6 m 

Useble area 169.5 m2 

Loss area 358.4 m2 

Heating profile (NEN 5128) [57]: 

7-17 19.0 

17-23 21.0 

23-7 16.0 

19.0 

21.0 

16.0 

16.0 

16.0 

14.0 __________________________________________________ --J 

Heating unit size: 20 kW 
Heating plant radiant fraction: 0.50 

Cooling profile: off continuously (no cooling is applied to the dwellings and greenhouses) 

Climate file: De Bilt, the Netherlands (this is a standard climate file from IES) 

Internal sources [57]: 

7-17 
!--

17-23 

23-7 

8.0 

20.0 

2.0 
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Shading 

and west the dwelling. In case a 
partition by IES and it is not to apply to internal 

improved no shading on south 
Furthermore, the greenhouse option with complete cover has no on the south 
fa~ade and the and west greenhouse have no on the where 
the is attached. 

Shading louvers 
Incident radiation to lower device: 300 
Incident radiation to raise device: 300 
Nighttime resistance: 0 
Daytime resistance: 0 
Ground diffuse transmission 0.25 
Sky transmission 0.25 
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Appendix B: Newly built residenc 

Examples of freestanding newly built residence [32J 

Building materials 

Walls (outside to inside) Rc = 3,8 m2K/W 

Brickwork 100 

Cavity 40 

Mineral fiber slab 120 

Limestone 100 

Roof (outside to inside) Rc=5,O m2K/W 
.-. 1 - -. 

u Mate.~ial _ ':fhickness ["!m] 

Clay tiles 30 

Mineral fiber slab 172 

Timber board 10 

I M~te!j~JI----, ~Thjcknes5 [mm] 

Clear float glass 6 

Cavity 12 

Clear float glass 6 ---=---
Resistance cavity = 0,38 m2K/W 
ZTA windows: 0.70 

Air exchange 

Infiltration: 1,0 ac/hr (air circulation/hour) 

Energy usage 

According to SenterNovem: 416 MJ/m2 

Usable surface area: 169,5 m2 (real area : 10,5*6*3 = 183,6 m2
) 

416 MJ/m2 * 169,5 m2 *3600 s = 19,59 MWh 

Output IES 

Room heating plant sensible load = 19,19 MWh 
Boilers load = 21,35 MWh 

20 th July 2010 
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Appendix C: Seventies residence 

Examples of freestanding seventies residence [1] 

Building materials 

Walls (outside to inside) Rc = 1,36 m2K/W 

Brickwork 100 

Cavity 40 

Mineral fiber slab 35 --------4 
Limestone 100 

----------------~ 

Roof (outside to inside) Rc=l,3 m2K/W 

Timber board 10 

Mineral fiber slab 34 ---------01 
Fiber board 10 

Windows U=3,l W/m2K 

Clear float glass 6 

~avitv 12 
Clear float glass 6 

Resistance cavity = 0,14 m2K/W 
ZTA windows: 0.85 

Air exchange 

Infiltration: 1,0 ac/hr (air circulation/hour) 

S.J. van Velzen BSc 
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Appendix 0: enternovenl renovation 

Building materials 

Walls (outside to inside) Rc = 2,11 m2K/W 

Material Thickness(mm] 

Brickwork 100 

Cavity 40 

Mineral fiber slab 61 

Limestone 100 

Roof (outside to inside) Rc=l,3 m2K/W 

Material Thiclmess [mm]_ 

Timber board 10 

Mineral fiber slab 34 

Fiber board 10 

Windows U=2,O W/m2K 

Material Thickness [mm] 

Clear float glass 6 

~avity 12 

Clear float glass 6 

Resistance cavity = 0,31 m2K/W 
ZTA windows: 0.70 

Air exchange 

-~ 

Infiltration: 1,0 ac/hr (air circulation/hour) 
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Appendix E: Pc ive house 

Building materials 

Walls {outside to inside} Rc = 8,9 m2K/W 

Material Thicl<ness [mm] 

Brickwork 100 
--~--------------~ Cavity __ 4_0 _____ ---1 

Mineral fiber slab 300 

Limestone 100 

Roof (outside to inside) Rc=8,7 m2K/W 

Material Thickness [mmJ 

Clay tiles 30 

Mineral fiber slab 300 

Timber board 10 

Windows U=O,7 W /m2K 

m!!JIIII 
Cavity 12 

Clear float glass 2 

Cavity 12 

Clear float glass 2 
~-------' 

Resistance cavity = 0,6 m K/W 

Air exchange 

Infiltration: 0,4 ac/hr (air circulation/hour) [58] 

HVAC system 

The passive house is equipped with a heat recovery system. This system is implemented in the 
ApacheHVAC component in IES. The figure below displays this system. Incoming air goes through the 
supply fan to the 1st

, 2nd and 3'd floor of the dwelling. Each floor has a separate air volume controller 
which is set at a constant volume supply. The exhaust of each floor air goes to the heat recovery 
system where the heat from this air is recovered and used to heat the incoming air. 
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+-1---" 

System properties: 

Flow rate (minumum ventilation building regulations) : 
1 st floor: 56 I/s 
2nd floor: 56 I/s 
3'd floor: 43 I/s 

Sensible heat effectiveness: 90% 

Latent heat effectiveness: 90% 

S.J. van Yelzen SSc 

20th July 2010 

YII 



Feasibility of greenhouse residence concept for renovation 20 th July 2010 

Appendix F: Greenhouse I esidence options 

Options: 

Option 1: complete Option 2: south Option 3: north Option 4: east Option 5: west 

Table: properties greenhouse options 

- -- - Option 1 Option 2 Option 3 Option 4 Option 5 

Complete South North East West 
cover 

--- - -

Floor area [mz] 133,2 30 
Volume [m3

] 1205 211 
Glass area [mz] 377 99 
Infiltration rate [h-1

] 1,0 1,0 

Residence: seventies residence properties (appendix C) 

Clear float glass 
U-value: 5.8 W/m 2K 

S.J. van Velzen BSc 

30 30,6 30,6 
211 130 130 
99 55 55 
1,0 1,0 1,0 
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Appendix G: Inlprov d greenhouse r idence 

Building materials north, east and west fa~ade 

Walls (outside to inside) Rc = 2,11 m2K/W 

I Brickwork 100 

l Cavity 40 
Mineral fiber slab 61 

Limestone 100 

Timber board 10 

Mineral fiber slab 34 

Fiber board 10 

Windows U=2,O W /m 2K 
~-~~----~~ 

i' Material ~ I _ ;Thicl(nesslmm] 

Clear float glass 6 

Cav~y 12 
-----~ 

Clear float glass 6 

Resistance cavity = 0,31 m2K/W 
ZTA windows: 0.70 

Building materials south fa~ade 

Walls (outside to inside) Rc = 1,36 m2K/W 
, Material -_ - _ - :Thickness (mm] -

Brickwork 100 

Cavity 40 

Mineral fiber slab 35 

Limestone 100 - -- - ---_._-------' 

Roof (outside to inside) Rc=l,3 m2K/W 

r Material: - - I.Thickness·,f~~.1 
Timber board 

Mineral fiber slab 

Fiber board 

S.J. van Velzen BSc 
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Windows U=3,l W/m2K 
- -- - - ~-

Material Thickness [mmJ _ 

Clear float glass 6 
Cavity 12 

Clear float glass 6 
Resistance cavity = 0,14 m2K/W 
ZTA windows: 0.85 

Air exchange 

Infiltration: 1,0 ac/hr (air circulation/hour) 

Properties glass greenhouse: 

Clear float glass 

U-value: 5.8 W/m2K 

S.J. van Velzen BSc 
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Appendix H: Weighted tenlperatur 

[48] 

to = weighted temperature rOC] 

tr = mean radiant temperature rOC] 

ta = air temperature rOC] 

hr = linear radiative heat transfer coefficient [W/(m2K)] 

he = heat transfer coefficient [W/(m2K)] 

hr = 4.16 [48] 

he = 3.10 [48] 
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Appendix I: Calculation of PET 

For the calculation of the PET values a program called 'Rayman' is used. This program is freely 
available from http://www.mif.uni-frelburg.de!rayman!intro.htm. 

A data file is used as input for this program. The following parameters are used in this data file: 

• Day of the year 

• Time 

• Air temperature [0C] 

• Relative humidity [%] 

• Wind velocity [m/s] 

• Cloud cover [octas] 

• Global radiation [W/m2] 

The global radiation inside the greenhouse is different from outside due to the glass layer. 
Furthermore it is only possible to use or the global radiation as input or the mean radiant 
temperature. To solve these issues the radiative heat flux is calculated and added to the solar flux on 
the floor area of the greenhouse. Below the formula for the calculation of the radiative heat flux is 
presented. The table below displays the values used for the constants. The solar flux can be 
extracted for the IES simulations. 

R = ADu * Jel * Jeff * £ p * (J" * (Tmrl

4 
- Ts 4) 

R = radiative heat flux 

Aou = Surface area of the unclothed body 

fel = surface enlargement factor for the clothed body 

f eft = factor giving the relation between the body surface and the effective surface for radiative 
exchanges 

Ep 

a 

Tmrt 

Ts 

= 
= 
= 
= 

emission coefficient for the human surface 

Stefan-Boltzmann constant 

mean radiant temperature of the environment 

surface temperature of the body (skin or/and clothing surface temperature) 

I~----' '~~-
- - - --- -

Adu 1,6 m2 

Fel gemlddeld 1,2 clo 

F eft sitting 0,7 

Ep 0,97 

a S,67E-OB W/m2K4 

Ts 34 

'Global radiation' = radiative heat flux + solar flux 
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Assumptions: 
Male person 
Age: 35 years 
Weight: 75 kg 
Activity: 80 W 

Interface Rayman program: 

Fie 1npU: 0utpU: Table lanQUaQe , 
Dille and time C .. rent diIIa 

D2te (day.month.year) 1972010 Alrtemperature Ta (·C) ro:o ~ Day of~ar ~ Vapour pressure VI' (hPa) rrn-
Local lime (h:mm) Iill1 ReI. Humidity RH ('II) [5i5-

No:!! and todav I ~-
CalCUlation: 

Wind velocity ¥ (mls) 

~ 
t:lew 

Geographic diIIa Cloud cover C (octas) 

LOCllllon: Global radiation G (>.'VIm") r-
INiede~ande (Amsterdam) ~ 

Mean radiant temp. Tmrt (·C)r-
Add locatiOn I Remo¥e location I 

Personal diIIa CIotI*Ig and akliIIIIy 

J 
I 

Geogr. long~ude ( ..... ' E) ~ Height (m) ~i5- Clothing (clo) ~ 

Geogr latitude ( ..... ' N) rrn-~ Weight (kg) rs-o 
Altitude (m) ro- Age (a) 135 :;] 

time zone (UTC + h) ~ Sex ~ 
Thermal indices 

'" PMV '" PET '" SET" lLQlose 

S.J. van Velzen ESc 
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App ndix J: paranleter ) 

Input parameters and their associated values 

I~ 
- - - - ---

Xl 
--

X2 X, XJ\ 
--- --- --

Infiltration 0.50 0.83 1.17 1.50 
~ 

Rc-value walls 1.36 1.61 1.86 2.11 
(north, east, west) 

- - -
U-value glass 3.10 2.73 2.37 2.00 
dwelling (north, 
east, west) 

Internal gains Xl X2 X3 X4 -
ZTA (g-value) 0.40 0.55 0.70 0.85 

Set-point heating Xl X2 X3 X4 

Glass surface 15 22 28 35 

Shading 0 33 67 100 
percentage 
greenhouse -
Shading 0.54 0.64 0.73 0.83 
coefficient 
greenhouse 

~ 

U-value glass 5.8 4.6 3.3 2.0 
(green house) -!-'--
Orientation 0 120 240 360 
greenhouse [0 
from north] ---ZTA (g-value) 0.40 0.55 0.70 0.85 
greenhouse 
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Heating profiles 

Heating profile (NEN 5128) [57]: 

Time [h) living zone (0C] Sleeping lon.e [DC] - Sleeping zone [OCJ ~ _.j 
_ _ _ _ 2 days a week _ _ 5 days a we_ek _ 1 

7-17 

17-23 

23-7 

19,0 

21,0 

16,0 

Heating profile Xl: 

19,0 16,0 

16,0 

14,0 

TIme {h] living lone (DC] Sleeping zone [DC] - Sleeping zone rOC) i 

2 days a wee~ _ 5 days a w~_. 

7-17 18,0 
I----~ 

1~0 1~0 

17-23 20,0 
t-----

20,0 _______ 1_5..:..,0_ 

23-7 15,0 15,0 13,0 

Heating profile X2: 

Time [h] Living zone (DC) Sleeping zone (DC] Sleeping zone [OC) II 

2 days aw_e~I"~ 5 days a week I 

7-17 

17-23 

23-7 

18,7 

20,7 

15,7 

Heating profile X3: 

18,7 

20,7 

15,7 

15,7 

15,7 

13,7 
------~ 

- - -- -- - - -------

Tim"e [h1 living zone [OC1 Sleeping zone [DC) ~leepjng zone [DC) I 

2 days a week _ 5 days ay~.e.e-'<- ___ I 
~17 1~3 1~3 

... 1_7_-_23 ___ 2 ..... 1,_3 ______ 2!,3 

23-7 16,3 16,3 

Heating profile X4 : 

16,3 
______ 1_6,3 

14,3 

Time (hJ living lone (DC) Sleeping zone [DC] Sleeping zone [OC1 II 

2 days a weeH_ 5 days a w~"E!.k , 
7-17 

17-23 

23-7 

20,0 

22,0 

17,0 

S.}. van Velzen ESc 
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Internal sources profiles: 

Internal sources [57]: 

Time [h] living zone (0C) Sleeping zone rOC) Sleeping zone (0C) 
2 days a week 5 days a week I 

7-17 

17-23 
23-7 

8,0 2,0 
--~------------

1,0 

1,0 
6,0 

20,0 4,0 
2,0 6,0 

Internal sources Xl: 

:Time [hJ living zone (DC) Sleeping zone [.C) Sleeping zone (0C) I 

2 days a week 5 days a_wee~ I 

7-17 4,0 1,0 0,5 

17-23 10,0 2,0 0,5 
23-7 1,0 3,0 3,0 

Internal sources X2 : 
----- -- -

Time [h) living lone [0C] Sleeping zone [0C) Sleeping zone [-C) I 

7-17 6,67 
17-23 16,67 

23-7 1,67 -----'--

Internal sources X3: 

_ _ _ 2 days a \N~e! _ 5 days a week J 

1,67 

3,33 
5,0 

0,83 

0,83 
5,0 

TIme [hj Living zone [ac} Sleeping zone 1°C] Sleeping zone [0C) II 
__ 2 days a week 5 days a w~~~ __ _ 

7-17 
17-23 
23-7 

9,33 
23,33 

2,33 

-- ---

2,33 1,17 
--------------~--------------~ 4,67 1,17 

7,0 7,0 

Internal sources ~: 
- - -

Time [h) living zone [0C] Sleeping zone (0C) Sleeping zone (·C] 

7-17 
17-23 
23-7 

2 days a week 5 days a week 
-- ---

12,0 3,0 1,5 

30,O __________ ~6,_0 ______________ 1~,5 ____________ ~ 
3,0 9,0 9,0 

S.J. van Velzen BSc 

20th July 2010 

XVI 



Feasibility of greenhouse residence concept for renovation 20th July 2010 

Appendix K: S nsitivity analysi (sinlulations) 

Variant 1 

Infiltration 4 4 1 2 4 1 3 2 3 4 1 3 
1.50 

Rc-value walls 3 3 1 2 4 1 3 2 3 4 1 3 
1.86 

U-value glass dw. 3 4 2 2 4 1 3 2 3 4 1 3 
2.73 

Internal gains 3 4 1 1 4 1 3 2 3 4 1 3 
Xl 

ZTAdw. 3 4 1 2 3 1 3 2 3 4 1 3 
0.70 

Set-point heating 3 4 1 2 4 2 3 2 3 4 1 3 
X2 

Glass surface % [52, 3 4 1 2 4 1 4 2 3 4 1 3 
55] 35 

Shading % GH 3 4 1 2 4 1 3 1 3 4 1 3 
0 

Shading coefficient 3 4 1 2 4 1 3 2 2 4 1 3 
GH 0.64 

U-value glass GH 3 4 1 2 4 1 3 2 3 3 1 3 
3.3 

Orientation GH 3 4 1 2 4 1 3 2 3 4 2 3 
120 

ZTAGH 3 4 1 2 4 1 3 2 3 4 1 2 
0.55 
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Variant 2 

Infiltration 3 2 1 3 3 1 4 4 2 3 2 2 

1.17 
Rc-value walls 4 1 1 3 3 1 4 4 2 3 2 2 

1.36 
U-value glass dw. 4 2 2 3 3 1 4 4 2 3 2 2 

2.73 

Internal gains 4 2 1 4 3 1 4 4 2 3 2 2 

X4 

ZTAdw. 4 2 1 3 2 1 4 4 2 3 2 2 

0.55 

Set-point heating 4 2 1 3 3 2 4 4 2 3 2 2 

X2 

Glass surface % [52, 4 2 1 3 3 1 3 4 2 3 2 2 

55] 28 

Shading % GH 4 2 1 3 3 1 4 3 2 3 2 2 

67 
Shading coefficient 4 2 1 3 3 1 4 4 1 3 2 2 

GH 0.54 

U-value glass GH 4 2 1 3 3 1 4 4 2 4 2 2 

2.0 

Orientation GH 4 2 1 3 3 1 4 4 2 3 1 2 

0 

ZTAGH 4 2 1 3 3 1 4 4 2 3 2 3 
0.70 
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Variant 3 
-- - - -- - - - -- ----

-VI"' 

'c Vt l ;r; 
c: I'll , Qj 

'.c ,. ,.." CJ : 5:: • 0 , ;IJ " . iii, VI 'I 
C , 

CI " j ~: :"C Ill ·. ... n ;r , ~'-, 
C · - 9." ",., III 

O"Q ~, C I'll ~' VI n ::J 
!!!.. I'll ', 

~ ', ::J : 
~ . 

~ . 
0 I'll S ::J .. C 0'0 , ::1 

~ I 
'" I' ::3 I'll : iii. , ::1 ', I'll ' : ~ 

1Il ~ J. J :l" , (JQ :;, IIJ 
!:!. ~ 

, ~ , »' I'll !I.I ' 
~i '" 0 

:E ", Vt l (Ill : Ill .• n n III ' ::J », 
Ill ,' 

!!:!.: 0:: , Ill :' Q;,; , : ~. /tl l " iii' G'J ::to :5:, :E ::3 (11 / :;') 
'::3 

G1 Gl , 
I'll ;n: ' :E :' . \11 . ~ O"Q '$. :t ' .J: ,,.. , :r :r :r 

II ... · . .. 3 !1 ', 4 :3 .t'!" [~ '4 1 1: 2 ' 3; 3 
I 1:-17 2:i1· 2 .. 001 X3, .' 0 :85; ·~ Xl ' 35 ' O ~ 0:54 ,4.6, :240; :O:lO , 

Infiltration 4 4 4 3 4 2 4 1 1 2 3 3 
1.50 

Rc-value walls 3 3 4 3 4 2 4 1 1 2 3 3 
1.B6 

U-value glass dw. 3 4 3 3 4 2 4 1 1 2 3 3 ~ 2.37 

Internal gains 3 4 4 4 4 2 4 1 1 2 3 3 
X4 

ZTAdw. 3 4 4 3 3 2 4 1 1 2 3 3 
0.70 

Set-point heating 3 4 4 3 4 3 4 1 1 2 3 3 
X3 

Glass surface % [52, 3 4 4 3 4 2 3 1 1 2 3 3 ~ 55] 28 
Shading % GH 3 4 4 3 4 2 4 2 1 2 3 3 

33 
Shading coefficient 3 4 4 3 4 2 4 1 2 2 3 3 
GH 0.64 

U-value glass GH 3 4 4 3 4 2 4 1 1 1 3 3 
S.B 

Orientation GH 3 4 4 3 4 2 4 1 1 2 2 3 
120 

ZTAGH 3 4 4 3 4 2 4 1 1 2 3 4 

0.85 
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Variant 4 

Rc-value walls 1 2 2 1 1 1 3 2 2 3 1 1 
1.61 

U-value glass dw. 1 1 3 1 1 1 3 2 2 3 1 1 
2.37 

Internal gains 1 1 2 2 1 1 3 2 2 3 1 1 
X2 

ZTAdw. 1 1 2 1 2 1 3 2 2 3 1 1 
0.55 

Set-point heating 1 1 2 1 1 2 3 2 2 3 1 1 
X2 

Glass surface % [52, 1 1 2 1 1 1 2 2 2 3 1 1 
55] 22 

Shading % GH 1 1 2 1 1 1 3 1 2 3 1 1 
0 

Shading coefficient 1 1 2 1 1 1 3 2 3 3 1 1 
GH 0.73 

U-value glass GH 1 1 2 1 1 1 3 2 2 4 1 1 
2.0 

Orientation GH 1 1 2 1 1 1 3 2 2 3 2 1 
120 

ZTAGH 1 1 2 1 1 1 3 2 2 3 1 2 
0.55 
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Appendix L: BREEAM pre asse 111ent scores 

The first part gives an overview of the scores per topic and the corresponding requirements 

Energy 

Ene liES result: heating load [MWhj converted into kg CO 2 emission 

Ene 2 Calculated with SAP worksheet 

Ene 3 Drying space : 
0.92 provision of drying space 

Ene 4 Eco labeled white goods 
0.92 all fridges, freezers, fridge-freezers with an A + rating 
0.92 All washing machines, and dishwashers where supplied, with an A rating and washer 

dryers and tumble dryers with a rating of B or higher 
OR 
0.92 No white goods provided but info on Eco labeling 

Ene 5 Internal lighting 
0.92 Where 40% dedicated low energy lights have been specified 
1.83 Where 75% dedicated low energy lights have been specified 

Ene 6 Externallighting 
0.92 All space lighting is specifically designed to accommodate only compact fluorescent 

lamps (ClF) 
0.92 All security lighting to be 150 watts maximum and be fitted with PIR and day light 

sensor and all other type of security lighting to accommodate CFls or fluorescent 
strips only and be fitted with dawn to dusk sensors or timers 

Transport 

Tra 1 1.00 1000m of a 30 min peak and an hourly off peak service 
OR 
2.00 500m of a 15 min peak and a half hourly off peak service 

1.00 80% of the development within 1000m of an hourly service 
OR 
2.00 80% of the development within 500m of an hourly service OR a community bus 

service 

Tra 2 1.00 Provision of cycle storage for 50% of dwellings 
OR 
2.00 Provision of cycle storage for 95% of dwellings 

Tra 3 1.00 Within 500m of a food shop and post box 
1.00 Within 1000m of 5 of the following: food shop, postal facility, bank / cash machine, 

Pharmacy, primary school, medical centre, leisure centre, community centre, public 
house, children's play area, place of worship, outdoor open access public area 

S.J, van Velzen SSc XXI 
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1.00 Safe pedestrian routes to the local amenities 

Tra 4 1.00 Provision of space, and services, for a home office 

Pollution 

Pol 1 0.91 Specifying insulating material that avoid use of ozone depleting substances and have 
a global warming potential (GWP) of less than 5 or more (and an ODP of zero), in 
either manufacture of composition, for the following elements: roof, wall, floor, hot 
water cylinder. 

Pol 2 0.91 95% of dwellings throughout the development must be served by heating and hot 
water systems with an average NOx emission rate of less than or equal to 100 NOx 

mg/kWh 
1.82 95% of dwellings throughout the development must be served by heating and hot 

water systems with an average NOx emission rate of less than or equal to 70 NOx 
mg/kWh 

2.73 95% of dwellings throughout the development must be served by heating and hot 
water systems with an average NOx emission rate of less than or equal to 40 NOx 
mg/kWh 

Pol3 0.91 Hard surface runoff for rainwater holding facilities and/or sustainable drainage 
techniques 

0.91 Roof runoff for rainwater holding facilities and/or sustainable drainage techniques 

Pol4 0.91 Where evidence provided demonstrates that a feasibility study considering 
renewable and low emission energy has been carries out and the results 
implemented 

AND 
0.91 Where evidence provided demonstrates that the first credit has been achieved and 

10% of total energy demand for the development is supplied form local renewable, 
or low emission energy, sources 

OR 
1.82 Where evidence provided demonstrates that the first credit has been achieved and 

15% of total energy demand for the development is supplied from local renewable, 
or low emission energy, sources 

Pol 5 1.82 Where evidence provided demonstrates that the assessed development is located in 
a zone defined as having a low annual probability of flooding 

OR 
0.91 Where evidence provided demonstrates that the assessed development is located in 

a zone defined as having a medium annual probability of flooding and the ground 
level of the building, car parking and access is above the design flood level for the 
site's location. 

Materials 

Mat 1 A rating from the Green Guide for Housing for: 
1.35 Roof 
1.35 External walls 
1.35 Internal walls 
1.35 Floors 
0.90 Windows 
0.45 External surfacing 
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0.45 Boundary nrr,1"",.'1" 

Mat 2 in the following basic building are 

0.90-2.71 external walls, internal walls, 

Mat 3 Where the majority of materials in the following secondary building and 
elements are 

0.90-1.35 Stair, window, external and internal door, skirting, paneling, furniture 

Mat 4 Recycling of household waste 
0.90 Provision of internal only 
OR 
0.90 Provision of external only 
OR 
2.71 Provision of internal and external <::1"("\,,::1<1,,:::' 

Water 

Wat 1 Internal potable water use 
1.67 Less than or 52 m3 per 
3.33 Less than or t047 per year 
5.00 Less than or per year 
6.66 Less than or per year 
8.33 Less than or per year 

Wat2 1.67 Rain water collection and landscaped areas 

Land use and ecology 

Eco 1 1.33 Building on land which is inherently of low value 

Eco 2 1.33 Enhancing the ecological value of site through consultation with an accredited 

Eco 3 

Eco 4 

Eco 5 

Expert 

1.33 Ensuring the protection of any on the site 

Change of ecological value of site 
1.33 A change of between -9 and ·3 
2.67 A change of between ·3 +3 
4.00 A change of between +3 and 
5.33 A change of greater than +9 

1.33 Where the total combined floor area: ratio all houses on the site is 
greater than 2.5:1 

2.67 Where the total combined floor area: footprint ratio for all dwellings on the site is 
greater than 3.5:1 

well being 

Hea 1 Provision of adequate daylighting, according to BS in 
1.75 in the kitchen 

BSc 
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1. 75 in living rooms, 
1.75 view sky in all 

renovation 

rooms and studies 
rooms 

20th 10 

Hea 2 1.75·7 pre-completion testing is carries out to comply or improve on 
in Document E (2003 Edition, building 

Hea 3 1.75 Provision or semi private space 

Management 

Man 1 
2.00 
1.00 

covers information to the 'non-technical' 
of their home 

on 

Man 2 1.00 
OR 
2.00 

Demonstrate a commitment to comply with practice site management principles 

Demonstrate a commitment to go 
management principles 

best practice site 

Man 3 1.00 Evidence that demonstrates a commitment and c1"r:a"'Q\I to monitor, sort an recycle 
construction waste on site 

AND 
1.00 Evidence that demonstrates 2 or more of listed below are achieved 
OR 
2.00 Evidence that demonstrates 4 or more of a-f listed below are achieved 
a. Monitor and C02 or energy from site activities 
b. Monitor and on C02 or energy from transport to and from site 
c. Monitor water consumption from site activities 
d. Adopt best practice policies in of air (dust) pollution from the site 
e. Adopt best practice policies in of water (ground and surface) pollution occurring 

on the site 
f. 80% of site timber is reclaimed, 

Man 4 1.00 commitment to work with an 
Design award 

or 

1.00 Security standards for external doors 
LPS1175SR1 (all doors and winows 
OR 

sourced 

Liaison Officer achieve Secured by 

windows, to achieve a minimum of either: 

PAS24-1 (all external 
AND 

door-sets within scope of PAS24-1j 

BS7950 (all windows falling into the scope 
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Greenhouse residence 

Energy 

' subfect _ Minimum Best practice Maximum 

Ene 1 Dwelling Emission Rate 2.75 2.75 2.75 

Ene 2 Building envelope performance 0 0 0 

Ene 3 Drying space 0.92 0.92 0.92 

Ene 4 Eco Labeled white goods 0 0.92 1.83 

Ene 5 Internal Lighting 0 0 0.92 

Ene 6 External Lighting 0 0 0.92 

Total 3.67 4.59 7.34 

Transport 
- - - - -- - - - -- - - - - - - - - - --

Subject l'.IIinimum_ Best practtc~ _MaxIr:num 
Tra 1 Public transport 0 1 2 

Tra 2 Cycle storage 2 2 2 

Tra 3 Local Amenities 1 2 3 

Tra 4 Home office 1 1 1 

Total 4 6 8 

Pollution 

Poll Insulation ODP and GWP 0,91 0,91 0,91 

Pol 2 NO. emissions 2.73 2.73 2.73 

Pol 3 Reduction of surface runoff 0 0 0 

Pol 4 Renewable and Low Emission Energy 0 0 0 
Source 

PolS Flood Risk Mitigation 1,82 1,82 1,82 

Total 5,46 5,46 5,46 

Materials 
---------~ ----- --

Mati 

Mat2 

Mat3 

Mat4 

Total 

Water 

Watl 

Wat2 

Total 

Subject Minimum Best practice Maximum 

Environmental Impact of Materials 0 0 0 
Responsible sourcing of Materials: Basic 0,90 0,90 2,71 
Building Elements 

Responsible sourcing of Materials: 0,90 0,90 1,35 
Finishing Elements 

Recycling Facilities 2,71 2,71 2,71 

4.51 4.51 6.77 

Subject Minimum ~est ' practi~ Ma-xlmum 1 

Internal potable water use 

External potable water use 

o 
o 
o 

o 
o 
o 

1.67 

o 
1.67 
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Land use and ecology 
-- -- - - -

Subject Minimum Best practice Ma)(imum 
------ -- -

Eco 1 Ecological value of site 1,33 1,33 1,33 
Eco 2 Ecological enhancement 0 0 0 

Eco 3 Protection of ecological features 0 0 0 
Eco 4 Change of ecological value of site 2,67 2,67 2,67 

Eco 5 Building footprint 0 0 0 

Total 4 4 4 

Health and wellbeing 

Subject Minimum Best practice Maximum 
Hea 1 Day lighting 5,25 5,25 5,25 

Hea 2 Sound Insulation 1,75 1,75 1,75 
Hea 3 Private space 1,75 1,75 1,75 

I Total 8,75 8,75 8,75 ---------
Management 

- - - - -- - -

Subject Minimu~ ~est practic_e_ l'v'Iaxlmum I 

Man 1 Home user guide 0 2 3 
Man 2 Considerate constructors 0 0 1 -
Man3 Construction site impacts 0 0 0 
Man4 S~~uri!y 0 0 2 ,-
Total 0 2 6 

----- - -- - - - - - I 

Total _ __ __ ___ _____ _ _ _ _ 30.39 _ 3S.29 ____ 4r~ I 
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Feasibility of greenhouse residence concept for renovation 20th July 2010 

Passive house 

Energy 

Subject Minimum Best practice Maximum I 

Ene 1 Dwelling Emission Rate 10.08 10.08 10.08 

Ene 2 Building envelope performance 1.83 1.83 1.83 

Ene 3 Drying space 0.92 0.92 0.92 

Ene 4 Eco Labeled white goods 0 0.92 1.83 
P----

Ene 5 Internal Lighting 0 0.92 1.83 

Ene 6 External Lighting 0 0 0.92 

Total 12.83 14.67 17.41 

Transport 
- - - -

Tra 1 

Tra 2 

Tra 3 

Tra 4 

Total 

Pollution 

Poll 

Pol2 

Pol3 

Pol4 

PolS 

Total 

Materials 

Mat 1 

Mat 2 

Mat3 

Mat 4 

Total 

Water 

Watl 

Wat2 

Total 

Subject Minimum ~~_Best pra~iC~ _ Ma)(!l11um_ 
Public transport 0 1 2 
Cycle storage 2 2 2 
Local Amenities 1 2 3 
Home office 1 1 1 

4 6 8 

Insulation ODP and GWP 0,91 0,91 0,91 

NO. emissions 2.73 2.73 2.73 
Reduction of surface runoff 0 0 0 
Renewable and Low Emission Energy 0 0 0 
Source 

Flood Risk Mitigation 1,82 1,82 1,82 

5,46 5,46 5,46 

Environmental 1m act of Materials 0 0 0 
Responsible sourcing of Materials: Basic 0,90 0,90 2,71 
Buildinll Elements 

Responsible sourcing of Materials: 0,90 0,90 1,35 
Finishing Elements 

Recycling Facilities 2,71 2,71 2,71 

4.51 4.51 6.77 

- - ------------------

Subject _ Minil1)um Best practice Maximum 

Internal potable water use 

External otable water use ----------------
o 
o 
o 

o 
o 
o 

1.67 

o 
1.67 
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Feasibility of greenhouse residence concept for renovation 20 th July 2010 

Land use and ecology 

'Subject - _ ~ __ Minimum ~est ractice ~a)(imum I 
Eco 1 Ecological value of site 1,33 1,33 1,33 

Eco 2 Ecological enhancement a a a 
Eco 3 Protection of ecological features a a a 
Eco4 Change of ecological value of site 2,67 2,67 2,67 

Eco 5 Building footprint 1.33 1.33 1.33 

I Total 5.33 5.33 5.33 

Health and wellbeing 

-~ - Subject Minimum Best practice Maximum i 

Hea 1 

Hea 2 

Hea 3 

Total 

Day lighting 5,25 5,25 5,25 

Sound Insulation 1,75 1,75 1,75 

Private space ___________ ---.,;1,;,...7_5 ____ 1..:...,7_5 ____ ...;:.1..:...,7_5_---1 

8,75 8,75 8,75 

Management 

Subject _______ Minimum Best ractice Maximum I 

Man 1 Home user guide a 2 3 

Man2 Considerate constructors a a 1 

Man3 Construction site impacts a a a 
Man4 Security a a 2 

Total 0 2 6 

Total 40.88 46.72 59.39 
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Feasibility of greenhouse residence concept for renovation 20 th July 2010 

Senternovem renovation 

Energy 

Ene 1 

Ene 2 

Ene 3 

Ene 4 

Ene 5 

Ene 6 

Total 

Transport 

Tra 1 

Tra 2 

Tra 3 

Tra 4 

Total 

Pollution 

Poll 

Pol 2 

Pol 3 

Pol4 

PolS 

Total 

Materials 

Mati 

Mat2 

Mat3 

Mat 4 

Total 

Water 

Total 

Subject _ ~ _ Minimum Best practice _ Maximum I 
Dwelling Emission Rate 0.92 0.92 0.92 
Building envelope performance 0 0 0 

Drying space 0.92 0.92 0.92 
Eco Labeled white goods 0 0.92 1.83 
Internal Lighting 0 0.92 1.83 
External Lighting 0 0 0.92 

1.84 3.68 6.4 

Public transport 0 1 2 
Cycle storage 2 2 2 
Local Amenities 1 2 3 
Home office 1 1 1 

4 6 8 

- - ----

Subject Mi~imllm B~st practice Maximum 

Insulation ODP and GWP 0,91 0,91 0,91 
NO. emissions 2.73 2.73 2.73 
Reduction of surface runoff 0 0 0 
Renewable and Low Emission Energy 0 0 0 
Source 

Flood Risk Mitigation 1,82 1,82 1,82 

5,46 5,46 s,~ 

Subject - Minimum ~st practice Maximum, I 

Environmental Impact of Materials 

Responsible sourcing of Materials: Basic 
Building Elements 

Responsible sourcing of Materials: 
Finishing Elements 

Recycling Facilities 

External potable water use --------

0 
0,90 

0,90 

2,71 
4.51 

o 
o 

0 0 
0,90 2,71 

0,90 1,35 

2,71 2,71 

4.51 6.77 

o 
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Feasibility of greenhouse residence concept for renovation 20 th July 2010 

Land use and ecology 
- --- ---- -- -- - --

, Subject , Minimum Best practice Maximum j 
Eco 1 Ecological value of site 

Eco 2 Ecological enhancement 

Eco 3 Protection of ecological features 

Eco4 Change of ecological value of site 

Eco 5 Building footprint 

Total 

Health and wellbeing 

Hea 2 

Hea 3 

Total 

Sound Insulation 

Private space ----------------------

Management 

1,33 

0 

0 

2,67 

1.33 

5.33 

1,75 

1,75 

8,75 

1,33 1,33 

0 0 

0 0 

2,67 2,67 

1.33 1.33 

5.33 5.33 

8,75 8,75 

Subject _ _ _ Minimum 8e,st praclice_ Maximum I 
Man 1 Home user guide 0 2 3 
Man 2 Considerate constructors 0 0 1 

Man3 Construction site impacts 0 0 0 

Man4 Security 0 0 2 

Total 0 2 6 

Total 29 .89 35.73 48.38 I 
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Feasibility of greenhouse residence concept for renovation 20 rh July 2010 

Newly built residence 

Energy 

- Subject _ __ _ _ - Minimum EJest practice M~u(i"mum-_ 
Ene 1 Dwelling Emission Rate 4.58 4.58 4.58 

Ene 2 Building envelope performance 0.92 0.92 0.92 

Ene 3 Drying space 0.92 0.92 0.92 

Ene 4 Eco Labeled white goods 0 0.92 1.83 
Ene 5 Internal Lighting 0 0.92 1.83 
Ene 6 External Lighting 0 0 0.92 

Total 6.42 8.26 11 

Transport 
. . . 

Subject _Minimum Best practice Maximum I 
Tra 1 Public transport 0 1 2 
Tra 2 Cycle storage 2 2 2 
Tra 3 Local Amenities 1 2 3 
Tra4 Home office 1 1 1 
Total 4 6 8 

Pollution 

Subject _ _ Mh1hT!U!l1 ~est practice Max,i.mum I 
Poll Insulation ODP and GWP 0,91 0,91 0,91 
Pol 2 NOx emissions 2.73 2.73 
Pol 3 Reduction of surface runoff 0 0 
Pol 4 Renewable and Low Emission Energy 0 0 0 

Source 

PolS Flood Risk Mitigation 1,82 1,82 1,82 
Total ~~~ 5,46 5,46 

Materials 
--- -- - - - ------ - - -----
Subject _ Minirrium_ ~est practic~ Maxim~m 

Mati Environmental Impact of Materials 0 0 0 
Mat2 Responsible sourcing of Materials: Basic 0,90 0,90 2,71 

Building Elements 

Mat 3 Responsible sourcing of Materials: 0,90 0,90 1,35 
Finishing Elements 

Mat4 Recycling Facilities 2,71 2,71 2,71 
Total 4.51 4.51 6.77 

Water 
-- - - - - ~ 

_ Subj~ct _ _ _ _ Minimum Best practice Maximum _ 

Watl 

Wat2 

Total 

Internal potable water use 

External potable water use 

S.]. van Ve lzen BSc 

o 
o 
o 

o 
o 
o 

1.67 
o 

1.67 

XXX] 



Feasibility of greenhouse residence concept for renovati on 20 th July 2010 

Land use and ecology 
- - - - --

Subject _____ _ _ Minimum Best practice Ma.ximurt:' __ 

Eco 1 Ecological value of site 1,33 1,33 1,33 

Eco 2 Ecological enhancement 0 0 0 

Eco3 Protection of ecological features 0 0 0 

Eco 4 Change of ecological value of site 2,67 2,67 2,67 

Eco5 Building footprint 1.33 1.33 1.33 

Total 5.33 5.33 5.33 

Health and wellbeing 

r Subject _ _ _ ____ Minimum Best practice Maximum J 
Hea 1 Day lighting 5,25 5,25 5,25 

Hea 2 Sound Insulation 1,75 1,75 1,75 

Hea 3 Private space 1,75 1,75 1,75 

Total 8,75 8,75 8,75 

Management 

Subject Minimum Best practice Maximum 

Manl Home user guide 0 2 3 

Man 2 Considerate constructors 0 0 1 

Man 3 Construction site impacts 0 0 0 

Man4 Security 0 0 2 

Total 0 2 6 

Tot~1 34.47 40.31 5~.98 _ J 
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Feasibility of greenhouse residence concept for renovation 20 th July 2010 

Seventies house 

Energy 
- - - - -

Subject Minimu~ Best practice Ma~in:"um 

Ene 1 Dwelling Emission Rate 0 0 0 

Ene 2 Building envelope performance 0 0 0 

Ene 3 Drying space 0.92 0.92 0.92 

Ene 4 Eco Labeled white goods 0 0.92 1.83 

Ene 5 Internal Lighting 0 0.92 1.83 
External Lighting 0 0 0.92 

0.92 2.76 5.50 

Transport 

Subject ~Minimum Best practi~e __ Maximum 
Tra 1 Public transport 0 1 2 
Tra 2 Cycle storage 2 2 2 
Tra 3 Local Amenities 1 2 3 

Tra 4 Home office 1 1 1 
Total 4 6 8 

Pollution 
-

Subject Minimum Best practice Maximum 

Poll Insulation ODP and GWP 0,91 0,91 0,91 
Pol 2 NO. emissions 0 0.91 1.82 
Pol 3 Reduction of surface runoff 0 0 0 
Pol 4 Renewable and Low Emission Energy 0 0 0 

Source 

PolS Flood Risk Mitigation 1,82 1,82 1,82 

Total 2.73 3.64 4.55 

Materials 

Subject Mini'mum Best practice Maximum ; 
Mati Environmental Impact of Materials 0 0 0 
Mat 2 Responsible sourcing of Materials: Basic 0,90 0,90 2,71 

Building Elements 

Mat 3 Responsible sourcing of Materials: 0,90 0,90 1,35 
Finishing Elements 

Mat4 Recycling Facilities 2,71 2,71 2,71 

Total 4.51 4.51 6.77 

Water 
-- - - - -- - - - - ~------ .- -

Subject !V1inimum.._ Best practice Maximu~ 

Watl 

Wat2 

Total 

Internal potable water use 

External potable water use 

S.}. van Vel zen BSc 

------
o 
o 
o 

o 
o 
o 

1.67 

o 
1.67 
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Feasibility of greenhouse residence concept for renovation 20th July 2010 

Land use and ecology 

~-- - - Subject- __ _ Minimum J3est practice_ Ma)(imum 

Eco 1 Ecological value of site 1,33 1,33 1,33 

Eco 2 Ecological enhancement 0 0 0 
Eco 3 Protection of ecological features 0 0 0 
Eco 4 Change of ecological value of site 2,67 2,67 2,67 

Eco 5 Building footprint 1.33 1.33 1.33 
Total 5.33 5.33 5.33 

Health and wellbeing 

Subject __ _ _ _ _ Minimum Best practice_ Maximum 

Hea 1 Day lighting 5,25 5,25 5,25 

Hea 2 Sound Insulation 1,75 1,75 1,75 

Hea3 Private space 1,75 1,75 1,75 

[ Total 8,75 8,75 8,75 

Management 

Subject Minimum Best practice MaxilT\um 

Man 1 Home user guide 0 2 3 
Man2 Considerate constructors 0 0 1 

Man3 Construction site impacts 0 0 0 
Man4 Security 0 0 2 

Total 0 2 6 

Total 26.24 32.99 46.57 
---
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