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Abstract 
There is a strong need for a total package of earth friendly building designs. However sustainable 
architectural design management is a problem. At present it is difficult in the conceptual design 
stage to define the life cycle performance of buildings in an objective way with regards to efficiency 
and sustainability. The goal of this project is to design buildings with less load on earth's 
environment. To reach this aim the following research questions need to be answered: 

a. Which buildings in the Netherlands, Germany and England have the best intelligent 
building designs according to the 6S model? 

b. What is the usefulness of the sustainable building assessment tooi "Ecological Footprint" 
for earth friendly designs? 

c. Are all sustainable building assessment tools cernparabie for designing earth friendly 
buildings? 

Considering what makes a good sustainable building, results in multiple interpretations basedon 
the different background, training and experiences of the people who answer the question a bout 
how good a building is. 

Public policy is aimed at reg u lating the outcome performance of energy related aspects of 
buildings through legislation or certification. However this is complex as there are quite a number 
of different sustainable building assessment tools available, such as Ecological Footprint, 
Greencalc+, BREEAM and LEED among the most popular ones. 

What is needed is a new integral design approach which enables to integrate the different aspects 
of sustainable buildings in a supportive framewerk during process and how to support this, so that 
the decisions about fulfilling sustainable aspects in the design are made transparent for all 
stakeholders within the design process. Only then there will be a good basis for sustainable 
architectural design management. 
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1 Introduction 
The General Public became aware of the problems with sustainability when AI Gore sounded the 
alarm bells with his 'inconvenient truth' World tour. Since then sustainability has been high on the 
political agenda. More recently the insight has risen that sustainable development calls for a 
balance between the economy, social values and ecology. Sustainability (Profit. People and 
Planet) has become an important factor in all decisions making processes in building 
development. It will soon be the major guiding principle for building planning practice. This calls for 
new design approaches. At each level in the design process different decisions have to be taken. 
However this is rather complex to integrate in the early stages of building design as many other 
aspects have to be taken into account. 

What is needed is a new design approach which enables the integration of the different aspects of 
sustainable buildings in a supportive framework during the design process. Design tools for the 
sustainability of the building environment in the conceptual phase of design combined with Multi 
Criteria Decision methods of today are lacking. Decision support tools are meant to help by 
providing methods to communicate the consequences of design steps. In particular the use of 
evaluation aspects from sustainability assessment tools within decision support tools, will support 
the early conceptual steps within the design process and will make decisions taken during the 
design process more transparent. 

The goal of this report is to design buildings with less load on earth's environment. To reach this 
aim the following research questions need to be answered: 

a. Which buildings in the Netherlands, Germany and England have the best intelligent 
building designs according to the 6S model? 

b. What is the usefulness of the sustainable building assessment tool "Ecological Footprint" 
for earth friendly designs? 

c. Are all sustainable building assessment tools comparable for designing earth friendly 
buildings? 

Some buildings in the Netherlands, Germany and England are being used as an example 
(appendix 1). These buildings are selected from: 

.. The Novem CD-rom II All thirteen good" [Ref. 1]. The six best intelligent building designs are 
selected for this research. Its selection is based on the information of the other student's 
reports [Ref. 2]. 

~ WWF in Zeist started with a new assessment tool "Ecological Footprint". The building is 
selected because it uses many harmless materials and durable energy systems. 

.. The project "EULEB - European high quality Low Energy Buildings" provides information 
on existing public non-residential high quality and low energy buildings from all over 
Europe. The website [Ref. 3] contains data, images, video clips, diagrams etc. of twenty
five European buildings in use. Besides general descriptions of the buildings, special 
features of the buildings are described in more detail. The overall energy consumption of 
the buildings is presented based on monitored values. The project is partially funded by the 
"Intelligent Energy Europe" program of the European Commission. Three buildings in 
Germany and two in England are selected for this research because these buildings have 
the same climate as the selected buildings in the Netherlands . 

.,. Three buildings in Germany are selected based on the information of earlier student's 
reports [Ref. 2]. 

"*' Three buildings in the Netherlands are added later to the report. These buildings are XX
building in Delft, Cradle to cradle office in Amsterdam and Rabobank in Utrecht. 
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A literature study is done for the first research question to determine the relationships between 
criteria in the 68 model (chapter 2). A morphologic graph is used as an expedient resource to find 
out which criterion is more important than another. With this analysis criteria will be divided into 
several groups. The need for weight factors for these groups is described in chapter 2. An analysis 
of each building with the 68 model groups is described in the results (chapter 3). Discussion of 
these results is given in chapter 4. 

To validate the usefulness of the sustainable building assessment tooi "Ecological Footprint" fitteen 
buildings are used for this literature study question (chapter 2.2). The sustainable building 
assessment tooi "Greencalc+" is used to check this program. The assessment tools are a lso 
compared for the groups and their subjects. Th is is done to find out which group/subject has a big 
inttuenee on the load of earth's environment. The results of both assessment tools are described in 
the chapter 3.2 and 3.3. The discussion of these results is given in chapter 4 .2 and 4.3. Proposals 
tor improvement are described in chapter 4.4 for new designs of buildings which reduce the load on 
earth's environment. 

To investigate the comparability of all sustainable building assessment tools eight buildings are 
selected forthelast literature research question. The five bestbuildingsof the previous research 
question checking the usefulness of "Ecological Footprint" are selected. The buildings XX-building 
in Delft and Cradle to eradie office in Amsterdam are added to this study because they use many 
materials which can be recycled. The building Rabobank in Utrecht is also edited to the study 
because it is a new state of art building in the Netherlands. The results of the comparison between 
all sustainable building assessment tools with one another are described in chapter 3.4 and 3.5. In 
chapter 3.4 this is done for each group of all the assessment tools. The discussion of these resutts 
is given in chapters 4.5 and 4.6. 

All eight building are also investigated with the assessment tooi "Kesselring" (chapter 2.4). lt is a 
often used method for makinga reliable choice at a number of alternatives. The results of the 
comparison between all buildings with the sustainable building assessment tooi "Kesselring" is 
described in chapter 3.6. The discussion of these results is given in chapters 4.7. 

Points for improvement of the sustainable building assessment tools "LEED", "BREEAM", 
Ecological Footprint" and "Greencalc+" are given in chapter 4.8. 
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2 Methodology 

2.1 Step1: Camparing buildings with 6S-model 
Fitteen buildingsin the Netherlands, Germany and England (buildings code a to o) will be 
compared with each other by means of the 6S model. These are site, shell, skin, services, space 
plan and stuff. Each "s" has a criterion which will be checked for each building. These criteria are 
given in appendix 2.1. Each criterion has a couple of possibilities. For example: there are seven 
possibilities at the criterion "location". Each building gets a mark between 1 and 7 for this item. 
This mark is given in appendix 2.2 and 2.3 for each building . All criteria are analysed for each 
building and results are given in appendix 2.4. 

Not all criteria are equally importantfora good judgement of the building. Weight factors are used 
to get a good relationship between the criteria. These factors are given for each criterion in table 
A2.6 of appendix 2.5. Toselect the right weight factor for each criterion, relationships between 
criteria must be investigated. The relationship between the criteria is given in appendix 2.5. 

A matrix comparison is used as an expedient resource to find out which criterion is more important 
than another. This graph (table A2.7) is given in appendix 2.5. Some criteria have a relationship 
with each other. There are two types of relationship between criteria, namely: 

x : The horizontal criterion is more important than the vertical criterion. 
0 : A horizontal and vertical criterion have a relationship but they are equally 

important. The two criteria have the same weight factor. 

Determination of the weight factors is a difficult issue. With a matrix comparison (table A2. 7 in 
appendix 2.5) a good analysis is made between the relationships of all the criteria. There are three 
groups of criteria, namely: main criteria, second criteria and third criteria. 

To investigate the criteria by weight factors three cases are possible [Ref. 5], namely: 
Case 1: Condition (n-1) >> g1 ~ 7. lnfluence ofweightfactors is negligible. 
Case 2: Condition = g1 > 7. lnfluence of weight factors is small. 
Case 3: Condition (n-1) << g1 < 7. lnfluence of weight factors is clearly present. 

n= Number of criteria in a group. 
g 1 = Highest of the weight factor. Th is is a maximum 7. 

There are just three groups of criteria so the influence of weight factors is clearly present. 
The main criterion gets a weight factor of 7. For the second criterion a weight factor value of 5 is 
chosen. For the third criterion this is 3. 
After analysing weight factors for each criterion the results will be calculated and are placed in 
table A2.6 of appendix 2.5. 

2.2 Step 2: Comparison 11Ecological Footprint" and 11Greencalc+" 
"Ecological Footprint" analysis compares human demand on nature with the biosphere's ability to 
regenerate resources and to provide services [Ref. 4]. lt does this by assessing the biologically 
productive land and marine area required to produce the resources which a popuiatien consumes 
and absorb the corresponding waste, using prevailing technology. This approach can also be 
applied to an activity such as the manufacturing of a product or driving a car. 
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Th is resource accounting is similar to life cycle analysis in which the consumption of energy, 
biomass (food, fibre), building material, water and other resources are converted into a normalized 
measure of land area called 'global hectares' (gha). 

The Office Ecological Foetprint Calculator is a questionnaire which is used for an estimation of 
how much land it takes to run and maintain an office. The input values for this sustainable building 
assessment tooi [Ref. 5] are divided into the following groups: 

Building and construction: Floor area, number of levels, ground area of the base of the 
building, area outside of the building, expected life of building in years and number of 
employees werking in the building. lnformation about any green design of the building, 
percentage of recycled aggregate in concrete, %of extenders in concrete (fly ash or slags), 
use of second hand building products (%), use of recycled materials (%). 
Energy & water: How much electricity does your office use, purchase energy supplied from 
renewable sources, use of natural gas on a building and how much water is used per 
month? 
Food: Estimate expenditure like catering and business lunches, beer, wine, spirits, milk, 
tea, coffee, sugar and biscuits. 
Travel: How do people travel to and from the office? By car on their own, car with others, 
bus, train , tram, light rail, motorcycle, scooter, walkingor cycling. How many return trips are 
made at work? Does your office own or lease company vehicles? Total km/month travelled 
by people in your office. How many kilometres do staff travel by airplane for business? 
International and dornestic flights. 
Consumable items: Office paper consumption (locally produced or imported). Average 
recycled content of all office paper consumed. Printed materials and publications produced. 
Spending on subscriptions to publications, on computers, on printer equipment and on 
other stationary. 
Recycling : What percentage of paper used in your office is recycledor re-used? What 
percentage of cans, botties and equipment in your office is re-used? 

Less input values will be used for the sustainable building assessment tooi "Ecological Footprint" 
because a comparison will be made with an assessment toollike "Greencalc+". Only the groups (i) 
Building and construction, (i i) Energy, (i i i) Water and (iv) Travel of the program "Ecological 
Footprint" will be compared. Subjectsof the groups "Energy & Water'', and "Travel" are unknown 
input values. These values can be calculated using the formula which are given in appendix 3.1. 
Spreadsheets for determining these values are given in appendix 3.2 and 3.3. All fitteen buildings 
will be analysed on their load of earth's environment. The analysis is given in a spreadsheet which 
is shown in appendix 3.4. 

Notall subjects have an equalload on earth's environment. To investigate which subject is more 
important than another an expedient study is performed. This expedient study is split into four 
groups and these are given in appendix 3.5. Measurement points are chosen for each subject to 
investigate research the influence of a subject on earth's environment. 

Greencalc+ 
The development of "Greencalc" started in 1997. The "Greencalc+" assessment method is a 
questionnaire which is used for an estimation of how much land it takes to run and maintain an 
office. lt can be used to calculate what the developers call the environment index of a building. 
This is done by calculating the environmental impact of the buildings by Life Cycle Analysis (LCA). 
The sustainable building assessment tooi "Greencalc+" consists of four modules, each represents 
a different aspect of the building characteristics; "Mobility", "Materials", "Water'' and "Energy". 
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The input va lues for this program [Ref. 6] are divided in the following groups: 
Materia Is 

o Floor area, number of levels, ground area of the base of the building, area 
outside of the building, expected life of building in years and number of 
employees werking in the building. 

o lnformation about green design of the building, percentage of recycled 
aggregate in concrete, % of extenders in concrete, use of second hand building 
products (%), use of recycled materials (%). 

Energy: How much electricity does the office use, purchased energy supplied from 
renewable sourees and use of natural gas for the building? 
Water: How much water is used per month? 
Travel to and from work: How do people travel to and from work by car, public 
transportation, walking and cycling? 

The same buildings of chapter 2.1 will be analysed on their load of earth's environment. The input 
and output values of these building for this program are given in a spreadsheet of appendix 4 . The 
sa me expedient research is done to investigate the usefulness of the program "Ecological 
Footprint". 

2.3 Step 3: Camparing Ecological Footprint and Greencalc+ with LEED and 
BREEAM 

Based on the experience gained with the former comparison of buildings the focus now becomes 
sustainability. Asthere are many sustainability building rating systems, with "LEED" [checklist of 
LEED, Ref. 7] and "BREEAM" [checklist of BREEAM, Ref. 8] as the most popular ones, two 
alternative assessment tools are taken into this comparison. These assessment tools are 
"Ecological Footprint" and "Greencalc+". Important is also the right set of buildings which are 
compare the different methods. Therefore in the second stadium of this research four buildings 
with the lowest energy performance coefficient (EPC) and the building with the highest excepted 
life from the previous stadium are chosen for the evaluation. Tolook for sensibilities three new 
buildings are added. These buildings are developed with a specific sustainable design strategy: 
WWF building in Zeist (zero C02 emissions), XX building in Delft (calculated life expectation 20 
years) and the first Cradle toeradie office in Amsterdam. So the buildings are: 

LEED 

Hoogheemraadschap (Code c). 
Thermo staete (Code d). 
WWF (Code g). 
Spherion (Code j). 
Energy forum (Code k). 
XX building (Code p) [Ref. 9, 10 and 11]. 
Cradle toeradie office (Code q) [Ref 12]. 
Rabobank (Code r) [Ref 13]. 

"LEED" is developed by the US Green Building Council (USGBC) for the US Department of 
Energy. 
The pilot version (LEED 1.0) for a new construction was first launched at the USGBC Membership 
Summit in August 1998 (Lee and Burnett 2007). The most current "LEED" for new Construction 
Version 2.2 was released in November 2005. Current versions for other building types, including 
schools, homes etcetera is released in 2006. So far "LEED" is one of the most recognized building 
environmental assessment schemes. "LEED" registered projects are in progress in 24 different 
countries, including Canada, Brazil , Mexico, India, China and US. 
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The LEED reference Guide presents detailed intermation on how to achieve the credits which are 
divided in the following groups: 

Sustainable site: construction related pollution prevention, site development impacts, 
transportation alternatives, storm water management, heat island effect and light pollution. 
Water efficiency: landscaping water use reduction, indoor water use reduction and 
wastewater strategies. 
Energy & atmosphere: commissioning, whole building energy performance optimization, 
refrigerant management, renewable energy use, measurements and verification. 
Materials & resources: recycling colleetien locations, building re-use, construction waste 
management, the purchase of regionally manufactured materials, materials with recycled 
content, rapidly renewable materials, salvaged materials, souree control and sustainable 
forested wood products. 
Indoor environmental quality: outdoor air delivery monitoring, increased ventilation, 
construction indoor air quality, use of low emitting materials, souree control and 
controllability of therm al and lighting systems. 
I nnovation & design process: LEED accredited professional and innovative strategies for 
sustainable design. 

BREEAM 
The first Building Research Establishment Environmental Assessment Method (BREEAM), is 
launched and operated by the Building Research Establishment (BRE) in the UK, has come into 
prominenee in 1990. The current "BREEAM" version for non-domestic premises is BREEAM 2008. 
lt is one of the best-known schemes and has embraced 15-20% of the new office building market 
in the UK. "BREEAM" is also been taken as a reference model when similar schemes are 
developed in Canada, New Zealand, Norway, Singapore and Heng Kong. The input va lues for this 
program are divided in the following groups: 

Management: commissioning, monitoring, waste recycling, pollution minimization and 
materials minimization. 
Health & wellbeing: adequate ventilation, humidification, lighting and thermal comfort. 
Transport: emissions and alternative transport facilities. 
Water: consumption reduction, monitoring and leak detection. 
Materials: recycling facilities re-use of structures, façade or materials, use of crushed 
aggregate and sustainable timber. 
Land use: previously used land and use of remediated contaminated land. 
Ecology: land with low ecological value or minimal change in value and maintaining major 
ecological systems on the land and minimization of biodiversity impacts. 
Pollutions: leak detection systems, onsite treatment, local or renewable energy sources, 
light pollution design, avoid use of ozone depleting and global warming substances. 

2.3.1 Comparison between sustainable building assessment tools 
For a goed cernparisen between all the sustainable building assessment tools they need to be 
analysed with the same subjects and similar dimensions. Th is means that some credits of the 
assessment tools "LEED" and "BREEAM" cannot be used in the cernparisen with the assessment 
tools "Greencalc+" and "Ecological Footprint". The overview of allbuildingsis given in appendix 5. 
Then all the assessment tools need to be compared with one another. "LEED" and "BREEAM" 
calculate in credits. "Greencalc+" calculates in earth's environment costs and "Ecological 
Footprint" in global hectares. To be able to cernpare the different sustainable building assessment 
tools all dimensions should be expressedinpercentages (%). The calculations are given in 
appendix 6. 
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The maximum score of 95% is given tobest building of each group ("Energy", "Transport", "Water'' 
and "Materials land use and ecology''). This is not 1 00% because buildings can always be 
improved. 
Evaluations of all assessment tools for the buildings are given in appendix 7. 

2.4 Step 4: Results of the comparison differently represented 
An often used tooi for making a reliable choice from a number of alternatives is the Kesselring 
method. Th is method has two groups, namely: "Function" and "Realisation". 
Users will influence the tunetion of a building during its design phase and manufacturers will 
influence the realisation. The groups have several subjects: 

Realisation: 
o Sustainable site: Location, transportation and site development. 
o Materials & resources: Regional materials, rapidly renewable and recycled 

materials, materials and glass used with low energy loss and passive cooling. 
Function: 

o Water efficiency: Water use and water efficient landscaping. 
o Energy & atmosphere: Energy performance, on-site renewable energy and C02 

emissions. 
o Indoor environmental quality: Daylight entrance, natural ventilation and heat 

exchange by mechanica! ventilation. 

The same buildings of chapter 2.3 will be analysed. Alternatives for subjects are given in appendix 
8.3. Values of the subjects for the group "Function" or "Realisation" are based on their load on 
earth's environment. A higher mark indicates less load on earth's environment. 
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3 Results 

3. 1 65-mode/ 
Results of the seven buildings in the Netherlands, six in Germany and two in England are divided 
into the 6S criteria aspects site, shell, skin, services, space plan and stuff. An overview of these 
results is given in the table 3.1 . Each has an average score for the buildings and a total score tor 
each building. lnformation about all buildings is given in appendix 2.2. Each subject of a building 
has its own score. The total overview of all the subjectsis given in appendix 2.3. A maximum 
score is given for each subject. The subject score is divided by the maximum score and multiplied 
by the weight factor. These results are given in appendix 2.4. All subjects of a criteria aspect will 
be added up for each building. These scores are given in the table below. 

T bi 31 S a e .. cores d" "d d. f I t db ld" . th N th I d G lVI e m groups or se ec e UI mgsm e e er an s, ermany an dE I d ng1an . 
Buildings The Netherlands Germany England 

Q) Ql Cl -Cl :0 "0 ·~ c ' c Ql c Ql "0- Ql - 0 2- w 
~ co u .gJ "0 Cl 8 "0 Cl 1/) Ql .... E Ql (J) 1/) "0 [!! Ql Ql 0 0 Ql Ql "- 0 

ü5 -.... Ql 8 :::J ::" 0 E"8 .i!! 8 0 "0 .... t-o :::J .... 1/) 
..0 .s=. 8 - Ql .... ' ~-

Ql 
f-- Qlu 1/)- c 0 := Ql 0 c .E- c u_ Ql c 8 >u oE .... co Ql .._.. o"O 

~ 
COC 0 0 >-~ ëii ==- :Ec Cl Ql Ql E .s=.a. E Ql ~Ql - 1/).._.. 

ï:::::: .s=.Ql "êQl 0 Ql co 

~ 
~~ C)Ql 

Criteria .... "0-o :::J Cl co '-"0 0 1/)"0 - Ql '-"0 0::-o :::J"t:l w-o Ql c 0 .... O.s=. Ql 0 iS=: "00 1/) CO:: .s=. Ql 0 Io co 0 0:: 0 
as_I>ects ~ Qlu 0 0 u i-'=8 0 .i!! u o_ 

~z 
a. cu u..8 '-U m8 :::.:::.._.. u.. I lil I U)._.. a..s=. (J) w.._.. u.. .._.. 

Site 12.5 10.6 11 .3 12.4 11 .8 12.6 12.7 12.2 12.4 12.0 13.8 14.5 14.5 13.0 12.3 
Shell 22.8 22.6 21.6 21 .6 26.6 21.9 23.5 24.8 24.1 22.9 24.9 25.9 17.5 21.4 20.5 
Skin 13.0 11.0 14.5 15.6 12.6 11.2 12.0 13.4 14.1 13.6 14.1 12.6 13.5 12.4 11 .9 
Services 21.7 22.8 21.1 21 .7 21 .1 20.6 21.4 23.5 20.4 22.0 20.8 25.6 21.4 20.9 21.8 
S_p_ace plan 4.7 3.6 6.0 5.0 4.6 6.0 3.6 5.3 5.0 4.1 5.0 5.0 4.1 2.7 4.6 
Total 74.7 70.6 74.5 76.3 76.7 72.3 73.2 79.3 76.0 74.5 78.7 83.6 71.0 70.5 71.2 

The best five buildings are: (i) Energy forum, (ii) \IINJF, (iii) Spherion (iv) Thermo staete and (v) 
Hoogheemraadschap. All of these buildings have higher scores for several criteria aspects than 
the average building. 

~ 
.s=.-
Qî 0 
..OQl 
CO"O 
N 0 
=u w.._.. 

10.8 
22.4 
12.8 
19.7 
6.0 

71.7 

Note: Some of the subjects in criteria aspects, which are given in table A2.5 of appendix 2.4, are 
not added in the overview of the results in table 3.1. This is because some buildings in Germany 
and England are missing the information onsome subjects. To make a good comparison between 
the buildings in each country results for Dutch buildings had to be changed. This was done by 
excluding some subjects of its calculation. There is a minor ditterenee between the results in table 
A2.5 and table 3.1. 

3.2 Sustainable building assessment too/ 11Eco/ogical Footprint" 
Input values of the assessment tooi "Ecological Footprint" and the impact on earth's environment 
tor each building are given in appendixes 3.2, 3.3 and 3.4. The buildings "Hoftoren" and "Post 
tower" have the highest total load on earth's environment. But these buildings are also the tallest 
buildingsof all selected buildings. To get a good comparison between the buildings some subjects 
need to be divided by floor surface and others by the number of employees. Input values arealso 
"building orientated" and others are "building organisation orientated". 
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The building orientated values are divided into subgroups: (i) Building construction, (ii) Utilities and 
(iii) Travel from and to werk. The differences between subgroups and their subjects for "Ecological 
Footprint" for the buildings will be shown in this chapter. The comparison between the subgroups 
for both assessment tools is made in chapter 3.3. 

Impact of building construction and utilities 
An overview between the buildings in the Netherlands, Germany and England is given in graph 
3.1. The given scores represent earth's environment lead by building construction and utilities. The 
following items are calculated for the totalload from the utilities: Gas use of the building, electricity 
use of its building installations and electricity use of artificial lighting. 

Graph 3.1. Relationshlp between load on earth environment and "buildings". 
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lt is clear from graph 3.1 that some of the buildings have a higher lead on earth's environment than 
ethers. Looking closely at this overview the criterion "Building constructions" has more influence on 
earth's environment than the subject "Utilities". 
There is a huge fluctuation between the buildings for the criterion "Building constructions". For 
example: The totalload on earth's environment for the building "Kender Thijssen" is around 0,05 
hectare/m2 floer area. For the building "Hoogheemraadschap" this is around 0,025 hectare/m2 floer 
area. 

By changing the input va lues of the group "Building and construction" the impact on the total lead 
on earth's environment can be analysed. The building "Energy forum in Berlin" is used as an 
example for this analysis (table A.3.1. of appendix 3.5). The main influencing factors for the group 
"Building constructions" in the lead on earth's environment are given in graph 3.2. Codes of input 
values are given below: 

Basis data (code: a). 
Changing use of secend hand building products to 25% (code: e1) and 50% (code: e2). 
Changing use of recycled materials to 25% (code: f1) and 50% (code: f2) . 
Changing expected life ofthe building to 20 years (code: i1}, 25 years (code: i2}, 30 years 
(code: i3) and 40 years (code: i4). 
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Graph 3.2. Relationship between load on earth's environment and "changed input values". 
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After analysing the subjects of this criterion (graph 3.2) the following subjects have a huge impact: 
Use of second hand building products (%), use of recycled materials (%) and expected life of the 
building. Relationships between the total load on earth's environment and the subjects which have 
a huge impact are given in graphs 3.3 and 3.4. The graphs are expressed in: 

.!. Totalload (/m2
) against percentage used second hand building products or percentage 

used recycled materials. 
T otal load (/m2

) against expected life of the building in years. 

Graph 3.3. Relationship between load on earth's environment and "changing use of .... .. (%)". 
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Graph 3.4. Relationship between load on earth's environment and "changing expected life of the 
buildlngs". 

Totalloed on earth'a enwironmeflt 

0.05000 

~ 
~ 

~ 
"1E-416x'~O.! ~-0.007:à1'0 13116 

~ 
~ ----. 
~ -

0.041100 

I 0.~ 
ct 

I 0 .031100 

0.03000 

0 .021100 

0 .02000 

20 2!1 

lt is clear trom the a na lysis of the subjects that trom the group "Energy" (appendix A.3.5. point 2) 
the following subjects have an impact: (i) % total energy supply trom renewable sourees (main 
impact) and (ii) electricity use by heat demand. 
Relationships between total load on earth's environment and the subjects which have a huge 
impact are given in graphs 3.5 and 3.6. The graphs are expressed in: 

4 Totalload (/m2
) against percentage of total energy supply trom renewable sou rees. 

4 T otal load (/m2
) against need tor heat. 

Graph 3.5. Relationship between load on earth's environment and "total energy supply from 
renewable sou rees". 
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Graph 3.6. Relationship between load on earth's environment and "need for heat". 
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lnfluence of heat release from employees on electricity use 
Employees are transporting body heat to their environment. This means that in cold weather 
conditions less heat capacity is needed from the heating system. But more cold capacity is needed 
tor hot weather conditions. 
In table A3.6 of appendix 3.5 (point 2) the lead of employees in each building is calculated against 
electricity use during the year. The reduction in electricity use is around 5 to 10% for a building. 
Boundary condition for this calculation is that 50% of all employees are present in the building. 
The sustainable building assessment tooi "Ecological Footprint" does not calculate this reduction in 
its software. 

Relationship between the use of electricity and gas 
The relationship between the total lead on earth's environment and the three chosen energy 
systems is given in table A3. 7 of appendix 3.5 (point 3). There is a minor difference in the total 
lead on earth's environment for the three chosen energy systems of each building. 
The lead of electricity use will drop in some energy systems, but these systems have a higher lead 
on gas use. 
Electricity use for heat demand will drop when less capacity of heating pumps has been installed, 
because more heat will be generated by gas use. The total electricity use of the systems during 
winter and summer is given in table A.3.7 of appendix 3.5 (point 3). 

Impact of transportation by employees 
In the sustainable building assessment tooi "Ecological Footprint" transportation by employees is 
split into people whotravel by car, carpooling, public transport, motor cycle, scooter, bicycle or 
walking [Ref. 3]. 
In table A.3.8 of appendix 3.5 (point 4) is shown that employees of the buildings have different 
lead on earth's environment. The building "WWF" has the lewest lead. This is probably caused by 
its organisations earth friendly thinking. 
In the sametableis shown that private car use has the highest lead on earth's environment. The 
amount of employees travelling by car has no influence on the average lead of earth's 
environment for a car owner. But there is a difference between the buildings at the subject public 
transportation. 
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In table A3,9. of appendix 3.5 is shown that this difference is caused by the amount of bus to 
train/tram use. An explanation for this result is probably the lower travel distance by this 
transportation against train/tram use. 

3.3 Checking "Eco/ogica/ Footprint" with "Greencalc+" 
The same buildings are checked with the sustainable building assessment tooi "Greencalc+". lt 
calculates all the input values which are divided into four groups, namely: (i) Materials, (ii) Energy, 
(iii) Water and (iv) Transportation to and from werk. All input values are given in appendix 4.1 and 
4.2. This check will be further explained in this chapter. 

Materials 
The relationship between type of wall/floor and total life time of a building is given in appendix 4.3. 
This is also shown in the graph below. The earth's environment costs will be lower when a building 
has a longer lifespan. 

Graph 3.7. Relationship between load on earth's environment and the subject "expected life of a 
building". 
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The sustainable building assessment tooi "Ecological Footprint" gives the same results as the 
assessment tooi "Greencalc+". Changing to a longer expected life for a building means less lead 
on the earth's environment. This is shown in graph 3.2. "Relationship between lead on earth's 
environment and changed input values". 
The ditterences between the assessment tools is that "Ecological Footprint" expresses the value in 
global hectare (gha/m2

) and "Greencalc+" in earth's environment costs (€/m2
) . 

Comparing energy use between the sustainable building assessment tools 
The assessment tools programs are expressing their calculations in two different values, namely in 
global hectare for "Ecological Footprint" and in earth's environment costs (€) for "Greencalc+". To 
cernpare these assessment tools the results need to be calculated with kWh/yr. The results of 
these calculations are given in appendix 6.1. 
The fin al results (in kWh/yr) for all the buildings of sustainable building assessment tools are 
shown in appendix 4.4. 
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The ditterences between the assessment tools (expressed in percentages) are given in graph 3.8. 
A positive ditterenee means that "Ecological Footprint" has a higher electricity use calculated. 

Graph 3.8. Relationship between the assessment tools wlth groups at electricity use. 

Graph 3.8 shows that there is a minor ditterenee in the calculation of electricity use between the 
sustainable building assessment tools. The subject "cooling" is not added to the graph for both 
programs. Since it is shown in appendix 4.4 that the assessment tooi "Greencalc+" calculates a 
small amount of cooling and not the total cold need. 

Relationship between materials and energy consumption 
Relationship between the sustainable building assessment tools "Ecological Footprint" and 
"Greencalc+" need to be calculated in percentages(%) otherwise they cannot be compared with 
one another. The results are shown in appendix 4.5. The final results (in%) are shown in graph 
3.9. 

Graph 3.9. Relationshlp between the assessment tools with matenals and energy use. 
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The graph above shows that there is a big ditterenee into the ratio of materials divided to the 
groups "Materials" and "Energy". Calculations with the assessment tooi "Ecological Footprint" 
result in a higher ratio of materia Is (graph 3.1 ). 
On the other hand the assessment tooi "Greencalc+" energy has a higher load on the earth's 
environment than materials. The big ditterenee is probably caused by the feature that the 
assessment tooi "Ecological Footprint" calculates "Materials" from raw material until recycling with 
all needed equipment and transport. "Greencalc+" only looks at the construction of materia Is of the 
building site and transport to the site. Trends of the points in the graph are al most similar. lt is 
ditticuit to cernment on this, because the influence on earth's environment of raw material until 
readyfortransport to the plant is unknown. 

Relationship with water between the sustainable building assessment tools 
Use of water has a minimum load on earth's environment. The results are shown in both 
sustainable building assessment tools. The relationship between "Energy" and "Water use" for 
some buildings are given in table 3.2. Both assessment tools show a very huge ditterenee 
between energy and water usage. 

T bi 3 2 R I f h" b tw a e .. e a •ons 1p e een th e assessmen t t I "th I d OOSWI oa on ea rth' · nment. s env1ro 
ecological tootprint (in global 

hectare) Greencalc+ (€) 

Building Electricity_ use Water use Electricity use Water use 

Kender Thijssen 372,1 0,2 50.776 794 

Therrno Staete 41 ,0 0,1 6.962 115 

Hoftoren 1636,9 1,6 313.254 13.237 

Stadskantoor 170,0 0,1 33.607 1.324 

\N'IVF 72,3 0,1 13.661 230 

Energy forum 579,7 0,2 94.816 2.118 

Transportation by employees to and from their work 
Results from pollution by transportation by employees for all buildings are given in appendix 4.6. 
The largest amount of pollution comes from global warming and human toxicity. 
Global warming, human toxicity and acidic rain of phosphates have the highest earth's 
environment costs. The ditterences between the buildings in the amount of pollutions per 
employee are caused by: 

Percentage of employees who use a car. 
Percentage of employees who use public transportation. 
Number of kilometres that employees travel by car or public transportation. 

Car versus pubtic transportation 
The assessment tooi "Greencalc+" is used to check the relationship between car use and public 
transportation for the load on earth's environment. The building "Energy forum" is chosen as an 
example. The input values for car and public transportation use by employees is given in appendix 
4.6. 
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Graph 3.1 0. Relationship between amount of pollutions and car/public transportation use. 
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Graph 3.10 shows that pollution of global warming and human toxicity are expressed against the 
factor of car/public transportation usage. Private car usage has a much higher lead on earth's 
environment than public transportation. The assessment tooi "Ecological Footprint" gives the same 
results tor car versus public transportation. 

3.4 Camparing all sustainable building assessment tools 
Many subjects are checked with sustainable building assessment tools "LEED" and "BREEAM". 
Only some subjectscan be used for the cernparisen with "Ecological Footprint" and "Greencalc+". 
These assessment tools u se only subjects like "Materials, land u se & ecology", "Energy", "Water" 
and "Transport". All assessment tools are expressed in different va lues, namely: 

4t Global hectares tor "Ecological Footprint". 
Earth's environment costs (€) for "Greencalc+". 

6 Credits tor "LEED" and "BREEAM". 

To cernpare all assessment tools, they need to be calculated in percentages per subject tor each 
building (%). The results of these calculations are given in appendix 6. The results of the 
cernparisen of each specific aspect of the different assessment tools and buildings are given in 
graphs 3.11 to 3.14. 

Subject "Energy" 
Graph 3.11 shows that the results trom all assessment tools are similar. Despite the tact that 
"LEED" and "BREEAM" use credits insteadof real values (in kWh or kWhe) like "Greencalc+" and 
"Ecological Footprint" only minor ditterences in energy reduction occur tor each building result. 

16 



Graph 3.11. Results of all assessment tools at the subject "Energy". 
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Subject "Transport" 
Graph 3.12 shows that the sustainable building assessment tools "LEED" and "BREEAM" have 
less fluctuation than "Greencalc+" and "Ecological Footprint". The building "Rabobank" has a 
higher result in this subject than "BREEAM". Th is effect is caused by the building's location. lt is 
close to the central station of Utrecht. Only the building "Thermo staete" at the assessment tooi 
"LEED" has no credit for "Alternative Transportation, parking Capacity". Four of the buildings at 
"BREEAM" have a lower score. Th is is mainly caused by the number of points for the subject T02 
(description in subject "Transport" appendix 5.3). These assessment tools do nat look at the 
frequent use of transportation possibilities (for example car use). This is probably why these tools 
give different results than the tools "Greencalc+" and "Ecological Footprint". "Greencalc+" has 
more variations between buildings than "Ecological Footprint". The effect of car use for the 
assessment tooi "Greencalc+" is the cause for this huge variation. 
Only the buildings "WWF", "Energy forum" and "Rabobank" have a high score in reduction of the 
laad on earth's environment because of low car usage by their employees. 
The effect of car use gives for the assessment tooi "Ecological Footprint" a similar pattern as 
"Greencalc+". Only variations between the building results are more reduced. 
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Graph 3.12. Results of all assessment tools for the subject "Transport". 
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Subject "Water" 
Graph 3.13 shows that there is minor variatien in percentages of water use between all buildings 
for the sustainable building assessment tools "Ecological Footprint" and "Greencalc+". The 
buildings with lower percentages only have pantries, ethers have cafeterias. 
The assessment tools "BREEAM" and "LEED" have equal scores between the buildings because 
there is no ditterenee in rewarding the number of credits. 

Graph 3.13. Results of all assessment tools for the subject "Water". 
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Subject "Materials, land use and ecology" 
Graph 3.14 shows that the sustainable building assessment tooi "BREEAM" has similar scores for 
many buildings, because there is no ditterenee in the number of credits betweenone another. Only 
the buildings "XX- building" and "Cradle to eradie office" have higher scores because in these 
buildings more recycled materials are used. 
There is variatien in the results of the assessment tooi "LEED". "Use of recycled materials" has 
also for this assessment tooi a more positive result for the buildings "XX- building" and "eradie to 
eradie office". 

The results for the sustainable building assessment tools "Greencalc+" and "Ecological Footprint" 
have a similar trend line. "Expected life of the building", "use of recycled materials" and "use of 
second hand materials" have a huge positive effect which results in less load on theearth's 
environment. For example: The "expected life of the building" for the building 
"Hoogheemraadschap" is higher than for the building "Thermo staete". Th is causes the variatien in 
results forthese buildings (graph 3,14). 
The buildings "XX-building" and "Cradle to eradie office" have higher scores which are caused by 
more "use of recycled materials" than the other buildings. 

Graph 3.14. Results of all sustainable building assessment tools for the subject "Materials, land 
use and ecology". 
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Total result comparison for equal groups by using weight factors 
Each group does not weight the same in the analysis of each sustainable building assessment tooi 
because each organisation of these assessment tools are thinking differently in the partition of the 
groups. To get a good comparison all groups should be measured equally. 
The total result for the four groups with weight factors for the sustainable building assessment 
tools shows that there is a rather huge variatien in total score for each building. Th is is shown in 
graph 3.15 (table in appendix 6.2). 
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The assessment tooi "LEED" shows the highest results of all sustainable building assessment 
tools. In generai "LEED" shows the highest scores for each group (tables 3.11 to 3.14). 
The assessment tools "Ecological Footprint" has the secend highest results of all the assessment 
tools. The group " transport" (tables 3.12) is higher for this assessment tooi than "Greencalc+" or 
"BREEAM". 
The assessment tools "BREEAM" and "Greencalc+" give lower results. These lower total results 
are caused mainly by the results for the group "Transportation" (table 3.12). 
All of this makes it very difficult to use them as a management tooi within the sustainable 
architectural design. 

Graph 3.15. Results of sustainable building assessment tools for all groups with weight factors. 
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Total result comparison without weight factors 
There is more variatien in the total result without weight factors for all assessment tools (graph 
3.16 and table in appendix 6.2) than in the total result with weight factors for all assessment tools 
(graph 3.15 and table in appendix 6.2). 

The assessment tooi "LEED" still shows the highest results of all sustainable building assessment 
tools. However the ditterenee with the assessment tooi "BREEAM" is smaller. 
The assessment tools "Ecological Footprint" and "Greencalc+" have, in genera I, lower results for 
all eight buildings than the ether assessment tools. The total result with the assessment tooi 
"Ecological Footprint" has a similar trend as its group "Materials" (table 3.14). 
All of this makes it very ditticuit to use them as a management tooi within the sustainable 
architectural design. 
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Graph 3.16. Results of sustainable building assessment tools for all groups without weight 
factors. 
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3.5 Overview of the comparison between all assessment tools 
The best five buildings in this research are used in the comparison of all sustainable building 
assessment tools. These buildings are: 

Hoogheemraadschap (Code c). 
Thermo staete (Code d). 

6 VWI/F (Code g). 
Spherion (Code j). 
Energy forum (Code k). 

The relationship between sustainable building assessment tools and the best building results are 
given in graph 3.17 and appendix 7. The best building according to an assessment tooi has a 
value of 1. This means that its design is the most sustainable of all. A value of 5 means that this 
building is the least sustainable of all. 

21 



Graph 3.17. Relationship between all assessment tools and best building results. 
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All assessment tools show that building WWF has the most sustainable building design. Only for 
the assessment tooi "6S model" is this the second best sustainable building design. 
The highest fluctuation in judgement of an sustainable building design is shown for the building 
Hoogheemraadschap. The results of "LEED" and "BREEAM" for all the buildings are similar. 

Overview of the comparison between "LEED" and "BREEAM" for all eight building& 
Th ree new buildings are added to the five previous buildings in this chapter. The evaluated 
buildings are: 

Hoogheemraadschap (Code c). 
6 Thermo staete (Code d). 

WWF (Code g). 
Spherion (Code j). 
Energy forum (Code k) . 

..!. XX-building (Code p). 
Cradle toeradie office (Code q) . 

.illt Rabobank (Code r). 

When these three buildings are added, ditterences occur in the results between both sustainable 
building assessment tools (graph 3.18). The best building according to an assessment tooi has a 
value of 1. This means that its design is the most sustainable of all. A value of 8 means that this 
building is the least sustainable of all. 
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Graph 3.18. Relationship between both sustainable building assessment tools for all eight 
buildings. 
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Both assessment tools show ditterences in how sustainable a building is compared to a nother 
building. For "LEED" three buildings have the most sustainable building design. These buildings 
are WWF, Cradle to eradie office and Rabobank. For "BREEAM" Rabobank has the most 
sustainable building design and WWF is secend best. 
The total results (with weight factors, graph 3.19) trom both sustainable building assessment tools 
show that "LEED" has higher results than "BREEAM". These results lay for each building between 
84% and 92%. For "BREEAM" is this between 70% and 84%. 
For the building "Rabobank" there is a ditterenee in the trend line for both assessment tools. Th is 
is caused by the group "Transport" (graph 3.12). For "BREEAM" the building's location is 
important. This is not the case tor "LEED". Rabobank scores higher in this group because it is 
close to Utrecht's central station. More employees will travel by public transport instead of their 
own car. This gives less load on earth's environment. 
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Graph 3.19. Results of the assessment tools " LEED" and "BREEAM" for all groups (with weight 
factors). 
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The total results (without weight factors) of both sustainable building assessment tools in graph 
3.20 show that "LEED" has higher results than "BREEAM", but the difference between the 
assessment tools is smaller. 

Graph 3.20. Results of the assessment tools "LEED" and "BREEAM" for all groups (without weight 
factors). 
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3.6 Kesselring 
Results of appendix 8.1 and 8.2 are given in aso called: "s-diagram". lt is expressed in a tunetion 
value (horizontalline) and a realisation value (verticalline), graph 3.21. The codes a to gare the 
following buildings: (a) Hoogheemraadschap, (b) Thermo staete, (c) VVVVF, (d) Spherion, (e) 
Energy forum, (f) XX building, (g) Cradle toeradie office and (h) Rabobank. 
The values of these marks are selected from the table in appendix 8.3. The ideal solution is an 
alternative which has a value of 1 for the demands in the subgroups" function" and "realisation". 
The best alternative is as high as possible intheupper right corner of the diagram. 

The best alternative of thesebuildingsis VVVVF building with a "function" value of 91% and 84% for 
"realisation". Other buildings arealso good alternatives. This is nota surprise since all the 
buildings are state of the art designs which are aimed at reducing the load on earth's environment. 

Graph 3.21. Results of buildings using the Kesselring method. 
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4 Discussion 

4.1 65-mode/ 
An overview of the total 68-model scores for all buildings in the Netherlands, Germany and 
England is given in the graph below. The given score is a summatien of the groups site, shell, skin, 
services, space plan and stuff. 

Graph 4.1. Total scores for selected buildings in the Netherlands, Gennany and England. 
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The best five buildings are: (i) Energy forum, (ii) VVWF, (iii) Thermo staete, (iv) Spherion and (v) 
Hoogheemraadschap. This is mainly caused by the high scores for the groups site (for Spherion 
and Energy forum), shell (for Thermo staete, VVWF, Spherion and Energy forum), skin (for 
Hoogheemraadschap, VVWF and Spherion), services (for VVWF and Energy forum) and space plan 
(for Forum) (appendix 3.1). 

4.2 Ecological Footprint 
Calculation of the total lead on earth's environment is different tor each building. The differences 
are caused by the input values for each building. The influence of these input values will be 
discussed in this chapter. 

26 



Impact of building construction on the load of earth's environment 
The subject "expected life of the building" has a huge influence on the total lead on earth's 
environment. But also the subjects "use of secend hand building products (%)" and "use of 
recycled materials (%)"have a huge influence. 
The relationship between "expected life of the building" and "the total lead on earth's environment" 
is exponential. But the relationship of "use of secend hand building products (%)" and "use of 
recycled materials (%)" is linear. This conclusion of sensitivity analysis tor thesesubjectsis 
questionable. There are some influence factors like transportation which do not have similar lead 
on earth's environment all the time. For example: the travel distances of materials can be different. 
This is not shown in the sensitivity analysis tor the percentages of "recycled materia Is" or "second 
hand building products" which can be used. Therefore these relationships should probably be 
exponential. 

Changing the number of employees werking in the building has no influence on the total lead on 
earth's environment according to the sustainable building assessment tooi "Ecological Footprint". 
Th is conclusion of sensitivity analysis for this subject is questionable. 
People produce heat. When there are more people in the building less heating capacity is needed 
during cold weather conditions and more cooling capacity is needed during hot weather conditions. 
Some buildings have higher percentages of glass surface on their skin. The sustainable building 
assessment tooi "Ecological Footprint" does not include surfaces of double glass skin façade. 
Concrete and glass surface at the buildings does not have the same lead on the earth's 
environment per square meter. However this should be an input value tor this assessment tooi. 

Impact of utilities on the load on earth's environment 
The subject "total energy supply from renewable sources" has a huge influence on the total lead 
on earth's environment. But also the need for heat has a huge influence. The subjects have a 
linear relationship. This conclusion of sensitivity analysis for this subject is questionable. For 
example: The number of people in the building is not calculated as a heat gain during cold weather 
situations tor the subject "need tor heat". Therefore this relationships should probably be 
exponential. 

Impact of transportation by employees on the load on earth's environment 
Private car use has the highest lead on earth's environment. The amount of employees travelling 
by car has no influence on the average lead on earth's environment tor a car owner. Travelling by 
pubtic transportation has less lead on earth's environment. 
The more people travel by pubtic transportation, the better. Transportation by bicycle or on toot 
has no influence on the lead on earth's environment. This is not an option tor employees, who 
have to travel a long distance trom home to werk. Werking at home can be an alternative option 
tor these people. Another option is travelling by train. To support this option employers need to 
place bicycles at the train station tor their employees. 

4.3 Camparing "Eco/ogica/ Footprint" with "Greenca/c+" 
The sustainable building assessment toets "Ecological Footprint" and "Greencalc+" have similar 
results tor the subject excepted life of the building. The higher the excepted life of a building, the 
lower the lead on earth's environment tor the group "Buildings and materia Is". 
There are minor differences between the assessment tools in the group "Energy" tor the subjects 
heating and pumps, hot water delivery, fans of an air conditioning unit, artificial lighting and 
equipment. However at the subject cooling there is a huge difference. 
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Total cooling need fora building is calculated within the assessment tooi "Ecological Footprint". 
"Greencalc+" calculates only a small amount of cooling. However, the sustainable building 
assessment tooi "Greencalc+" must have an input value for calculating total cooling need. 
The sustainable building assessment tools have a huge ditterenee in ratio of materia Is divided by 
the groups materials and energy. "Ecological Footprint" calculates the load on earth's environment 
from raw material to recycling with all necessary equipment and transportation. "Greencalc+" only 
looks at the construction of materia Is at the building site and transportation to the site. lt must also 
look at the total product cycle from raw material to recycling. 

The results for water use on the load on earth's environment calculated by the sustainable building 
assessment tools are similar and minimized. 
This conclusion of sensitivity a na lysis for this group is questionable. The last table of appendix 6.2 
shows that the partition of the group "Water" for both assessment tools is less than 1 %. lt cannot 
be that theether three groups ("Energy", "Transportation" and "Materials") have much more 
influence on the load on earth's environment than this group. 
The partition of the group "Water" should probably be more important. 

The highest pollution on the load on earth's environment is caused by employees who travel by 
their own cars. When more employees travel by public transportation less pollution of global 
warming and human taxicity will occur in the results of "Greencalc+". The results of "Ecological 
Footprint" are similar. Transportation by bicycle or on toot has no influence on the load on earth's 
environment. 

4.4 Design and organisation changes fora /ower /oad on earlh's environment 
Modular buildings have the least load on earth's environment, because these buildings can be 
renovated more easily for new owners. Only minor adjustments to such a building are needed 
when a new owner enters the building. The life cycle of this building becomes langer. Th is results 
in a reduction of the load on earth's environment. 
Other subjects, which have a huge positive effect on the load on earth's environment, are: 

4 Secend hand building products. 
Recycled materials . 

.- Renewable energy systems in the building as much as possible. 
i4 Getting employees to travel by train to and from work insteadof by car. 

By changing these main input values in the program "Ecological Footprint" the results are as 
fellows: 

T bi 41 I t f. t b b" t th I d a e . • mpac o mpu va ues ,Y su ,Jee on e oa on ea rth' s env1ronmen t 
Subject From To Reduction on laad on earth's environment 
Expected life of the building 20 yr 35 yr 0,02072 gha/m2 floor surface of the building 
Use second hand building 0% 50% 0,00806 gha/m2 floor surface of the building 
products 
Use recycled materials 0% 50% 0,01289 gha/m2 floor surface of the building 
% total energy supply from 0% 50% 0,01300 gha/m2 floor surface of the building 
renewable sourees 
Need for heat in the building_ 40W/m~ 80W/m~ 0,00590 gha/m2 floor surface of the building 
Transportation by train instead 0,0055 gha/employee in the building 
of private cars 

Other input values that have less influence on the load on earth's environment are given in 
appendix 3.5. 
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4.5 Camparing all sustainable building assessment tools 
All sustainable building assessment tools have the same goal: "reducing the laad on earth's 
environment". But there are differences between the assessment tools to reach this goal. 
The results from chapter 3.3 show that there is a similar approach by the assessment tools "LEED" 
and "BREEAM". Results from the assessment tools "Ecological Footprint" and "Greencalc+" are 
different trom each other and from "LEED" and "BREEAM". 

Chapter 3.2 and 3.3 ("Ecological Footprint") show that the group "Materials" has a higher laad on 
the earth's environment than the group "Energy". Th is is mainly caused by the influence factor 
"expected life of the building" in the group "Materials". lt is different than the results trom 
"Greencalc +". 

The huge difference is probably caused by the tact that "Ecological Footprint" calculates 
"Materials" trom raw material to recycling. "Greencalc+" only looks at the construction of materials 
at the building site and transportation to the site. 

The expected life of the building has na influence on the results from the sustainable building 
assessment tools "LEED" and "BREEAM". However, this should be an influence factor in these 
assessment tools. 

In the group "Materials" subjects like "recycled" and "second hand materials" also have a huge 
influence on the laad on earth's environment for all sustainable building assessment tools. 
This positive effect on the laad on earth's environmentforthese subjects is shown in graph 3.2 (for 
the assessment tooi "Ecological Footprint") and in graph 3.14 (for all assessment tools). The best 
results from graph 3. 14 are the buildings "XX-building" and "Cradle to eradie office". Th is is mainly 
caused by the higher percentages in subjects "recycled" and "second hand materials u se". 
However this positive effect is higher for the assessment tools "Greencalc+" and "Ecological 
Footprint" than for "LEED" and BREEAM". 
The positive effect of the subjects "recycled" and "second hand materials" should probably be 
higher for the assessment tools "LEED" and BREEAM". The weight factors forthese two subjects 
should be higher in the group "Materials" for bath assessment tools. 

The group "Transport" has a huge influence in the resulting ratingsfora building within the 
assessment tools "Ecological Footprint" and "Greencalc+". The variations between the buildingsin 
total laad on earth's environment are caused by the ratio of car use and public transportation. 
"Greencalc+" shows higher variations. This is probably caused by the sensitivity of the input value 
"amount of car u se". The amount and type of transportation does nat have any influence on the 
results for the assessment tools "LEED" and "BREEAM". Therefore it should be an influence 
factor in these sustainable building assessment tools. 

Total result comparison with weight factors 
The assessment tooi "LEED" shows the highest results of all sustainable building assessment 
tools. In general "LEED" shows the highest scores for each group (tables 3.11 to 3.14). lt can be 
concluded from these results that "LEED" calculates an overall positive view of the buildings 
compared to the other assessment tools. 

In another case study about the building "The Centre for lnteractive Research on Sustainability 
(CIRS in Vancouver, Canada)" shows a similar conclusion as this research [Ref. 14]. The overall 
score for the building in the assessment tools "LEED" is 83%. For the assessment tooi "BREEAM" 
this is 63%. 
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The assessment tools "Ecological Footprint" and "Greencalc+" have variations intheir results for 
all buildings. This is caused mainly by influence factors such as the subjects "expected life of the 
building", "amount of use by private car use" etcetera. 

Total result comparison without weight factors 
The assessment tooi "LEED" shows the highest results of all sustainable building assessment 
tools. However the ditterenee compared to the assessment tooi "BREEAM" is smaller. This is 
caused by the partition in percentages for each group of a sustainable building assessment tooi 
(table 4.2). For the assessment tools "BREEAM" and "LEED" the influence of the groups "Water" 
and "Transportation" is smaller than the groups "Materials" and "Energy". The ditterenee in the 
results for bath assessment tools are mainly caused by the groups "Water" and "Transportation" 
(appendix 6.2 and graphs 3.12 and 3.13). 

T bi 4 2 P rt'f ta f h f t . bi b lid" a e •. a 1 1on m pereen 1ges or eac group o a sus ama e u mg asses smenttool 
Greencalc+ Ecological LEED BREEAM 
(average) foetprint (aver~el _(credit~ (credits) 

Energy 44,9% 26,2% 18 (38,3%) 23,9 (37,6%) 
Water 0,9% 0,2% 5 (10,6%) 6,3 (9,9%) 
Transport 35,2% 16,4% 6 (12,8%) 8,3 (13,1%) 
Materia Is 18,9% 57,2% 18 (38,3%) 25,0 (39,4%) 

Huge ditterences occur when no weight factors are used in the results for the assessment tools 
"Ecological Footprint" and "Greencalc+". The groups "Energy" and "Transportation" are more 
important than the other groups in the results for the assessment tooi "Greencalc+". However, it 
should be the groups "Energy" and "Materia Is" as in the assessment tools "LEED" and "BREEAM". 

The groups "Materials" and "Energy" are more important than the other groups in the results for 
the assessment tooi "Ecological Footprint". However, the influence of the group "Energy" should 
be similar to the group "Materials" as in the assessment tools "LEED" and "BREEAM". 

4. 6 Overview of the comparison between all building assessment tools 
All assessment tools show that out of the best five buildings the building WWF has the most 
intelligent design. Only for the assessment tooi "68 model" WWF is the second best building. 
The highest variatien in judgement of an intelligent design is shown for the building 
Hoogheemraadschap. This is mainly caused by the subject "expected life of the building" which 
has a huge influence on the results in the sustainable building assessment tools "Ecological 
Footprint" and "Greencalc+". For the other assessment tools the subject "expected life of the 
building" has no influence on their results for all buildings. The results of the assessment tools 
"LEED" and "BREEAM" are similar for all the buildings (graph 3.16). 

Overview of the comparison between "LEED" and "BREEAM" for all eight buildings 
Bath sustainable building assessment tools show ditterences in how intelligent the design of a 
building is in camparisen with another building. For "LEED" three buildings have the most 
intelligent design. These buildings are WWF, Cradle toeradie office and Rabobank. For 
"BREEAM" Rabobank has the most intelligent design and WWF is second best. 
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After looking at graph 3.18 and the results in both assessment tools (appendix 5.3) the conclusion 
is that the assessment tooi "LEED" has less variables in awarding credits for a building than the 
assessment tooi "BREEAM". 
Furthermore, Also the amount of credits for the different sustainable building assessment tools is 
slightly different for each subject. 
The ditterences in rewarding credits between both sustainable building assessment tools are: 

4 For the group "Transport" the building's location is important for "BREEAM". For example: 
Ra bobank scores high for this group because it is close to Utrecht's central station. More 
employees will travel by public transport instead of their own car. This gives less load on 
earth's environment. The building's location has no influence factor in the assessment tooi 
"LEED". Th is should be an influence factor in "LEED". 

1111. For the group "Materials" subjects as "recycled and second hand materia Is" are important 
to reduce the load on earth's environment. Better results are shown (graph 3.14) for the 
buildings "XX-building" and "Cradle to eradie office" than for other buildings in all 
sustainable building assessment tools. This positive result for these buildings should be 
higher for both assessment tools such as "Ecological Footprint" and "Greencalc+", 
especially for "BREEAM". 

4 The sustainable building assessment tooi "LEED" shows higher results than the other 
sustainable building assessment tools (graph 3.15). lts results for each building are 
between 84% and 92%. For "BREEAM" is this between 70% and 84%. "Greencalc+" and 
"Ecological Footprint" also show lower results. The conclusion from these results is that 
"LEED" values buildingsin a more positive way than "BREEAM". 

4. 7 Kesselring 
All assessment tools show ditterences in how sustainable the design of a building is compared to 
another building (table 4.3). For "LEED" three buildings have the most intelligent design. These 
buildings are '\NNF, Cradle to eradie office and Rabobank. For "BREEAM" Rabobank has the most 
intelligent design and '\NNF is second best. According to the Kesselring method '\NNF has the 
most intelligent design and Rabobank is second best. 

T bi 43 R a e . . f 11 esults o a eight b di uil f h n_gs ort e assessment tools "LEED", "BREEAM " and Kesselring 
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Kesselring method 8 5 1 7 3 6 4 2 
LEED 8 5 1 7 4 5 1 1 
BREEAM 8 5 2 6 3 7 4 1 

Strengthlweakness analyse 
Looking at the results of all eight buildings a strength/weakness analysis has been made (table 
4.4). The results from appendix 8 are summarised in table 4.4. When an aspect has a high value it 
gets the letter "S". When an aspect has a low value it gets the letter "W . Otherwise the aspect is 
neutral and the space is left blank. 
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Table 4.4. Strengthlweakness analyse or a e1g1 t J 11 "hb uildings 

I Cl) 

"0- .m Oi 
Cl) ~- "0 

co 0 "8 E "EtT 0 
~ (I) Cl) 

Cl) ~ !l ~ ::J Ol ~~ E"8 "0 .... ~ oo_ 0 .E- c: 0 0 CU(.) 
~ 

c: §C: c: 
cu- 0"0 0 >.~ --o co 

Strengthlweakness analyse .CQ. E cu ·;:: e>CU ·:; Cl) cu- .0 
Olco '-"0 

~ 
Cl) "'""O .o-g 'Ë~ 0 

S = Strongly developed in aspect O.c Cl) 0 .c (I) 0 .0 
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W = Weakly developed in aspect ::r:(/) 1-- 00..:::; W...__ Oo O:::"C' 

Realisation 
Location w s s s w s 
Transportation w s w 
Site Development s s s s s s s s 
Regional materials used s s s s s s s s 
Rapidly renewable and recycled materials 
are used w w s s w 
Materials and Glass used with low energy 
loss w s w w w w 
Passive cooling used s w s 
Functioning 
Optimized energy performance w s w 
Use of on-site renewable energy w s w s w s 
Reduction of C02 emissions s s s s s s s s 
Reduction of water u se s s s s s s s 
Water efficient landscaping s s s s s s s s 
Optimized use of daylight entrance w w s s w s 
Use of natural ventilation, where possible s s 
Use of heat exchange by mechanica! 
ventilation s 

lt is clear that each building has more strongly developed aspects than weakly developed ones. Of 
course this does not come as a surprise si nee all buildings have state of the art building designs. 

Realisation 
lmproving the designs of existing buildingsis sametimes difficult. Aspects such as location, 
transportation and site development cannot be changed. The users of a building have no influence 
on the infrastructure at its location. New building designs are mostly adapted to the location, site 
development and to the possibilities concerning transportation. 

Weakly developed buildings can be improved by using more "rapidly renewable and recycled 
materials" which can be installed easily. For example: mobile equipment like computers, printers, 
chairs and desks can easily be replaced by more recyclable equipment. Changing to more 
recyclable constructive materials in a building is difficult. Designers of a building must think about 
this aspect befere construction. 

The possibility to use new glass with low energy loss at the skin of a weakly developed building 
can be expensive, especially for tall existing buildings. So installing new construction materials in 
a existing building with low energy loss is not an financially viabie option. Designers of a building 
must think about this aspect befere construction. 
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Passive cooling is easy to install. For example: external heating by direct sunlight will be prevented 
by placement of outdoor sun shades. A disadvantage is that it blocks daylight entrance to the 
building and more artificiallighting is needed. 
A system such as indoor light reflection sun shades and elimate façade, which are installed in 
"Hoogheemraadschap", are a good cernpromise between the aspects passive cooling and 
optimized daylight entrance. 

Functioning 
A lower energy performance of a building is caused mainly by lower scores for the aspects "use of 
on-site renewable energy" and "materials/glass with higher energy loss". lt is easier to change the 
energy performance by increasing the use of on-site renewable energy. This can be done for 
example by placing solar panels on the roof of a building. For the buildings "Hoogheemraadschap" 
and "XX-building" this is possible. For building "Spherion" this option is also possible but it is not a 
good option since it has a glass roof. For "On-site renewable energy use" delivery by third is a 
better option. 
lt is easier to optimise energy performance during the beginning of a design concept. 

Th ree buildings have a low score for daylight entrance. These buildings are "Thermo staete", 
"VV\NF" and "Cradle toeradie office". This is caused by the low percentage of glass surface. The 
goal of these building designs has been reducing the heating capacity and the cooling capacity. 

4.8 Points of impravement for all sustainab/e building assessment tools 
The following influences should be added to the sustainable building assessment tools "LEED" 
and "BREEAM": 

• Expected life of a building. 
ti. Amount and type of transportation. 

Specific types of skin constructionsof a building (such as glass façade). 
4 "LEED" values buildings in a more positive way than the other assessment tools. Therefore 

this assessment tooi should be more critica!. 

The points for impravement of the sustainable building assessment tools "Greencalc+" and 
"Ecological Footprint" are: 

The effect on earth's environment by glass façade should be an influence factor. 
The heat production of employees in the building should be an influence factor. 
Research into the effect on earth's environment by subjects such as recycled materials, 
second hand materials, green power and need of heat should be investigated. The 
relationship should probably be exponential instead of linear. 
The group "Energy" should be similar important as the group "Materials" for the 
assessment tooi "Ecological Footprint". 
The groups "Materials" and "Energy" should be more important than the other groups for 
the assessment tooi "Greencalc+". 
The influence of the group "Water'' for both assessment tools is low. This should be higher 
such as the assessment tools "LEED" and "BREEAM". 
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23. WWF Zeist searched words on the internet: WWF Zeist building, visiting date: August 
2007, see internet site: 
http://www.nextroom.at/building article.php?building id=28979&article id=25627. 

24. WWF Zeist searched words on the internet: WWF Zeist energy, visiting date: August 2007, 
see internet site: http://www.scheuten.nl/media/raw/MsoiBrosch B2B en.pdf. 

25. Post toren Bonn searched words on the internet: Deutsche post Bonn, visiting date: June 
2007, see internet site: http://de.wikipedia.org/wiki/Deutsche Post. 

26. Post toren Bonn searched words on the internet: Deutsche post Bonn, visiting date: June 
2007, see internet site: http://www.emporis.com/en/wm/bu/?id=1 00071. 

27. Post toren Bonn searched words on the internet: Deutsche post Bonn trox, visiting date: 
June 2007, see internet site: 
http://www. troxmal.com.my/de/download/pdf/produktePdf/fsl/fsl rgb d neu.pdf. 

28. Landesvertretung NRW, searched words on the internet: Landesvertretung NRW berlin 
energy, visiting date: June 2007, see internet site: 
http://www .detail360 .de/projekt/landesvertretung-nrw-in-berlin-pjid 298. html 

29. Spherion, searched words on the internet: spherion dusseldorf, visiting date: June 2007, 
see internet site: http://www.atrien.ch/uploads/c 32 5 1 Doku%20Spherion.pdf. 

30. Spherion, searched words on the internet: spherion dusseldorf, visiting date: June 2007, 
see internet site: http://www.duesseldorf.de/planung/projekte/delaloitte/index.shtml. 

31 . Spherion, searched words on the internet: spherion dusseldorf, visiting date: June 2007, 
see internet site: http://www.energie-
projekte. de/start. php?/projekt. php?action=show&id=297. 

32. FH Rhein Sieg, searched words on the internet: FH Rhein Sieg building energy, visiting 
date: June 2007, see internet site: 
http://www.rehva.com/workshops/ws 11 4 uni dortmund gennany selected buildings.sw 
f. 
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Appendix 1. Short introduetion of buildings 
Short introduetion to the buildings are given in this appendix. The building Specificatiens are given 
in appendix 3. 

Kender Th ijssen Veenendaal (Code a) 
The building of Kender Th ijssen is an office 
building of a corporatien for lnformation 
Communication Technology (ICT). 
The building with a gross floer surface of 
13.500m2 is situated next toanother ICT 
company Watermark on the industrial estate 
"De Batterijen". lt is located on the edge of 
Veenendaal next to the highway A 12. The 
building can accommodate about 300 persons 
and is completed in the spring of 2002. 

Kender Th ijssen is a professional specialist in 
ICT-solutions for average and big companies. 
Comfort for the employees has been the main 
priority during the design process of the 
building. A sustainable building has been an important aspect; however, energy savings should 
nat result in loss of quality of the workspace. 

Forum Amsterdam (Code b) 
The building Forum is a luxurieus office building that 
is rented by the corporatien IBM. The building, with a 
gross floer surface of 17.300m2

, has a low energy 
use per m3

. lt is located next to the highway A10 in 
Amsterdam. The building can accommodate about 
500 persons and is completed by "Amstelland 
development" in 2001 . 

The building has an aquifer system and intelligent 
systems like elimate windows and daylight controlled 
lighting. But the show-piece of this energy friendly 
design is the multifunctional use of its atrium. 

Hoogheemraadschap Leiden (Code c) 
In the "Leidse Bio Science Centre Park", nearby 
the centre of Leiden, stands the building of 
Hoogheemraadschap Leiden. 
Hoogheemraadschap Leiden manages water, 
nature and environment of the area from 
Wassenaar to Amsterdam and IJmuiden to 
Gouda. The gross floer surface of the building is 
12.000 m2 and approximately 350 people werk 
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there. The building is completed at the beginning of 1999. 
The new headquarters of the Hoogheemraadschap Leiden is an example of a sustainable building. 
Reducing the consumption of electricity, gas and C02 emission without losing any comfort of the 
inner elimate has been the main task. 

Thermo staete Bodegraven (Code d) 
Thermo Staete is an office which is 
owned by two consultancy firms, namely 
"DWA Installatie- en Energieadvies" and 
"Edifico Bouwtechniek & Bouwinnovatie". 
The first firm gives advice in the sector 
building services and the second in the 
construction sector. The Thermo staete 
is situated in an industrial park near a 
highway on the out skirts of Bodegraven. 
The building is completely designed 
according to the principles of a 
sustainable building. This design results 
in an office with a gross surface of 1005 
m2 which offers a total amount of 85 
work places. The building is completed in 
November 1999. 

The design process can be summarized by the term "integral design" and the philosophy "More 
with less". The philosophy describes the basis of the design, namely more human friendly, less 
environmental pressure and extremely energy efficient. In this project "DWA Installatie- en 
Energieadvies" functions as principal, architect, eensuiting engineer and final user. This results in 
a relatively easy integral design process, because the employees are involved in the project. This 
finally results in a compact building design with very low energy consumption, which is even 50% 
lessin comparison withaverage offices, in which environmental friendly materials are used. 

Hoftoren The Hague (Code e) 
The Hoftoren is an office building of the 
Netherlands Ministery of Housing, Spatial 
planning and Environment (VROM). The 
building is completed in 2003. The gross floor 
surface is 55.000m2 and the building is situated 
in the centre, nearby the central train station of 
The Hague. 

lt has been important to create an example of 
sustainable design. At the start of the design 
phase a reai-estate developer created a plan. 
This plan was not sustainable enough 
according to the govemment. Peutz & Associes 
B.V. have beenmakinga feasibility study of 
energy saving measures. This study describes 
six different methods of energy saving 
measures. These measures are related to the 
architectural design and to the design of the 
building services. 
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This feasibility study leads to a building with a standard thermal insulation. 

A thermal insuiatien with a higher heat resistant coefficient does not result in a significantly lower 
energy consumption. Because of a low ceiling height a ventilated elimate façade is not possible to 
integrate into this design. 
For this reason the building is designed with a single insulated glass façade with sun shades on 
the inside. 

Stadskantoor Breda (Code f) 
The Stadskantoor Breda is an establishment 
of the city hall of Breda where the local 
government is being housed. This 
establishment is situated in the centre of 
Breda. The building, where more than 500 
people are employed, has a gross surface of 
7. 700 m2 and is completed in 2003. 

Architectural firm Claus and Kaan from 
Rotterdam have made the city hall office 
Breda a transparent and sustainable design. 
The skin on the south side exists of 
horizontal window counterfoils and black 
strokes, so direct sun radiation is prevented. 
The north skin is flat and has larger, also 
horizontal, window frames. 

The building is designed following the principles of the Trias Energetica: 1) energy saving, 2) use 
of sustainable energy, 3) efficient use of fossil energy. Step 1 is performed by a higher heat 
resistant coefficient of the façade, the application of high efficiency glass, the application of 
sereens for daylight control and a highly efficient heat recovery system for the ventilation. Step 2 is 
performed by generating heat and cooling generation by a heat pump in combination with an 
underground heat-/cold storage system. To reduce the costof an expensive heat-/cold storage 
system the choice is made to conneet on an existing heat-/cold storage at its neighbours 
(establishment of the city hall of Breda, the Chassé-theatre and the Holland Casino). There is 
another advantage to this collective system (step 3). The establishment of the city hall of Breda 
uses the most energy during the day, in the evening the Chassé-theatre uses the most energy and 
late at the evening and night the Casino has the most energy use. Therefore the alternative energy 
system is used efficiently. 

WWF Zeist (Code g) 
The overall concept of the building 
begins with the choice of location. 
'WVI/F, which is looking for new 
premises to accommodate its 
organizational growth, opted to 
renovate an existing building rather 
than wasting a still functional 
structure by demolishing it. The 
building (a former agricultural 
Iaberatory built in 1954) is located in 
the Schoonoord estate in Zeist. 
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In 2002 the VI/WF organized an competition for the building's conversion. 
From a field of seven practices (which included Soeters Van Eldonk Ponec, SeArch, Wessel de 
Jonge and JHK) Amsterdam-based RAU emerged as the winners. 

In their design, the centre of the existing structure is performed by a new, amorphous volume, the 
new 'face' of the VI/WF. Th is intervention simultaneously softens the strict geometry of the 
structure and introduces a vertical accent into the building. The open space contains the entrance 
- moved trom the darker and mossy north side to the south side - and public areas. 
Visitors are led into the building via a bridge over the pond around the entrance. The raised, 
rectangular volume at the north side of the building is clad with wooden shingles. lt contains the 
meeting centre and is connected to the central space by a footbridge. 
The offices are accommodated in the east and west wings which have acquired new façades with 
Oregon pine frames and awnings, and transparent and dark grey tinted glass. 

Accommodation foranimals living in the area is an integral part of the renovation. An existing well 
is turned into the entrancetoa bat cellar below the car park and the bats, together with swifts, 
make use of the nesting boxes built into the façades. All in all, the new VI/WF office is a marvelleus 
symbiosis between man and animal, building and nature. 

XX building Delft (Code p) 
Het XX Office is located on the industry area of Delftech Park in Delft. lt has been built in 1999. 
The office has two floors. On the first floor is an office room of "XX Architecten". The second floor 
is rented by Holland Signal. 
The building is a glass box 
with measurements of 15 by 
66m. 
Rooms in the building are 
easy replaceable. 
Concept of designing the 
building is to realise an easy 
to assembie building, which 
many years later is easy to 
disassemble. The building is 
constructed out of slink 
wooden columns, concrete 
floors and external glass 
walls. There are no ceilings in 
the building which shorten the 
construction of the buildings 
height. 

Cradle to eradie office Amsterdam (Code q) 
The office of the firm "Search" is located on the Petroleumhavenweg in Amsterdam, nearby the 
highway A 10. The air quality nearby this location (the "Coentunnel") is poor. Busy traffic during the 
morning and evening rush hours causes high C02 concentration. There is no better advertising for 
sustainability than the realisation of the Cradle to eradie office tor an area with a poor air quality 
and pollutions in the past. 
The building is 50,5m long, 12m width and 6,6m high. lt is an office, training area and laboratory. 
lt stands with its glass surface to the sunlight. 
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The building is designed as wood construction building (prefab). lt has a sober, butstrong 
appearance. 

Rabobank Utrecht (Code r) 
The new main building consists of two 
slightly rotated circular towers, each 105 
metres tall, joined together by a glass 
skin. 
At floor level, the two towers are joined 
by a continuous floor. This floor is cut 
back every four storeys, creating a four
storey atrium. The towers are 
surrounded by a great hall - the Plaza -
with various facilities such as catering. 
The building has 56.000 m2 office area 
and 600 parking spaces. 
A small part of the building is existing. 

Boundary conditions for the building are 
that it must be a modern office with high 
ambitions in renewable energy use and 
much glass surface. 

Features: 

After working hours the 
vertical panels tunetion 
as burglar resistance by 
tuming the panels. 

• Single level underground car park under the two towers and plaza. 
• Separate multi-level underground car park beneath public transport infrastructure. 
• Radical renovation of the existing Rabobank building. 
• Sustainable construction. 
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Post tower Bonn (Code h) 
The Deutsche Post Tower in Bonn (designer Heirnut Jahn) is sited in public parkland adjacent to 
the river Rhine. The building reflects the ideal of transparency, weightlessness and immateriality. 
The building, where more than 5000 people are being employed, is completed in 2003. 

The headquarters of German postal netwerk Deutsche 
Post World Net in Bonn combines the effectiveness of 
a lightweight steel structure with the beauty and 
versatility of glass architecture. The Post Tower in 
Bonn is a 163.5 metre high double tower. lt still blends 
into its surroundings and acts as a gateway from the 
city to the Rhine and the nearby Siebengebirge hills. 

All the glass elements of the building were constructed 
entirely from Pilkington Optiwhite TM low iron-oxide 
white glass, chosen by the architect for its clean, 
colourless qualities, versatility and ecological benefits. 
Using Pilkington Optiwhite TM , glass design engineers 
BGT Bischoff Glastechnik have manufactured 47 
different types of functional glass, with the structure of 
each type meeting exactly the specific requirements of 
each sectien of the building. These included thermally 
coated and gas-filled units for façade panels, sound 
reduction glass for internal partitions, solar proteetion 
coatings for overhead glazing and fire-resistant glass 
in the stairways. The functional glazing a lso makes an 
important contribution to the eco-balance of the 
building, reducing typical energy consumption around a third. 

NRW Landesvertretung Berlijn (Code i) 
The building is located in the 
diplomatic district "Tiergarten" 
between the embassies of 
Japan and United Arab 
Emirates. The NRW 
Landesvertretung is a 
multifunctional building 
(including the basement) which 
is used by politicians, business 
people, reporters and citizens. 
Convention rooms are located 
on the secend and third floer 
and apartments on the fourth 
floer. The building is 
reetang u lar with a height of 16 
metres and a total floer surface 
of 9122m2 including 2 winter 
gardens and an atrium. The building is completed in 2002. lt consists of an inner structure of a 
woeden parabola frame and surrounding this frame is a steel frame in which the glass panels are 
integrated. 
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Spherion Düsseldorf (Code j) 
The 22.000m2 "Spherion" in 
Dusseldorf is an office building of 
accountants "Deloitte & Touche". 
lt is designed by Deilmann & 
Koch architects. "Deloitte & 
Touche" had tour departments 
located in the city. The people in 
these departments need each 
other's expertise. The distance 
between the departments has 
been a problem in 
communication. 

The new building consists of tour 
seven-storey buildings (tor each 
department), placed around the 
gigantic atrium. 1700 People 
work in this building. 

Offices located on the outside are 1 

naturally ventilated. The office 
departures in the mid-zone are mechanically ventilated. The atrium is also naturally ventilated; this 
ventilation is optimised by computer controlled gratings in the roof of the atrium. The offices 
around the atrium are therefore naturally ventilated as well. 

Energy forum Berlin (Code k) 
The five-storey magazine building, withits historical60-80cm brick façade, is located to theeast of 
the railway-station and is buildat the end ofthe 19th century and renovated according to the new 
building energy and monument conservation laws. 

The new building, adjacent to the 
River Spree, consists of two L
shaped 8-storey wings and was built 
as a massive construction with a flat 
roof and reinforeed concrete 
continuous rounded supported 
(Parapets). The building, where 800 
people are being employed, has a 
gross surface of 22.400 m2 and is 
completed in 2003. 

The facades are curtain wall 
facades made of light metal structure, 
whereas the east and west facades 
are single window facades, the south 
and the atrium-oriented facades are 
strip window facades. The flat roof of 
the wings is made of waterproof 
concrete with extruded polystyrol 
thermal insulation. 
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Fraunhofer ISE Freiburg (Code I) 
The institute for solar energy systems (I SE) 
is the largest solar research institute in 
Europe. The new building is completed in 
2001 . lt has a gross surface of 39.680m2

• 

The building is mainly constructed as 
reinforeed concrete skeleton system. Three 
window types are used depending on 
orientation and function . 
A prefabricated woeden curtain wall façade 
is used for the south side of the building 
wings and the head building. 
The windows have double panel thermal 
protective glazing and timber-aluminum 
frames. Single window façades with therm al insuiatien compound system and timber-aluminum 
frame are used for the north side of the building wings, technica I school and workshops. A glass 
facade made of timber/aluminum is used for the Magistrale. 

FH Rhein Sieg St Augustin (Code m) 
The new building represents one of the two 
locations of the professional school Bonn 
Rhine Sieg. The building is completed in 
1999 and it has a gross surface of 19.475m2

. 

300 people werk in this building. 

The building has a reinforeed concrete 
skeleton. The external walls are made of 
either concrete sandwich elements with 120 
mm core insulation, or concrete walls with 
external insuiatien and aluminium curtain 
walls. The insuiatien thickness is increased 
in relation to conventional building methods. 
Windows and glass facades are 
wood/aluminium composite construction with 
minor heat losing glass. 

BRE Office Watford (Code n) 
The BRE Group is a world leading research, 
consultancy, training, testing and certification 
organisation delivering sustainability and 
innovation across the environment of buildings 
and beyond. 
Their mission is to 'Build a better world'. They 
help their clients to create better buildings and 
communities and solve problems with 
confidence. 

The building is completed in 1996 and it has a 
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gross surface of 2.932m2
• 100 people workin this building. 

The main technological features of the building are: 
• Wave form concrete floor slabs in which the high points of the 

wave have corresponding high level windows and at the low 
points large ducts are formed within the overall floor depth, by 
bridging across the tops of the wave with precast concrete 
planks. Fire separation between storeys is at plank level so 
the ducts form part of the lower floor. The wave form floor 
structure is interrupted by the circulation zone which has a 
thin slab at the level of the planks over the floor ducts. ~ 

• Floor surfaces at each level are divided into 1.5m strips of 
raised access floor, tor flexible servicing, alternating with 
screened areas which incorporate pipe work that can be used 
tor heating in winter and cooling in summer. 

'2 . :i 4 

' , .... _l 
• Glazed facades with leuvers with a translucent ceramic 

coating on their underside to filter direct sunlight as it reflects 
off it. 

Elizabeth Fry Norwich (Code o) 
Elizabeth Fry Building at the University of 
East Anglia provides a mix of 
undergraduate lecture theatres, seminar 
rooms and offices with an expedition space 
tor the University's art collection. The 
building is completed in 1995 and it has a 
gross surface of 3.487m2

. 1500 people 
work and learn in this building . 

The building is named after Elizabeth Fry 
(may 21th 1780 till October 121

h 1845). She 
was an English prison reformer, social 
reformer and, as a quaker, a Christian 
philanthropist. Fry was a major driving force 
behind new legislation to make the 
treatment of prisoners more humane, and she was supported in her efforts by the reigning 
monarchy. 

The structure of the building is a reinforeed concrete frame with heavyweight block work cavity 
walls. The perimeter is formed by frames of beams and closely spaeed columns. There is an off
centre reinforeed concrete spine beam along the length of the building to support the concrete 
floers and the columns are designed to coordinate with the different floor plans. All the floers and 
the roof consist of precast concrete hollew core units. Beneath the lewest level floor slab there are 
specially constructed concrete chambers which are used for air circulation. 
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Appendix 2. Overview of buildings at 65-model 
Overview of the buildings is split in: 

Value of degree at the groups for the SS-model. Each subjects a number of possibilities. 
Judgements on the selected buildings for code a to o. 
Value of degree on subjects at the buildings for code a to o. 
Results of the buildings for code a to o. 
Definition of weight factors on subjects at SS-model 

Appendix 2.1. Value of degree at the groups for the 65-mode/ 

Group site 
Location I Accessibility of the building by public transportation and car. 
1 point Difficult to reach by car. 5 points Reachable by train or metro and easy to reach by car or bus. 
2 points Ditticuit to reach by public transportation. 6 points Easy to reach by public transportation and less to reach by car. 
3 points Reachable by car in busy traffic hours. 7 points Easy to reach by public transportation and easy to reach by car. 
4 points Easy to reach by car or bus. 

Orientation I Orientation of main entrance to the building. 
1 point Main entrance has a north orientation. 5 points Main entrance has a western orientation. 
2 points Main entrance has a north/east orientation. 6 points Main entrance has a south/east orientation. 
3 points Main entrance has a north/west orientation. 7 points Main entrance has a south/west orientation. 
4 points Main entrance has an east orientation. 8 points Main entrance has a south orientation. 

Utilities I Delivery of heat, cooling and electricity to the building from its infrastructure. 
1 point Water, gas, telephone and/or CAl. 5 points lncluding heat delivery by heat pumps and wireless data points. 
2 points lncluding external heat delivery. 6 points lncluding heat delivery by heat pumps and solar energy. 
3 points lncluding cables of glass fibre. 7 points lncluding heat delivery by heat pumps, solar energy and cables 
4 points lncluding heat delivery by heat pumps. of glass fibre. 

Building tunetion I Number of user functions for the building. 
1 point Function of the building is employment for office werkers. 3 points Building has two or more functions such as offices and sport 
2 points Function of the building is employment for office workers but centre or cinema. 

there are also relaxing spaces. 

Telecommunication infrastructure I lnfrastructure inside the building 
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1 point Telephone on office desks. 3 points Telephone on office desks (or mobile) and internet access for 
the employees. 

2 points lncluding internet access for employees. 4 points Telephone on office desks (or mobile), internetand wireless 
network. 

Car parking I Amount of parking space for each employee in the building. 
1 point Below 0,2 parking space per employee. 3 points Between 0,5 and 0,8 parking space per employee. 
2 points Between 0,2 and 0,5 parking space per employee. 

G h 11 roup s e 
Thermal strategy I Thermal strategy is measured by the quality of isolation, intelligent skins and low energy performance coefficient 

(EPC). 
1 point EPC value is below the norm. 4 points EPC is between 0,9 and 1, 1. 
2 points EPC is between 1,3 and 1 ,5. 5 points EPC is between 0,7 and 0,9. 
3 points EPC is between 1,1 and 1 ,3. 6 points EPC is below 0,7. 

Co re I Judged on the facilities that are present in the buildings core. 
1 point Central core with staircases. 4 points Central care with sanitary areas, lifts and staircases. 
2 points Central core with sanitary areas and staircases. 5 points More cores with sanitary areas, lifts and staircases. 
3 points Central care with sanitary areas and lifts. 

Foundation l Foundation of the building_ has piling refrigeration or bottorn heat or it is just the foundation. 
1 point Foundation is it's only function. 2 points Pilling refrigeration is used in the foundation. 

Structural grid I Structural grid is judged on whether the classification of the floors will be stipulated by the columns. 
1 p_oint Thick columns, low structural grid. 4 points Thin columns, standard structural grid. 
2 points Thick columns, standard structural grid. 5 points Thin columns, high structural grid. 
3 points Standard columns, standard structural grid. 

Planning grid I Planning grid is judged on flexibility of replaceable indoor walls. 
1 point Indoor walls are difficult to replace. 3 points Indoor walls are replaceable but some adjustments on building 

services are needed. 
2 points Indoor walls are replaceable but adjustments on building 4 points Indoor walls are easy to replace and no adjustments on building 

services are needed. services is needed. 

Floorsize I Judged on the floor workplace for an employee. 
1 point Below 8m"' floor workspace for an employee. 3 points Between 10m"' and 12m"' floor workspace for an employee. 
2 points Between 8m"' and 10m"' floor workspace for an employee. 4 points More than 12mL floor workspace for an employee. 
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Floorshape I Judged on floors efficiency. 
1 point Floor is round. 4 _Q_oints Floor is rectangular. 
2 points Floor has many rounding's. 5 points Floor is sphere. 
3 points Floor has little rounding's. 

Landlord tenancy efficiency I Height of efficiency is landlord tenancy shared by total tenancy. 
1 point Height of efficiency is below 50%. 6 points Height of efficiency is between 70% and 75%. 
2 points Height of efficiency is between 50% and 55%. 7 points Height of efficiency is between 75% and 80%. 
3 points Height of efficiency is between 55% and 60%. 8 points Height of efficiency_ is between 80% and 85%. 
4 points Height of efficiency is between 60% and 65%. 9 points Height of efficiency is between 85% and 90%. 
5 points Height of efficiency is between 65% and 70%. 10 points Height of efficiency_ is above 90%. 

Floor depth and sectional height I Heigth of the floor has a negative effect on thermal strategy. 
1 point Proportion is higher than 6. 3 points Proportion is between 3 and 4,5. 
2 points Proportion is between 4,5 and 6. 4 points Proportion is lower than 3. 

Access for staff and visitors I Clear entrance to the building and its lifts and ste_Q_s. 
1 point Central entrance is not clear for visitors. 4 points Central entrance is clear. Lifts and steps are good visible. 
2 points Central entrance is clear. Lifts and steps are not good visible. 5 points Central entrance is clear. Lifts and steps are good visible. Clear 
3 points Central entrance is clear. Lifts and steps are less visible. road signs in the building. 

Atrium provision I Function of the atrium provision. 
1 point Function of atrium is pure view. 3 points Function of atrium is view and daylight entrance. Atrium has 

also heat controL 
2 points Function of atrium is view and daylight entrance. 4 points Function of atrium is view and daylight entrance. Atrium has 

also heat controL Sprinkler is present. 

G k" roup s m 
Services strategy I Validated with primair energy use on skin type for the building. 
1 point Skin has a lot of one plated glass. 5 points Twisting solar energy panels are used as sun shade for the 
2 points Skin has less one plated glass. double glass. 
3 points Skin has a lot of double glass. 6 points Skin is a second skin façade. 
4_QQints Skin has less double glass. 7 points Skin is a third skin façade. 

Daylight entrance I A lot of daylight entrance reduces need of artificiallighting. 
1 point Less than 20% glass surface on the skin. Also bad daylight 5 points Between 40 - 60% glass surface on the skin. Better daylight 

entrance by dark sun shades or glass. entrance by light sun shades or glass. 
2 points Between 20 - 40% glass surface on the skin. Bad daylight 6 points Above 60% glass surface on the skin. Better daylight entrance 

entrance by dark sun shades or glass. by light sun shades or glass. 
3 points Between 40 - 60% glass surface on the skin. Bad daylight 7 points A lot of glass in the skin and no sun shades. 
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entrance by dark sun shades or glass. 
4 points Between 20- 40% glass surface on the skin. Better daylight 

entrance by light sun shades or glass. 

Curtain walls I Is measured on heat reduction of the skin. 
1 point No sun shades. 4 points Outdoor sun shades. 
2 points Indoor sun shades. 5 points No sun shades. Second skin façade. 
3 points Heat reducing glass. 6 points No sun shades. Third skin façade. 

Re value I High of Rc-values of floor, roof and outdoor walls have a positive effect on thermal strategy. 
1 point For outdoor walls, roof and floor is less than 2,5 m"KIW. 4 points For outdoor walls, roof and floor is between 3,50 and 4,00 

m2KIW. 
2 points For outdoor walls, roof and floor is between 2,5 and 3,00 

m2KIW. 
5 points For outdoor walls, roof and floor is between 4,00 and 4,50 

m2KIW. 
3 points For outdoor walls, roof and floor is between 3,00 and 3,50 

m2KIW. 
6 points For outdoor walls, roof and floor is between 4,50 and 5,00 

m2KIW. 

U value (glass) I Low U-values of glass has a positive effect on thermal strategy. 
1 point Outdoor glass is more than 3,2 m~KIW. 4 points Outdoor glass is between 1 ,2 and 1,5 m~KIW. 
2 points Outdoor glass is between 2,0 and 3,2 m"KIW. 5 points Outdoor glass is between 0,9 and 1,2 m"KIW. 
3 points Outdoor glassis between 1,5 and 2,0 m~KIW. 6 points Outdoor glassis between 0,6 and 0,9 m'"KIW. 

Glass percentage I More glass at buildings skin means more da_ylight entrance. 
1 point Less than 20% glass. 5 points Between 50% - 60% glass. 
2 points Between 20% - 30% glass. 6 points Between 60% - 70% glass. 
3 points Between 30% - 40% glass. 7 points Between 70%- 100% glass. 
4 points Between 40% - 50% glass. 

Heat resistance coefficient (ZTA). I A lower heat resistance coefficient means less cold capacity for the building. 
1 point ZTA is above 0,6. 6 points ZTA is between 0,25 and 0,3. 
2_p9ints ZTA is between 0,5 and 0,6. 7 points ZTA is between 0,2 and 0,25. 
3 points ZTA is between 0,4 and 0,5. 8 points ZTA is between 0,15 and 0,2. 
4 j>_Oints ZTA is between 0,35 and 0,4. 9 points ZT A is below 0, 15. 
5 points ZTA is between 0,3 and 0,35. 

G roup servlees 
High demand organisation I 
1 point Accessible from 7.00 to 19.00 and employees work between 3 points Accessible from 7.00 to 19.00 and employeescan work 

8.00 and 16.30h. between these times. 
2 points Accessible from 7.00 to 19.00 and employeescan start 4 points 24 hours accessible and employeescan work any time they 

50 



werking between 7.00- 9.00h and end between 15.30- want. 
17.30h. 

Heat generation I Used !ype of heatgeneratien in the building. 
1 point Traditional heating systems. 4 points Using bottam heat pumps for heating by traditional heating for 

extreme heat demanding. 
2 points Heat deliveryby third. 5 points Using bottam heat pumps for heating. 
3 points Using electric heat pumps tor heating by traditional heating for 6 points Using bottam heat pumps for heating. Also energy use by solar 

extreme heat demanding. energy. 

Heat delive11 I Used type of heat delivery in the building. 
1 point Heat delivery system has temperature care between 90 and 3 points Heat delivery system has a temperature care between 70 and 

70°C. 50°C. 
2 points Heat delivery system has a temperature care between 80 and 4 points Heat delivery system has a temperature care between 45 and 

60°C. 35°C. 

Cold generation l Used ty~e of cold generation in the building. 
1 point Traditional cooling systems. 4 points Using bottam heat pumps for cooling. 
2 points Using electric heat pumps for cooling. 5 points Using bottam heat pumps for cooling and ether durable cooling 

systems. 
3 points Using bottam heat pumps for cooling and for extreme cool 

capacity chiliers gives extra cool capacity. 

Cold delive_l"l l Used type of heat delivery in the building. 
1 point Units with freon transport fluid (stand alone). 4 points By water caoled fan coil units or freon transport fluid cooling 

and heating. 
2 points Water to cool fan coil units and cool ventilation air. 5 points By induction units. 
3 points Higher water temperature to cool ventilation air. 6 points By elimate ceilings or cantrite corn activation. 

Air conditioning I Is measured by heat exchange between outdoor and indoor air. 
1 point No heat exchange is taking placed in the air conditioning units. 4 points Heat and moisture exchange in air conditioning unit by a heat 

exchange element between 60 and 75%. 
2J~oints Heat exchange in air conditioning unit by twin coils. 5 points Heat and moisture exchange in air conditioning unit by a heat 
3 points Heat exchange in air conditioning unit by a cross flow element. exchange element between 75 and 95%. 

HVAC zonin! and control I Control of sun shade by 
1 point Possibly present sun shades move by hand. 3 points Possibly present sun shades are controllable by hand and 
2 points Possibly present sun shades are automatically controlled. automatically. 

Small power I Durable energy use 
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1 point No electricity generation with solar systems. 3 points Electricity generation with sun panels. 
2 points Green small power is used. 4 points Electricity generation with PV panels. 

Lighting systems I Control of artificial lighting 
1 point Central lighting systems. 3 points Daylight controllighting in zones and/or movement sensors. 
2 points Lighting systems controlled in zones. 4 points Daylight control lighting in zones, individual control and 

movement sensors. 

Fire safety I Type of fire proteetion installations in the building. 
1 point Standard fire safety in buildings with fire hoses. 3 points Fire hoses, dry extinguish pipes and an automatic fire alarm 

which is a part of the buildings safety system. 
2 points Standard fire safety in buildings with fire hoses and an 4 points Fire hoses, sprinkler and an automatic fire alarm part of a 

automatic fire alarm which is a part of the buildings safety buildings safety system. Depending on the height of the 
system. building dry extinguish pipes must be present. 

Building automation system I 
1 point No central building control system is present in the building. 4 points Central building control system (LON) for all services in the 

building. 
2 points Central building control system for installations in the building. 5 points Central building control system (LON) for all services in the 
3 points Central building control s_ystem for all services in the building. building and wireless cables. 

Other services I 
1 point Small cafeteria in the building. 5 points 1 big or a few small cafeterias in the building. Relaxing rooms 
2J~_oints Special smoke areas in the building and small cafeteria. and special smoke areas. 
3 points 1 big restaurant in the building. 6 points 1 big or a few small cafeterias in the building. Relaxing rooms, 
4 points 1 big or a few small cafeterias in the building and special sport facilities and special smoke areas. 

smoke areas. 

G roup s~ace p1 an 
Partition rooms I Planning grid is judged on flexibility of replaceable indoor walls. 
1 point Indoor walls are not replaceable. 3 points Indoor walls are goed replaceable. Instanation in the ceiling is 

replaceable. 
2 points Indoor walls are replaceable. Instanation in the ceiling is 4 points Indoor walls and the instanation in the ceiling are good 

difficult to replace. replaceable. Minor adjustments must be taken. 

Auditorium and fitness room I 
1 point No auditorium and fitness room in the building. 3 points Auditorium(s) present in the building. 
2 points Fitness room(s) present in the building. 4 points Auditorium(s) and fitness room(s) are present in the building. 

Facllltles management and I 
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information systems I 
1 point Reservation meeting rooms by the reception. Email for all 4 points Internet, email, alarm button below the desk, online catering for 

employees. daily menu cards in the building and reservation meeting rooms 
by the rece_ption. 

2 points Internet, email and reservation meeting rooms by the 5 points Internet, email and reservation meeting rooms at own 
receR_tion. computers, alarm button below the desk and online catering for 

3 points Internet, email, alarm button and reservation meeting rooms daily menu cards in the building. 
by the reception. 

G tff roup s u 
Furniture I 
1 point For each employee: 1 standard computer, 1 standard office 4 points For each employee: 1 flat screen computer, 1 cast, 1 standard 

desk and 1 standard chair. office desk and 1 in height adjustable chair. 
2 points For each employee: 1 standard computer, 1 standard office 5 points For each employee: 1 Standard computer, 1 cast, 1 in height 

desk, 1 standard chair and 1 cast. adjustable office desk and 1 in height and horizontal adjustable 
chair. 

3 points For each employee: 1 Standard computer, 1 cast, 1 in height 6 points For each employee: 1 flat screen computer, 1 cast, 1 in height 
adjustable office desk and 1 in height adjustable chair. adjustable office desk and 1 in height and horizontal adjustable 

chair. 

Appendix 2.2. Judgements on the selected buildings for code a to o 
Extra information is given in this appendix that is not mentioned in appendix 2.1. Marks for this subjects for each building are given in appendix 2.3 
[Ref. 1, 2, 3, 15 till 32]. 

Table A2.1. lnformation of SS criteria at the groups shell and skin for all buildings (Code a to o). 
Subjects 

Thermal Re value Re value (Roof), Re value ( outdoor U-value Glass percentage (%) Heat resistance 
strategy (Fioor), m2KIW m2KIW walls), m2KIW (glass) coefficient (ZT A) 

Buildings (EPC) 

Kender Th[ssen (Code a) 1,1 3,2 3,2 4,18 1,5 40 0,4 

Forum (Code b) 0,98 3,0 3,0 3,0 0,9 50 0,15 
North side: 49 
East and west side: Shades open : 0,6 

Hoogheemraadschap (Code c) 1,0 3,0 3,1 3,0 1,8 70. Atrium : 100 Shades closed : 0,10 

Thermo Staete (Code d) 0,6 3,8 6,0 4,5 1,1 36 < 0,4 
Hoftoren (Code e) 1,35 2,5 2,5 2,5 1,8 50 0,27 
Stadskantoor (Code f) 0,8 3,5 3,5 3,5 1,6 55 0,25 
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\NWF (Code g) 0,4 3,5 3,5 3,5 1,1 40 < 0,2 
Post Tower (Code h) 1,32 2,5 2,5 2,5 1,4 100 0,3 
Landesvertretung NRW (Code i) 0,88 2,5 2,5 2,5 1,6 100 < 0,3 
Spherion (Code j) 0,77 2,5 2,5 2,5 1,4 100 0,3 
Energy forum (Code k) 0,79 2,5 2,5 2,5 1,3 70-100 0,3 
FH-Rhein-Sieg (Code I) 0,84 2,5 4,83 4,83 1,4 60 < 0,3 
Fraunhofer ISE (Code m) 0,88 4,0 4,0 4,0 0,9 40 < 0,3 
BRE office (Code n) 1,25 2,86 4,0 2,86 2,0 40 < 0,4 
Elizabeth fry (Code o) 0,77 6,08 7,52 4,38 1,3 50 0,3 

T bi A2 2 I f f a e .. n orma 1on o f 65 "t . t h f 11 b ld" cr1 er1a a t e group serv1ces or a UI mg_s o eatoo. (C d 
Services at the building "Kender thijssen" 
Heating generation Earth heat sourees with heat pumps. During extrem energy use in the building 3 boilers will come in. 4 
Heat delivery Climate ceilings and floor heating. 4 
Cooling generation Earth heat sourees with heat pumps. During extrem energy use in the building 1 cooler refrigerator will come in. 3 
Cold delivery Climate ceilings. 6 
Air conditioning Heat exchange element with an efficiency of 90%. 5 
Services at the building "forum" 
Heating generation Earth heat sourees with heat pumps. 5 
Heat delivery lnduction units. 4 
Cooling generation Earth heat sourees with heat pumps. 4 
Cold delivery lnduction units. 6 
Air conditioning Heat exchange with an efficiency of 65%. 4 
Services at the building "Hoogheemraadschap" 
Heating generation Earth heat sourees with heat pumps. 5 
Heat delivery Climate ceilings. 4 
Cooling generation Earth heat sourees with heat pumps. 4 
Cold delivery Climate ceilings. 6 
Air conditioning Heat exchange element with an efficiency of 70%. 4 
Services at the building "Thermo staete" 
Structure Wing plus floor, FSC wood is used, recycle polystyrene for ground floor and foundation and environment friendly paints. 4 
Heating generation Earth heat sourees with heat pumps. 5 
Heat delivery Cantrite care activation. 4 
Cooling generation Earth heat sourees with heat pumps. 4 
Cold delivery Cantrite care activatien and cold air delivery from air conditioning units. 6 
Air conditioning Heat exchange element with an efficiency of 90%. 5 
Small power 80m2 PV-panels for heating cold water to 55°C. 2 
Partition rooms No indoor walls and the installation in the ceiling are replaceable. Also there are 14 flexible working spaces at a total of 99 4 

work spaces. 
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Services at the building "Hoftoren" 
Heating generation Earth heat sourees with heat pumps. 5 
Heat delivery Hot air delivery from air conditioning units and variabie air flow systems. 3 
Cooling generation Earth heat sourees with heat pumps and water cooled chillers. 4 
Cold delivery Cold air delivery from air conditioning units and variabie air flow systems. 4 
Air conditioning Heat exchange element with an efficiency of 70%. 4 
Services at the building "Stadskantoor" 
Heating generation Earth heat sourees with heat pumps. 5 
Heat delivery Climate ceilings. 6 
Cooling generation Earth heat sourees with heat pumps. 4 
Cold delivery Climate ceilings. 6 
Air conditioning Heat exchange element with an efficiency of 70%. 4 
Services at the building "WWF" 
Structure Much FSC wood is used and environment friendly paints. 4 
Heating generation Earth heat sourees with heat pumps. 5 
Heat delivery Climate ceilings. 4 
Cooling generation Earth heat sourees with heat pumps. 4 
Cold delivery Climate ceilings. 6 
Air conditioning Heat exchange element with an efficiency of 75%. 5 
Small power PV-panels for heating cold water up to 55°C. 2 
Post Tower 
Heating generation Using bottom heat pumps for heating with traditional heating for extreme heat demands. 4 
Heat delivery Heating through cantrite core activation. 4 
Cooling generation Using bottom heat pumps for cooling. 4 
Cold delivery Cooling through cantrite core activation. 6 
Air conditioning The air conditioning of the building is implemented using decentralized FSL under floor units (air supply type). Using these 1 

devices, outside air in the façade gap is sucked in, conditioned and directed to the interior. Air arrives through doors and 
corridors into the secondary rooms on the inside. The office exhaust air is passed on for heating into the sky gardens and 
centrally exhausted from there. 

Landesvertretung NRW 
Heating generation Through heat generation by third. 3 
Heat delivery Through elimate ceilings and floor heating at the ground floor. 4 
Cooling generation Through WKK. 3 
Cold delivery Through elimate ceilings and floor cooling at the ground floor. 6 
Air conditioning There is no mechanica! ventilation system in the offices of the building. Two winter gardens and an atrium play an 3 

important part in the natura! ventilation concept. With these gardens, located at the east and west side of the building, 
buffering of heat during cold weathers conditions and reduction of temperature fluctuations are possible. The building is 
divided in zones depending on user's functions. 
Fresh air supply enters the building by gaps in the winter gardens (located in the basement). Air in the winter gardens and 
the atrium are heated up by the sunshine during hot weather conditions. Heating of air results on a pressure difference 
between these spaces and the rest of the building. By accurate control of the air valves in the building air will be taken 
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from one or bath winter gardens. Ou ring the morning air will betaken from the west winter gardens and in the evening 
from the east winter gardens. In the afternoon air will be taken from bath gardens. 
The ventilation concept depends on wind strength and direction. Th is requires accurate control of the ventilation valves. A 
special automatic system is developed for the control of air valves. lt controls these valves by the measurements of indoor 
and outdoor climate. 
The meeting rooms and the auditorium are mechanica! ventilated. lts heat exchange element exchanges only heat. 

Spherion 
Heating generation Using bottam heat pumps for heating with traditional heating for extreme heat demands. 4 
Heat delivery Heating through cantrite care activation. 4 
Cooling generation Using bottam heat pumps for cooling. 4 
Cold delivery Cooling through cantrite care activation. 6 
Air conditioning Natura I ventilation day and night by opening with fixed louvers. Mechanica! ventilation only for care and conference areas. 3 
Energy forum 
Heating generation An electrical heat pump and solar energy is used for heat generation. 4 
Heat delivery Almast 80 % of heating energy demand is supplied by district heating and the static heating. The concrete care activation 4 

of floors which is fed by terrestrial heat, is applied with low ambient temperature for the basic laad cover. The atrium is 
heated by a floor heating system at an air temperature of 15°C. 

Cooling generation An electrical heat pump and energy piles is used for cold generation. 4 
Cold delivery The concrete care activation is used for dissipation of the heating loads dependent on the ambient temperature. The 6 

hydraulic circles of the energy pi les and the floors are coupled directly by a heat exchanger (free cooling). 
lf the cooling potential of the floors is insufficient, automatic night ventilation is activated for the offices on the lower floors 
in order to cool all floors sufficiently. Thus, a conventional elimate control of the room by using compressor refrigeration 
machines is nat necessary. 

Air conditioning New building: The offices are ventilated naturally by the windows except during the heating period. The atrium provides air 5 
by the ventilation lauvers fora continuous fresh air supply and evacuation of exhaust air of the atrium-orientated offices. 
Thus, the rooms facing the atrium can be ventilated naturally, toa. 
Ou ring the heating period, the hygienic air-change in the offices of the new building is achieved by two ventilation devices 
with rotary heat exchangers installed in the attic floor, which reeover up to 80% of heat and provide it to the supply air. 
Heat recovery in ventilation for new building is used only if it is cast effective. 

FH-Rhein-Sieg 
Heating generation The heating demand is provided by the cogeneration unit with 76 kW and by two gas-condensing boilers with 600 kW 4 

each through buffer storage. 
Heat delivery The seminar rooms are heated by radiators, which can be switch off automaticallyin some areas when windowsare 4 

opened. The heating is controlled in each room individually by the central building control system according to the 
occupancy. 
The auditoriums are heated by a ventilation system. In winter, a ground heat exchanger initially preheats the air. 
Subsequently, the temperature level is maintained by a rotary heatexchangerand then if necessary by a heat register. 
The supply air is brought into the auditorium via an overpressure-floor. 

Cooling generation A ground heatexchangerand a rotary heat exchanger were used, which allows passive cooling. 4 
The ground heat exchanger consistsof three concrete pipes of 75 m length each and with a diameter of 1 ,70. lt is suitable 
fora design air flow of 50.000 m3/h. The incoming air is passed through the rotary heat exchanger or directly through a 
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bypass into the auditorium. Additional cooling energy is supplied by evaporative cooling in the rotary heat exchanger. 
Cold deliverv By cold air delivery for air conditioning units. 5 
Air conditioning The seminar rooms are naturally ventilated by opening windows. In summer, cross ventilation is achieved at night by 4 

automatically opening the skylights and a ventilation channel over the corridor. The main eperating power therefore is the 
wind pressure ditterenee across the facades. 
The auditorium ventilation is achieved by a mechanica! ventilation system, tor large rooms a C02 - oriented VAV control 
system (Variable air volume system) is used. 

Fraunhofer ISE 
Heating generation The cogeneration unit is coupled to the power/heat/cooling netwerk with an absorptive cooling unit. A gas-boiler covers 4 

the peak demand for heating. 
Heat delivery Heat delivery system has temperature cores between 70 and 50°C. 3 
Cooling generation The cogeneration unit is coupled to power/heat/cooling netwerk with an absorptive cooling unit. A compression 5 

refriQeration machine covers the peak demand for cooling. 
Cold delivery Higher water temperature to cool ventilation air. 3 
Air conditioning The fresh air is drawn by a 1 OOm ground earth/air heat exchanger pipes and is therefore preheated in the winter and 3 

precaoled in the summer. This system is applied to the rooms with high internal heat gains and high ventilation demands 
(cafeteria and seminar rooms). 

BRE office 
Heating generation The building is heated using two gas-tired boilers; a 11 OkW primary condensing boiler and a standby 130kW secondary 3 

conventional high efficiency boiler. The condensing boiler is sized tor 40% of the laad, enabling it to run at maximum laad 
tor most of the time. The primary boiler effciency is 86.4% and the secondary boiler 80.5%. 

Heat delivery The hot water circulates in a system of under-floor pipes embedded in the sereed of the floor and a supplementary 4 
standard peripheral radiator system. 
The sinusoidal ceiling provides the lower two offices with a high surface area of exposed thermal mass and a lso acts as a 
conduit for ventilation of air deep into the office space. 

Cooling generation For particularly hot periods, comfort cooling using barehole groundwater is utilised. In summer cooling is transferred to the 4 
under floor pipe-work using heat exchangers. Th is system is designed to trim 2°C trom the peak summer internal 
temperatures. 

Cold delivery The building has been designed to minimise the daytime cooling requirement through shading, low internalloads and 6 
night caoled thermal mass. A wave farm (sinusoidal) hallow-care concrete ceiling slab provides the lower two offices with 
a high surface area of exposed thermal mass and also acts as a conduit for ventilation of air deep into the office space, 
permitting flexible partitioning without inhibiting natural cross-ventilation. 

Air conditioning The main components of the natural ventilation system are openable windows to supply outdoor air, ventilation stacks to 3 
extract stale air, and the sinusoidal ceilings which provide channels for air distribution and a large surface air tor night 
cooling. The sinusoidal ceiling slabs contain ducts inside the troughs of the waves, which are used to transfer outdoor air 
deep into the building. A small open able window at the outer end of each duet allows air to enter the ventilation stack. At 
the other end, the duet opens out into the corridor between the cellular offices and the open-plan area. As the air travels 
along the duet it is conditioned {ie heat is transferred between the air and the ceiling) befare it enters the occupied space. 
The windowsopening into the ceiling ducts are automatically controlled by the building management system. In winter, 
this provides the route tor basic ventilation needed to meet indoor air quality requirements. In summer it farms part of the 
niQht coolin!'l strategy. The windows, which open directly into the cellular offices and open-plan areas, are larger and are 
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usually opened and closed manually. They can also be controlled to provide additional ventilation, for example when the 
internar temperature gets too high, or for intensive night cool ing. Ventilation stacks on the south side of the building 
provide the driving force for ventilation in summer when the wind is low and cross elevation is difficult. Automatically 
controlled windows, located between the inner stack walls and the open-plan areas on the ground and first floors, open 
directly into the stacks so that air can be removed trom the building. The outer stack walls have cladding made from glass 
blocks to improve the thermal buoyancy of air within the stacks. Also, fans are fitted to the stacks to aid ventilation when 
there is little or no wind, or when the temperature is too low to provide an adequate driving force. In addition, they can be 
used to enhance daytime ventilation when the internal temperature gets too high ortoassist in purging the building for 
night cool ing. The top floor does not have a sinusoidal ceiling and is not conneeled to the stacks. On this floor the roof 
slopes upward toa height of 5 mand creates its own stack effect. Stale air is removed through the office windows. 

Elizabeth fry 
Heating generation Heating is provided by three gas-tired 24 kW dornestic condensing boilers of which normally only one is in use. The 4 

boilers supply a 65°C LPHW circuit which goes only to the heater coils in the tour AHUs. 
Heat delivery In the offices and seminar rooms, air for heating and ventilation is supplied by a patented system which uses hollow cores 4 

in concrete ceiling slabs that act as a heat sink and provide radiant heating and conveelive heat transfer to the supply air. 
During the winter the heating system maintains the temperature of the slabs at around room temperature. This ensures 
that radiant temperature in the building is close to the interna I air temperature. When the building is occupied tour air 
handling units (AHUs) deliver air for heating by extracting it over the cornice at ceiling level. 

Cooling generation The hollow core ceiling of this building is used as a part of the air delivery system not only to store heat but also coldness 4 
(coolth). During the summer period, cool night time air is blown through the ceiling slab by using mechanica! assistance. 
This cools the concrete slab and acts as a cool store for the following day. In this way the need for energy intensive air-
conditioning can be avoided. The night cooling is successful in maintaining conditions below 25°C even in the hottest 
periods. This system also has the advantage of using cheap rate electricity to operate the AHUs. On hot summer days the 
'coolth ' stored in the hollow core ceiling trom the night before improves comfort in two ways: 

lt absorbs heat produced by people and machinery acting like a radiator in reverse. 
Fresh air is passed through the ceiling slab and cooled down by it before entering the room. 

Using thermal mass over the methods of cooling allows greater treedom for occupants, as they can open windows if 
required [4]. 
On the left: 

Summer nights (during the night, the air supply fans bring the cool outdoor air into the hollow core slabs and the 
building fabric is cooled). 
During the day, the warm outside air is cooledas it passes through the cores in the slab. The cool concrete 
structure also absorbs heat generaled trom lighting, equipment, people and re-radiated solar gains. 

Cold delivery In the offices and seminar rooms, air for cooling and ventilation is supplied by a patented system which uses hollow cores 5 
in concrete ceiling slabs that act as a cold sink and provide radiant cooling and conveelive cold transfer to the supply air. 
When the building is occupied four air handling units (AHUs) deliver air for cooling by extracting it over the cornice at 
ceiling level during summer. 

Air conditioning Heat and moisture exchange in air conditioning unit by heat exchange element between 60 and 75%. 4 
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Appendix 2.3. Va/ue of degree on subjects at the buildings for code a to o 
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Site 17,3 
1 Location 7 7 5 6 7 5 7 5 5 6 5 6 6 6 6 5 5 
2 Orientation 7 8 4 1 4 5 3 4 6 5 4 8 8 8 5 6 3 
3 Utilities 7 6 4 4 4 5 5 5 5 4 5 4 5 5 5 4 4 

Telecommunications 
4 infrastructure 5 4 2 3 3 2 3 4 2 3 3 3 3 3 3 3 3 
5 Car parking 5 3 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 

Shell 27,9 
1 Thermal strategy 7 6 3 5 5 6 3 6 6 6 5 6 6 5 5 5 5 
2 Co re 3 5 4 5 5 4 5 4 4 4 4 5 5 4 4 4 4 
3 Foundation 5 2 2 1 1 2 1 1 1 1 1 1 2 1 1 1 1 
4 Structural grid 3 5 3 3 3 5 4 3 5 4 4 4 4 3 3 3 3 
5 Planning grid 7 4 3 3 3 4 3 3 4 4 2 3 3 2 2 4 4 
6 Floor size 5 4 4 4 4 3 3 3 3 2 4 4 4 1 4 4 4 
7 Floor shape 3 5 4 4 4 4 3 4 4 4 4 4 4 4 4 4 4 
8 Landlord tenancy efficiency 7 10 9 4 4 10 10 10 9 10 10 10 9 6 7 5 8 

Floor depth and sectional 
9 height 5 4 4 4 4 4 4 4 4 4 4 4 4 3 4 4 4 

10 Atrium provision 5 4 3 4 4 4 4 4 4 4 4 4 4 3 4 1 2 

Skin 19,6 
1 Services strategy 5 7 3 6 6 3 4 3 3 6 6 6 6 3 3 6 3 
2 Daylight entrance 5 7 3 5 6 4 5 5 4 6 6 6 6 5 3 5 3 
3 Curtain walls 5 6 4 3 6 5 4 3 5 4 4 4 3 4 4 4 4 
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4 Re value 5 6 3 3 3 5 2 4 4 2 2 2 2 5 5 4 6 
5 U-value (glass) 5 6 4 6 3 5 3 3 5 4 3 4 4 4 6 3 4 

6 Glass percentage 5 7 4 5 6 4 4 5 4 7 7 7 6 6 3 3 5 

7 Heat resistance coefficient 5 9 6 8 9 4 6 7 8 6 6 6 4 6 6 4 6 

Services 28,5 
1 High demand organisation 7 4 4 2 2 3 3 2 2 3 3 3 3 3 3 3 3 
2 Heat generation 5 5 3 4 4 4 4 4 4 3 2 3 5 3 3 3 3 
3 Heat delivery 3 5 4 4 5 4 3 5 5 4 4 4 4 4 3 4 4 
4 Cold generation 5 5 3 4 4 4 3 4 4 4 3 4 5 4 3 4 4 

5 Cold delivery 3 6 6 5 6 4 4 6 6 4 5 4 4 3 3 4 4 
Airconditioning (heat 

6 exchange) 5 5 5 4 4 5 4 4 5 1 3 3 5 4 3 3 4 
7 HVAC-zoning and control 3 3 3 3 3 3 3 3 4 2 3 2 3 3 3 3 2 

8 Small power 5 4 1 1 1 2 1 1 2 2 4 1 4 4 4 4 1 
9 Lighting systems 5 4 3 3 3 3 3 3 3 4 3 4 3 3 3 3 3 

10 Fire proteetion 7 4 4 4 4 2 4 4 4 4 4 4 4 3 4 3 3 

11 Building automation systems 3 5 4 4 4 4 3 3 4 4 4 4 4 2 2 4 4 

Space plan 6,7 
1 Partition locations 7 4 3 4 3 4 4 3 4 3 2 3 3 2 2 4 4 

2 Auditorium and fitness 5 4 1 3 3 1 3 1 2 3 3 3 3 3 1 1 3 

Appendix 2.4. Results of the buildings for code a to o 

Table A2 R • 4. f esults of the buildin' s or code a to o . 

(ij 
Buildinas in the Netherlands, German~ and England - - Q) C) ~ Q) 

ro c:: I Q) "'0 c:: "'0 ~ .c "'0- - Q) ..... Q) ro o Q) "'0 C) 0 2 - "'0 C) w 0 
0 8 1/) Q) - 0 ..... ~ E Q) en ~ - 1/) "'0 ~ Q) Q) 0 

Q)"- 0 
0 1/) ::"I 0 E-o ro ~ .9 

Q) ..... Q) 
~ ::l ü5 ~ J!! - "'0 ..... t-o ..... Q) 

Q) ..c:: 
~ Q) 0 en_ 0 Q) Q) 0 

..... I 

~-t- - Q)~ c: c:: 
~ :!: >u c:: .e- c: 

oE 
0 ..c::-

.E .!.2 C) .._ ro o-o roe 0 >-~ ëi) ::::::- IE Q)O ro ~ ~Q) .9 rn_ 
"êQ) C)t.... ..... Q) Q) E ..C::o.. E Q) ~~ 

·c C)Q) ..C::Q) 0 .CQ) 
·- Q) Q) "'0-o e>ro .g 1/)"'0 

~ 
Q) 0::-o 

~t 
::l t...."O - t....-o ;:,"'0 w n:J"'O 

> c: 0 ..... O..c:: Q) 0 -oo 1/) C::o:: ..c:: Q) 0 Io ro o N 0 
Criteria <( ~~ 0 0 0 ..c::u o_ J!!u o_ 

~z 
0.. c:u u.~ .._u o::_ =u u. Irn 1-- IQ) en- C....c:: en W- u.- ale: W-

Site 
Location 3.9 3.2 2.8 3.4 3.9 2.8 3.9 2.8 2.8 3.4 2.8 3.4 3.4 3.4 3.4 2.8 2.8 
Orientation 3.9 2.4 2.0 0.5 2.0 2.4 1.5 2.0 2.9 2.4 2.0 3.9 3.9 3.9 2.4 2.9 1.5 
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Utilities 3.9 3.0 2.6 2.6 2.6 3.3 3.3 3.3 3.3 2.6 3.3 2.6 3.3 3.3 3.3 2.6 2.6 
Telecommunications infrastructure 2.8 2.0 1.4 2.1 2.1 1.4 2.1 2.8 1.4 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 
Car parking 2.8 1.9 1.9 2.8 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 

Subtotal 17.3 12.5 10.6 11.3 12.4 11.8 12.6 12.7 12.2 12.4 12.0 13.8 14.5 14.5 13.0 12.3 10.8 

Shell 

Thermal strategy 3.9 3.3 2.0 3.3 3.3 3.9 2.0 3.9 3.9 3.9 3.3 3.9 3.9 3.3 3.3 3.3 3.3 
Co re 1.7 1.5 1.3 1.7 1.7 1.3 1.7 1.3 1.3 1.3 1.3 1.7 1.7 1.3 1.3 1.3 1.3 
Foundation 2.8 1.7 2.8 1.4 1.4 2.8 1.4 1.4 1.4 1.4 1.4 1.4 2.8 1.4 1.4 1.4 1.4 
Structural grid 1.7 1.2 1.0 1.0 1.0 1.7 1.3 1.0 1.7 1.3 1.3 1.3 1.3 1.0 1.0 1.0 1.0 
Planning grid 3.9 3.0 2.9 2.9 2.9 3.9 2.9 2.9 3.9 3.9 2.0 2.9 2.9 2.0 2.0 3.9 3.9 
Floor size 2.8 2.4 2.8 2.8 2.8 2.1 2.1 2.1 2.1 1.4 2.8 2.8 2.8 0.7 2.8 2.8 2.8 
Floor shape 1.7 1.3 1.3 1.3 1.3 1.3 1.0 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 
Landlord tenancy efficiency 3.9 3.2 3.5 1.6 1.6 3.9 3.9 3.9 3.5 3.9 3.9 3.9 3.5 2.3 2.7 2.0 3.1 
Floor depth and sectionat height 2.8 2.7 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.1 2.8 2.8 2.8 
Atrium provision 2.8 2.5 2.1 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.1 2.8 0.7 1.4 

Subtotaal 27.9 22.7 22.6 21.6 21.6 26.6 21.9 23.5 24.8 24.1 22.9 24.9 25.9 17.5 21.4 20.5 22.4 
Skin 

Services strate_gy 2.8 1.8 1.2 2.4 2.4 1.2 1.6 1.2 1.2 2.4 2.4 2.4 2.4 1.2 1.2 2.4 1.2 
Daylight entrance 2.8 1.9 1.2 2.0 2.4 1.6 2.0 2.0 1.6 2.4 2.4 2.4 2.4 2.0 1.2 2.0 1.2 
Curtain walls 2.8 1.9 1.9 1.4 2.8 2.3 1.9 1.4 2.3 1.9 1.9 1.9 1.4 1.9 1.9 1.9 1.9 
Rcvalue 2.8 1.6 1.4 1.4 1.4 2.3 0.9 1.9 1.9 0.9 0.9 0.9 0.9 2.3 2.3 1.9 2.8 
U-value (glass) 2.8 1.9 1.9 2.8 1.4 2.3 1.4 1.4 2.3 1.9 1.4 1.9 1.9 1.9 2.8 1.4 1.9 
Glass percentage 2.8 2.0 1.6 2.0 2.4 1.6 1.6 2.0 1.6 2.8 2.8 2.8 2.4 2.4 1.2 1.2 2.0 
Heat resistance coefficient 2.8 1.9 1.9 2.5 2.8 1.2 1.9 2.2 2.5 1.9 1.9 1.9 1.2 1.9 1.9 1.2 1.9 
Subtotal 19.6 13.0 11 .0 14.5 15.6 12.6 11.2 12.0 13.4 14.1 13.6 14.1 12.6 13.5 12.4 11.9 12.8 
Services 

High demand organisation 3.9 2.7 3.9 2.0 2.0 2.9 2.9 2.0 2.0 2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.9 
Heat generation 2.8 1.9 1.7 2.2 2.2 2.2 2.2 2.2 2.2 1.7 1.1 1.7 2.8 1.7 1.7 1.7 1.7 
Heat delivery 1.7 1.4 1.3 1.3 1.7 1.3 1.0 1.7 1.7 1.3 1.3 1.3 1.3 1.3 1.0 1.3 1.3 
Cold generation 2.8 2.1 1.7 2.2 2.2 2.2 1.7 2.2 2.2 2.2 1.7 2.2 2.8 2.2 1.7 2.2 2.2 
Cold delivery 1.7 1.3 1.7 1.4 1.7 1.1 1.1 1.7 1.7 1.1 1.4 1.1 1.1 0.8 0.8 1.1 1.1 
Airconditioning (heat exchange) 2.8 2.1 2.8 2.2 2.2 2.8 2.2 2.2 2.8 0.6 1.7 1.7 2.8 2.2 1.7 1.7 2.2 
HVAC-zoning and control 1.7 1.6 1.7 1.7 1.7 1.7 1.7 1.7 2.2 1.1 1.7 1.1 1.7 1.7 1.7 1.7 1.1 
Small power 2.8 1.5 0.7 0.7 0.7 1.4 0.7 0.7 1.4 1.4 2.8 0.7 2.8 2.8 2.8 2.8 0.7 
Lighting systems 2.8 2.2 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.8 2.1 2.8 2.1 2.1 2.1 2.1 2.1 

61 



Fire proteetion 3.9 3.6 3.9 3.9 3.9 2.0 3.9 3.9 3.9 3.9 3.9 3.9 3.9 2.9 3.9 2.9 2.9 
Building automation systems 1.7 1.2 1.3 1.3 1.3 1.3 1.0 1.0 1.3 1.3 1.3 1.3 1.3 0.7 0.7 1.3 1.3 
Subtotal 28.5 21 .6 22.8 21 .1 21.7 21 .1 20.6 21 .4 23.5 20.4 22.0 20.8 25.6 21.4 20.9 21 .8 19.7 
Spaceplan 
Partition locations 3.9 3.1 2.9 3.9 2.9 3.9 3.9 2.9 3.9 2.9 2.0 2.9 2.9 2.0 2.0 3.9 3.9 
Auditorium and fitness 2.8 1.5 0.7 2.1 2.1 0.7 2.1 0.7 1.4 2.1 2.1 2.1 2.1 2.1 0.7 0.7 2.1 
Subtotal 6.7 4.7 3.6 6.0 5.0 4.6 6.0 3.6 5.3 5.0 4.1 5.0 5.0 4.1 2.7 4.6 6.0 

Total 100.0 74.5 70.6 74.5 76.3 76.7 72.3 73.2 79.3 76.0 74.5 78.7 83.6 71.0 70.5 71.2 71.7 

f Table A2.5. Scores divided in groups or selected bulldings in the Netherla nds at all 44 selected subjects. 

Bulldings in the Netherlands 

C) c - I 
(i) 

-~ Q) ..0 "0- Q) Q) o; ;g 1/) Q) ro o - "0 .... 1/) "0 ~ Q) Q) 0 8 Q) 
::I =~ 0 E"8 ~ 8 "0 ..0 .t: () oo_ - 0 
Q) 

..... _ - Q)() c c () .... ro Q)- 0"0 roç 
C) 

Q) Q) E .t: a. E Q) ~ ~Q) -ro 

i .... "O -o ::I C"l ro '- "0 0 1/)"0 
Q) c 0 .... o.t: Q) 0 ~ "00 

Groups ~ Q)() 0 0 0 ~ 8 
0 ~() 

~- u. I rn I (/) -

Site 10,2 8,1 10,3 10,2 10,4 10,7 11,7 10,8 
Shell 20,1 20,5 19,7 19,7 25,1 19,7 21,3 23,6 
Skin 9,8 9,3 12,2 13,1 10,7 9,5 10,1 11,3 
Services 18,7 21,2 21,8 21,5 19,3 22,1 20,7 20,4 
Space plan 3,9 3,4 4,9 4,1 4,2 5,2 3,7 4,2 
Stuff 2,9 2,8 3,3 2,8 2,8 3,3 2,8 2,8 

Total 65,5 65,2 72,2 71 ,4 72,4 70,5 70,3 73,0 
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Appendix 2.5. Definition of weight factors on subjects at 65-mode/ 

T bi A2 6 W . ht f t f b" t f a e .. e1g1 ac ors o su •JeC s rom 6S d I moe 
Main criteria's (Weight factor 7) Second criteria's jWeight factor 5) Third criteria's (Weight factor 3) 
Location Car parking 
Orientation 
High demand organisation Other services and "auditorium and fitness" 
Planning grid 
Utilities Telecommunications infrastructure 
Thermal strategy Foundation Care and structural grid 

Floor size, floor shape, floor depthand sectional height, atrium provision, 
services strategy, curtain walls, daylight entrance, high demand organisation, 
re value, u-value (glass), air conditioning (heat exchange), glass percentage, 
heat resistance coefficient, daylight entrance and lighting systems. 
Heat generation Heat delivery and building automation 

systems. 
Cold generation Cold delivery, HVAC-zoning and control and 

building automation systems. 
Fire proteetion 
Landlord tenancy efficiency 
Partition locations 

Criterion "building function": 
The criterion "building function" has a big influence on the criteria "High demand organisation" and "planning grid". 

For example: A multifunctional building is used for offices and apartments. Office employees cannot werk during the evening or night because 
apartment owners can complain about the noise. 
The high demand organisation influences accessibility for employees during the day and ether criteria like "ether services" and "auditorium and 
fitness". 
Other services can be a restaurant. A fitness room will be more used during a long accessibility of employees than normal werking hours. 

The buildings tunetion can be for instanee a werking space tor employees of an insurance company or government. This has a high influence tor the 
planning grid because in an insurance company many changes on the werk floer happen all the time. Then it is important that walls, ceilings and 
installation on the werk floer are easily replaceable. 
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Criterion "utilities": 
The criterion "utilities" has a big influence on the criterion "telecommunication", because its infra structure outside the building determines the 
possibilities of infrastructure inside the building. For example a company wants a wireless network in the building. In many cases this cannot be 
connected at the buildings present infrastructure, because its cable in the ground is no glass fibre. So the outside infrastructure must also be changed. 
Facilities management information systems are a part of telecommunication. 

Criterion "thermal energy" 
Maximum values of energy performance coefficient ("thermal energy") of each user's tunetion are given in the "bouwbesluit" [Ref . 6]. The lower the 
value, the better. A low value can be reached by choosing the right possibilities of the following subjects: 

4 Foundation: Durable energy in the foundation gives better results in "thermal strategy". Foundation is more important than the criteria "core" 
and "structural grid" because: 

o Measurements of a building core or cores depend on the quality of a buildings foundation. 
o When the foundation of a building is more equal supported in the ground "structural grid" in a building can be minimised. 

Floor size: The number of people on the work floor and their equipment has an influence on the buildings heat production. This has an effect on 
the value of energy performance coefficient ("thermal energy"). 
Floor shape: The squarer the floor surface, the better the results in "thermal strategy". This applies on an equal surface and height on work floor 
between two floor shapes, because the influence of outside wall surface is lower. 
Floor depth and sectional height: When partition locations are to high more temperature ditterences in the space will exist. lt has a negative 
effect on "therm al energy". 
Atrium provis ion: The presence of an atrium and possible daylight entrance and/or elimate control has an influence on "thermal strategy". 
Services strategy. Use of for instanee elimate façade contributes toa lower value of energy performance coefficient ("thermal energy"). 
Daylight entrance: Better daylight entrance can reduce artificial lighting power use. Th is means a reduction in "therm al strategy" . 

..&. Heat generation: Durable energy systems contribute to a lower value of energy performance coefficient ("thermal energy"). Traditional 
installations increase this value. Generation of heat has a big influence on the subjects below because: 

o Type of "heat delivery" depends on chosen heat generation. 
o The choice of "buildings automation system" depends on its relationship with "heat and/or cold delivery". 

Air conditioning (heat exchange): Through exchange of heat and moisture between for example cold fresh air supply and warm exhaust air 
energy will be saved. Warmer fresh air must still be heated up toa given temperature, but it is less than cold fresh air supply. lt contributes toa 
lower value of energy performance coefficient ("thermal energy") . 

..&. Cold generation: Durable energy systems reduce the value of energy performance coefficient ("thermal energy"). Traditional installations 
increase this value. Generation of cold has a big influence on the subjects below because: 

o Type of "cold delivery" depends on chosen heat generation. 
o The choice of "buildings automation system" depends on its relationship with "heat and/or cold delivery". 
o "HVAC-zoning and control" reduces heat entrance through glass surface of the building. Less cold generation is needed. 

4 Sm all power: For example PV panels heat cold water up to a given temperature. This warmer water must then be heated up till 65°C. The water 
can be used for showering or bath ing. lt will reduce energy consumption. lt contributes to a lower value of energy performance coefficient 
("thermal energy"). 
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Re value: How higher the RC value of the building's roof, floor and outdoor walls, the less energy consumption is needed during cold weather 
situations. lt contributes to a lower value of energy performance coefficient ("thermal energy"). 
U-value (glass): How lower the U-value of glass, the less energy consumption is needed during cold weather situations. lt contributes to a lower 
value of energy performance coefficient ("thermal energy"). 
Glass percentage: Less glass percentage on the skin means less energy consumption of heating during cold weather conditions. More glass 
percentage on the skin means more daylight entrance and less energy consumption of artificial lighting during the day. Glass percentage has 
influence on energy performance coefficient ("thermal energy"). 
Heat resistance coefficient: The lower the glasses heat resistance coefficient, the less energy consumption is needed during hot weather 
situations. lt contributes to a lower value of energy performance coefficient ("thermal energy"). 
Lighting systems: There will be lower energy performance coefficient ("thermal energy"), when artificial lighting can be reduced by more 
daylight entrance and/or lighting will just switch on by movement detection. 

Criterion "atrium provision": 
Access for staff and visitors is more tempting, if an atrium provision is present in a building. 

Citerion "security": 
For example the building has a building function of employment for office workers of a bank. This has a big influence on security aspects in the 
building. More security at the parkingspace will betaken by higher security in the building. Depending on the building tunetion special access cards 
are needed (Access control and security). 
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Appendix 3. Overview of buildings at "Ecological Footprint" 
Overview of the buildingsis split in: 

Determine input values for "Ecological Footprint". Subjects at the groups "Energy & Water'' and 
"Travel" are unknown input va lues. The calculations of the input va lues are given in this chapter. 
Spreadsheet of input values at the buildings a to o. 

Th 

Spreadsheet to determine energy use and water use for the buildings a to o. 
Results of the buildings for code a to o. 
Load on earth's environment per subject at groups. 

e use db "ld" UI mgs f th" or IS researc h . th t bi b I are g1ven m e a e eow. 
Building Code Building Code Building Code 
Kender Thijssen a Stadskantoor f EnerQy forum k 
Forum b WWF g FH Rhein-Sieg I 
Hoogheemraadschap c Post tower h Fraunhofer ISE m 
Thermo Staete d Landesvertretung NRW i BRE office n 
Hoftoren e Spherion j Elizabeth try 0 

Appendix 3. 1. Determine input values for 11Ecological Footprint" 

1. Delermine input value for electricity use 
Todetermine the input value for electricity use the following formula can be used: 

Qtotal,elek = Qorg,elek + Qlight,e/ek + Qair,e/ek + Qt,heat,elek + Qt,cold,elek (A.3.1) 

Where in: 

(A.3.2) 

Q 
= nw x nh,L x (qilght x Abuidling) 

light,elek 1 OOO X 
nmonths 

(A.3.3) 

Q 
- (~up ply + !1P exhaust) x vbuilding x nv x n air 

air,elek -
1000 x 1lm x 1lo x nmonths 

(A.3.4) 

Q 
- (Qheat,pumps - Qair) x nw x nheal 

t,heat,elek - 1 OOO X CQP, X 
heat n months 

(A.3.5) 

(A.3.6) 

= Total electricity need for the building during the month (in kWh). Ot,total ,elek 

Oarg,elek 

Qlight,elek 

Oair,elek 

Ot,hot,elek 

Ot,cold,elek 

Oc,elek 

= Total electricity need for the building organisation during the month (in kWh). 
= Total electricity need for the artificiallighting during the month (in kWh). 
= Total electricity need for the air conditioning units during the month (in kWh). 
= Total electricity need for heating with heat pumps during the month (in kWh). 
= Total electricity need for cooling with heat pumps during the month (in kWh). 
= Total electricity need for computers during the month (in kWh). 
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,----------------------------------------- ------

Opr,elek 

Oph,elek 

Oair 

Oe 

Oheat,pumps 

Oph 

= Total electricity need tor printers during the month (in kWh). 
= Total electricity need tor photo printers during the month (in kWh). 
= Air pressure delivered by an exhaust air ventilator (in Pa). 
= Total heat production of a computer (in W). 
= Total heat capacity ferm the heat pumps during the year (in kW). 
= Total heat production of a photo printer (in W). 
= Total heat production of a printer (in W). Opr 

Ot,refrig 

~Psupply 
~Pexhaust 
Abuilding 

GOPcold 

GOPheat 

GOPretr 

nair 

= Total cold capacity ferm the refrigeration units during the year (in kW). 
= Air pressure delivered by a supply air ventilator (in Pa). 

nc 
nh 

nheat 

nh,l 

nk 

'lm 

= Air pressure delivered by an exhaust air ventilator (in Pa). 
= Surface of the building (in m2

). 

=Efficiency of heat pumps during cooling (-). 
= Efficiency of heat pumps during heating (-). 
= Efficiency of refrigeration during cooling (-). 
= Hours of air conditioning unit use during a day (in h). 
= Number of computers (-). 
= Number of werk hours during a day (in h). 
= Hours of heat pumps use during a day (in h). 
= Hours of artificial lighting during a day (in h). 
= Number of werk days during a year (-). 
= Efficiency of ventilator motor(-). This is 0,9. 

nmonths 

'la 
= Number of months that installation or equipment is used duringa year (-). 
=Efficiency of ventilator transmission (-). This is 0,85. 

npr 

nph 

nw 
qlight 

V building 

= Number of printers (-). 
= Number of photo printers (-). 
= Number of ventilation exchange during a hour (-). 
= Number of werk days duringa year (-). 
= Total heat production of artificiallighting per square meters (in W). 
= Volume of the building (in m3

). 

Heat capacity or cold capacity 
The following formula can be used todetermine heat capacity or cold capacity: 

Qt,heat = Qheat,pumps + Qboilers = (y pumps X Qheat,need + Qheat,lbk )+ (Yboiler X Qt,need) 

Qt,co/d = Qheat,pumps + Qrefrig = (z pumps X Qcold,need + Qcold,Jbk )+ (z refrig X Qcold,need) 

Where in: 

Q V. (Tr -TavJ 
heat ,need = building X q heat ,need X Tr _ Ta 

Qcold,need = Abuilding x (qcold,need x n + qlight )+ nempl x (qcomp + qempl) 

Qcold,lbk = vbuilding x nv x p x (x begin -x end) 

= Total heat need tor the air conditioning units during the year (in kW). 
= Total heat capacity trom the boilers during the year (in kW). 

(A.3.7) 

(A.3.8) 

(A.3.9) 

(A.3.10) 

(A.3.11) 

(A.3.12) 

Oair 

Oooilers 

Ot,cold 

Ocold,lbk 

Ocold,need 

Ot,heat 

= Total cold capacity heat trom the heat pumps during the year (in kW). 
= Gold need tor the air conditioning unit during the year (in kW). 
= Gold need tor the building itself during the year (in kW). 
= Total heat need tor the building during the year (in kW). 
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= Heat need tor the air conditioning unit during the year (in kW). 
= Heat need tor the building itself during the year (in kW). 
= Total heat capacity trom the heat pumps during the year (in kW). 

Oheat,lbk 
Oheat,need 
Oheat,pumps 
Ot,refrig 
p 

= Total cold capacity trom the refrigeration units during the year (in kW). 
= Specific mass of air (in kg/m3

). 

Abuilding 
nempl 

= Surface of the building (in m2
). 

= Number of employees in the building(-). 
= Ventilation amount for the building (-). 'lv 

qcold,need 
qcomp 
qempl 
qheat,need 
qlight 

= Heat load through outdoor conditions on the building (in W/m2
). 

= Heat load per square metre through computers in the building (in W/m2
). 

= Heat load per square metre through employees in the building (in W/m2
). 

=Heat need through outdoor conditions on the building (in W/m2
). 

= Heat load per square metre through artificial lighting in the building (in W/m2
). 

= Outdoor air temperature (in oe). This is in winter -10°e and in summer 28°e. 
= Average outdoor temperature during the year (in oe). 

Ta 
Tav 

Tend = Air temperature after heat exchange (in oe). 
Tr 
Xbegin 
Xend 

= Room temperature (in oe). This is in winter 20°e and in summer 24°e. 
= Enthalpy of air before the cooler of an air conditioning unit (in kJ/kG). 
= Enthalpy of air after the cooler of an air conditioning unit (in kJ/kG). 
= Volume of the building (in m3

). V building 
Yboiler 
Ypumps 
Zpumps 
Zrefrig 

= Part of heat delivery by boilers tor total heat need (-). 
= Part of heat delivery by heat pumps tor total heat need (-). 
= Part of cold delivery by heat pumps tor total cold need (-). 
= Part of cold delivery by heat pumps tor total cold need (-). 

Heat exchange in an air conditioning unit 
The outdoor air will enter a heat exchange element in the unit. Th is element exchanges heat and 
moisture between outdoor air supply and air which will be suck out of the room. The exchange of heat 
can be calculated with the following formula: 

(x end -x begin) 
'17m = 

(x room -x begin) 

'lt = Efficiency of a heat exchange element in an air conditioning unit(-). 

(A.3.13) 

(A.3.14) 

'lm = Efficiency of a moisture exchange element in an air conditioning unit(-). 
T begin = Outdoor air temperature (in oe). Th is is in winter -1 ooe and in summer 28°e. 
Tend =Air temperature after heat exchange (in oe). 
Truimte = Air temperature at room conditions (in oe). This is in winter 20°e and in 

summer 24°e. 
xbegin = Outdoor air moisture (in x/kg). This is in winter 1,0 gr./kg and in summer 14,2 

gr./kg. 
Xend = Air temperature after heat exchange (in oe). 
Xroom =Air temperature at room conditions (in oe). This is in winter 5,0 gr./kg and in 

summer 9,5 gr./kg. 

2. Determine input values for gas use 
Todetermine the gas use the following formula can be used: 

3600xQbioters xnwinter,days xngr x(T, -Ta) E gas = _______ .....:.......;:..__---"----
28000 * nmonths 

(A.3.15) 

E9as = Gas use by boilers in the building during a month (in MJ/m3
). 
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= Total heat capacity from the boilers during the year (in kW). 
= Number of grade hours (-). 

Qboilers 

ngr 

nmonths 

nwinter,days 

Ta 

= Number of months that installation or equipment is used duringa year (-). 
= Number of days during the winter that the boilers are needed (-). 
= Outdoor air temperature (in oe). This is in winter -1 0°e. 

Tr = Room temperature (in oe). This is in winter 20°e. 

3. Determine input va lues for water use 
Todetermine the water use the following formula can be used: 

Ewater = q water ,day x n empt x nmonths 

Ewater 

qwater,day 

nempl 

nmonths 

=Water use during a month (in m3/month). 
=Water use during by an employee (in ltr/(day*empl)). 
= Number of employees(-) . 
= Number of months that the unit is used during a year (-). 

4. Determine input va lues for transportation to and from work 

(A.3.16) 

Seven input values of transportation to and from work need to be filled in het assessment tooi 
"Ecological Footprint", namely transportation by: 

"car on their own", "car with others", "bus", "train, tramor light rail", "motorcycle", "scooter", 
"walking and cycling". 

Todetermine these input values for transportation the following formula can be used: 

Ntripst month = ntransportation x ndays 

Ntrips/month 

ntransportation 

ndays 

= Number of trips a month per type of transportation (-) . 
= Number of type for transportation by employees(-). 
= Number of days in a month (-). 

(A.3.17) 
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Appendix 3.2. Spreadsheet of input values at the buildings a to o 
Subjects Bulldin s in the Netherlands 

a 8 c d e f 9 
Building and construction 

1 Floor area (m2) 13500 17300 12000 2050 56000 7325 3770 

2 Number of levels 7 5 6 3 14 4 3 

3a lnformation about any green design at building No No No Yes No No Yes 

3b % of recycled aggregate in concrete 20 

3c % of extenders in concrete Cffv ash or slags) 10 30 

3d Use of second hand building products (%) 

3e Use of recycled matenals (%) 

4 Ground area of the base of the building (m2) 1950 3260 2000 700 4000 1834 1750 

5 Area outside of the building (m2) 1500 1250 750 400 500 1200 1750 

6 Expected life of building in vears 20 25 40 20 25 30 25 

7 Employees work in the building 300 500 360 100 5000 500 87 

Energy & water 
How much electricity does your office use (KwH/month), (see 

8 appendix 3.3 how these values are determined) 53701 76567 52923 7133 340039 33420 12533 
9 Purchase energy supplied from renewable sourees (%) 0 0 0 20 0 0 25 
10 Use of natural gas on a building (MJ/month) ), (see appendix 

3.3 how these values are determined). 108452 0 0 0 552525 0 0 
11 How much water is used per month (m3/month) 240 400 288 80 4000 400 70 

Travel (see appendix 3.3 how these values are determined) 

13 How do people travel to and from the office (Number of return triPS per month) 

a By car on their own 3900 2500 2160 1000 20000 3000 174 

b By car with others 600 500 720 280 5000 500 35 

c Bus 300 400 360 120 0 400 52 

d Train/tram/light rail 180 4600 2520 160 68000 3600 1044 

e Motorcycle 120 200 144 20 1000 200 0 
f Scooter 120 200 144 40 1000 200 0 

jg Walking/cycling 780 1600 1152 380 5000 2100 435 
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Subjects Buildingsin Gennany and England 

h i j k I m n 0 

Building and construction 

1 Floor area (m2) 72000 5500 27344 22397 39680 19475 2932 3487 

2 Number of levels 42 4 7 8 3 3 3 3 

3a lnformation about any green design at building No No No No No No No No 

3b o/o of recycled aggregate in concrete 

3c o/o of extenders in concrete (fly ash or slags) 

3d Use of second hand building products (o/o) 

3e Use of recycled materials (%) 

4 Ground area of the base of the building (m2) 4000 2180 9702 3020 15995 6474 1470 3130 

5 Area outside of the building (m2) 4000 500 500 500 15995 4500 1400 3130 

6 Expected life of building in years 30 . 20 30 30 35 20 20 25 

7 Employees work in the building 7000 100 1500 800 1700 300 100 750 

Energy & water 
How much electricity does your office use (KwH/month), (see 

8 appendix 3.3 how these values are determined) 461280 26946 113924 88603 172469 83072 9338 17336 
9 Purchase energy supplied from renewable sourees (o/o) 25 25 
10 Use of natural gas on a building (MJ/month) ), (see appendix 

3.3 how these values are determined). 1108090 0 365988 0 396516 80195 9517 18829 
11 How much water is used per month (m3/month) 4800 80 1200 640 1360 240 80 600 

Travel (see appendix 3.3 how these values are detennlned) 

13 How do people travel to and from the office (Number of retum trips per month) 

A By car on their own 70000 1000 15000 3200 8500 1200 1200 5250 

8 By car with others 14000 200 3000 640 1700 180 200 1050 

c Bus 2800 100 1500 0 0 0 100 3750 

d Train/tram/light rail 35000 440 6000 10720 21420 3900 300 1500 

e Motorcycle 1400 20 

f 
0 160 340 60 20 150 

f Scooter 2800 40 600 0 1360 120 20 300 

g Walking/cycling 14000 200 3900 1280 680 540 160 3000 
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Appendix 3.3. Spreadsheet to determine value of energy, water and transportation use of the buildings a to o 

Input va lues a b c d e f g h i j k I m n 0 

Building input 

Building (m3) 45900 58820 40800 6970 190400 24905 12080 259200 18700 113376 64322 124000 64322 5145 13280 

Total floor surface (m2) 13500 17300 12000 2050 56000 7325 3770 72000 5500 27344 22397 39680 19475 2932 3487 

Used floor surface (m2) 11000 15500 12000 1637,8 47600 7325 3770 72000 5500 27344 22397 39680 19475 2932 3487 

Re value outdoor wans (m2*k/W) 4,18 3,00 3,00 3,80 2,50 3,50 4,50 0,46 0,46 0,56 0,64 4,80 4,20 3,00 4,50 

Re value roof (m2*k/W) 3,20 3,00 3,10 6,00 2,50 3,50 5,50 0,46 0,46 0,56 0,64 1,40 2,80 4,17 7,70 

Re value Floor (m2*kJVIJ)_ 3,20 3,00 3,00 4,50 2,50 3,50 4,50 3,0 2,53 3,13 3,13 2,53 3,20 3,00 6,30 

U value glass (W/m2*k) 1,50 0,90 1,80 1,10 1,80 1,60 0,70 1,60 1,60 1,40 1,30 1,40 1,60 2,00 1,30 

ZTA value glass 

Percentages of cooling in the building 0,80 0,80 0,80 0,80 0,80 0,80 0,80 0,80 0,80 0,80 0,80 0,80 0,80 0,80 0,80 

Temperature of room eC) 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 

Instanation concept 
Percentages of energy use by heat 
pumps 0,6 1,0 1,0 1,0 0,6 1,0 1,0 0,6 1,0 0,6 1,0 0,6 0,8 0,6 0,6 

Percentages of energy use by boilers 0,4 0,4 0,4 0,4 0,4 0,2 0,4 0,4 
Percentages of energy use by 
refrigerating units 0,4 0,4 0,4 0,2 0,4 

COP healing by heat pumps 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 

COP cooling by heat pumps 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

COP refrigerating units 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 
Amount of heat exchange by heat 
exchange unit 0,9 0,65 0,8 0,85 0,7 0,8 0,9 0,3 0,7 0,7 0,6 0,8 

Heat demand (YJ/m3) 16,0 17,0 16,5 11,5 20,5 16,0 14,0 28,0 25,0 21,0 18,0 22,0 17,0 16,0 10,0 

Extern heat load (W/m2) 20 18 20 18 21 22 19 22 22 20 20 20 22 25 18 

Begin enthalpy (kJ/kG) 50,5 50,5 50,5 50,5 50,5 50,5 50,5 58,0 58,0 55,0 50,5 50,5 50,5 64,5 50,5 

End enthalpy (kJ/kG) 41,0 41,0 41,0 41,0 41,0 41,0 41,0 41,0 41,0 41,0 41,0 41,0 41,0 41,0 41,0 
Pressure loss in supply sectien of an 
air conditioning unit (Pa) 1100 1100 1100 1100 1100 900 800 900 300 300 800 1100 1100 900 800 
Pressure loss in exhaust sectien of an 
air conditioning unit (Pa) 700 700 700 700 700 600 600 700 500 500 600 700 700 700 600 

Amount of ventilation per hour 3,0 2,0 2,0 1,0 3,0 1,0 1,0 2,0 1,0 1,0 2,0 1,0 2,0 1,0 1,0 

Instanation use during the day 
Heat pumps use during the day for 
healing (hr/day) 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 
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----------------------------

Heat pumps use during the day for 
cooling (hr/day) 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 
Air conditioning unit use during the day 
(hr/day) 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 
Artificiallighting use during the day 
(hr/day) 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 
Use of artificiallighting during the day 
(-) 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 
Work time of employees per day 
(hr/day) 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 

Days in the year (n) 365 365 365 365 365 365 365 365 365 365 365 365 365 365 365 

Days in the summer (n) 114 114 114 114 114 114 114 114 114 114 114 114 114 114 114 
Lower heating value (LHV) of gas 
(Mi/m3) 35,2 35,2 35,2 35,2 35,2 35,2 35,2 35,2 35,2 35,2 35,2 35,2 35,2 35,2 35,2 

Equipment in the building 

N computers (n) 300 500 360 100 5000 500 87 5000 100 1500 800 1700 300 100 500 

N printers (n) 14 15 20 3 38 12 3 63 4 28 16 18 16 4 4 

N photo_printers (n) 2 5 4 1 10 4 1 21 1 9 4 3 5 1 1 
Elektra use of artificiallighting (W/m2) 7,2 8 7,6 7,6 11,2 8,0 7,2 9,0 8,0 7,2 7,2 10,0 8,0 10,0 8,0 

Elektra use of a computer (W) 125 125 125 125 125 125 125 125 125 125 125 125 125 125 125 

Elektra use of a printer (W) 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 

Elektra use of photo printer (W) 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 

Output values a b c d e f g h i j k I m n 0 

Gas use of elimate instanation (m3/yr.) 36972 0 0 0 188361 0 0 377758 0 124769 0 135176 27339 3245 6419 

Cooling 

Elektra use of heat load (kWhe/month) 11584 10208 7361 1059 56783 4352 1914 74879 4025 11106 13104 29334 14129 1373 2569 

Heating 
Elektra use of heat demand 
(kWhe/month) 10592 23865 16100 1789 53963 9304 3954 108222 11666 35744 27514 38726 20886 930 1839 
Elektra use of an air conditioning unit 
(kWhe/month) 1483 4435 1758 113 18458 537 130 55839 2014 8549 4157 4007 5543 554 286 
Total elektra use of heating and 
cooling (kWhe/month) 23660 38508 25218 2961 129204 14193 5998 238940 17706 55399 44776 72067 40558 2857 4694 

Others 
Elektra use of an air conditioning use 
(kWhe/month) 14420 13260 9342 910 59994 3047 1439 53679 1616 8872 9616 17575 14889 875 1492 
Elektra use of artificiallighting 
(kWhe/month) 10890 17050 12540 1712 77747 8546 3732 94500 6050 27071 22173 57867 22721 4032 3836 
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Totalelektra use of building bounded 
I 489691 688181 47101 I 55831 2669451 257861 111691 3871191 253721 91341 I 765651 1475081 781681 7763110021 eQuipment (kWhe/month) 

Building installations 
Elektra use of computers 
(kWhe/month) 4305 7175 5166 1435 71750 7175 1248 71750 1435 21525 11480 24395 4305 1435 7175 

Elektra use of printers (kWhe/month) 344 369 492 74 935 295 74 1550 98 689 394 443 394 98 98 
Elektra use of Photo printers 
(kWhe/month) 82 205 164 41 410 164 41 861 41 369 164 123 205 41 41 
Elektra use of building organisation 
equipment (kWhe/month) 4731 7749 5822 1550 73095 7634 1363 74161 1574 22583 12038 24961 4904 1574 7314 

Elek. Power use (organisation 
gebonden) (kWhe/mnd) 53701 76567 52923 7133 340039 33420 12533 461280 26946 113924 88603 172469 83072 9338 17336 

Gas use elimate installations 
(MJ/mnd) 108452 0 0 0 552525 0 0 1108090 0 365988 0 396516 80195 9517 18829 

Water 
Input values a b c d e f g h i j k I m n 0 

water use per month (ltr/day) 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 

Employees 300 500 360 100 5000 500 87 6000 100 1500 800 1700 300 100 750 

Days a month 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 

Output values a b c d e f g h i j k I m n 0 

Energy & water 
Water use per month (m3/month) 240 400 288 80 4000 400 70 4800 80 1200 640 1360 240 80 600 

T rtaf rans po IOn 
Average amount of 
transportation in the 

Input values Netherlands (%) a b c d e f g h i j k L m n 0 

How do people travel to and trom the office (in % of employees in the building) 

By car on their own 53.0 65.0 25.0 30.0 50.0 20.0 30.0 10.0 50.0 50.0 50.0 20.0 25.0 20.0 60.0 35.0 

By car with others 7.0 10.0 5.0 10.0 14.0 5.0 5.0 2.0 10.0 10.0 10.0 4.0 5.0 3.0 10.0 7.0 

Bus 4.0 5.0 4.0 5.0 6.0 0.0 4.0 3.0 2.0 5.0 5.0 0.0 0.0 0.0 5.0 25.0 

Train/tram/light rail 8.0 3.0 46.0 35.0 8.0 68.0 36.0 60.0 25.0 22.0 20.0 67.0 63.0 65.0 15.0 10.0 

Motorcycle 1.0 2.0 2.0 2.0 1.0 1.0 2.0 0.0 1.0 1.0 0.0 1.0 1.0 1.0 1.0 1.0 

Scooter 2.0 2.0 2.0 2.0 2.0 1.0 2.0 0.0 2.0 2.0 2.0 0.0 4.0 2.0 1.0 2.0 

Walking/cycling 25.0 13.0 16.0 16.0 19.0 5.0 21.0 25.0 10.0 10.0 13.0 8.0 2.0 9.0 8.0 20.0 
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Average amount of 
transportation in the 

Output values Netherlands (%) a b c d e f g h i j k L m n 0 

How do people travel to and from the office (Number of employees during a working day) 

By car on their own 53.0 195.0 125.0 108.0 50.0 1000.0 150.0 8.7 3500.0 50.0 750.0 160.0 425.0 60.0 60.0 262.5 

By car with others 7.0 30.0 25.0 36.0 14.0 250.0 25.0 1.7 700.0 10.0 150.0 32.0 85.0 9.0 10.0 52.5 

Bus 4.0 15.0 20.0 18.0 6.0 0.0 20.0 2.6 140.0 5.0 75.0 0.0 0.0 0.0 5.0 187.5 

Train/tram/light rail 8.0 9.0 230.0 126.0 8.0 3400.0 180.0 52.2 1750.0 22.0 300.0 536.0 1071.0 195.0 15.0 75.0 

Motorçy_cle 1.0 6.0 10.0 7.2 1.0 50.0 10.0 0.0 70.0 1.0 0.0 8.0 17.0 3.0 1.0 7.5 

Scooter 2.0 6.0 10.0 7.2 2.0 50.0 10.0 0.0 140.0 2.0 30.0 0.0 68.0 6.0 1.0 15.0 

Walking/cycling 25.0 39.0 80.0 57.6 19.0 250.0 105.0 21.8 700.0 10.0 195.0 64.0 34.0 27.0 8.0 150.0 

Appendix 3.4. Results of the buildings for code a to o. 
Buildings in the Netherlands, Germany and England 

a b c d E f g h i j k I m n 0 

Floor surface (m2) 13500 I7300 I2000 2050 56000 7325 3770 72000 5500 27344 22397 39680 19475 2932 3487 

Employees 300 500 360 100 5000 soo 87 7000 100 1500 800 1700 300 100 750 

Building and construction 

EnergyLand 5I6,9 529,9 229,7 78,5 I70I,6 I85,5 92,4 1837,0 210,6 698,0 571,7 868,2 745,7 112,3 106,8 

eropping Land 9,3 9,5 4,I I,4 30,5 3,3 I,7 33,0 3,8 12,5 10,3 15,6 13,4 2,0 1,9 

Grazing Land 26,9 27,5 II,9 4,I 88,4 9,6 4,8 95,5 10,9 36,3 29,7 45,1 38,7 5,8 5,5 

Forest Land 3,I 3,2 I,4 0,5 I0,2 I, I 0,6 11,1 1,3 4,2 3,4 5,2 4,5 0,7 0,6 

Occupied Land 97,2 99,9 43,4 I4,9 3I8,6 35,2 I8,0 343,8 39,7 131,1 107,4 167,5 141,4 21,3 20,4 

Subtotal 653,3 670,1 290,6 99,3 2149,4 234,8 117,4 2320,4 266,2 882,1 722,5 1101,5 943,7 142,1 135,3 

Subtotal (/m2 floor 
surface) 0,0484 0,0387 0,0242 0,0485 0,0384 0,0321 0,0311 0,0322 0,0484 0,0323 0,0323 0,0278 0,0485 0,0485 0,0388 

Utilities (Building electricity and ~as) 

EnergyLand 371,8 468,7 351,5 41,0 1635,4 169,7 72,3 1738,4 134,9 670,6 579,1 1136,7 551,8 64,2 76,8 

eropping Land 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

Grazing Land 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

Forest Land 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

Occupied Land 0,5 0,7 0,6 O,I 3,I 0,4 0,1 2,9 0,2 1,2 0,8 1,6 0,7 0,2 0,0 
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Subtotal 372,3 469,4 352,1 41,1 1638,5 170,1 72,4 1741,3 135,1 671 8 579,9 1138,3 552,5 64,4 76,8 

Subtotal (/m2 floor 
surface) 0,0276 0,0271 0,0293 0,0200 0,0293 0,0232 0,0192 0,0242 0,0246 0,0246 0,0259 0,0287 0,0284 0,0220 0,0220 

Travel to & from 

EnergyLand 79,1 111,9 80,3 22,8 1266,8 108,0 16,8 1832,1 25,8 375,7 197,6 449,3 73,3 27,2 169,7 
Cropping Land 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Grazing Land 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Porest Land 0,0 0,0 0,0 0,0 ~0,0 m= 0,0 

0,0 0,0 

~ 
0,0 0,0 0,0 

pied Land 7,6 9,2 6,8 2,2 10 9 1 168,7 2,4 34,7 1 6,0 2,6 14,6 

Subtotal 86,6 121,2 87,1 25,0 137 17,1 1 2000,8 28,1 410,4 21 79,3 29,8 184,3 

Subtotal (/empl.) 0,289 0,242 0,242 0,250 0,274 0,234 0,208 0,286 0,281 0,274 0,268 0,286 0,264 0,298 0,246 

Total global hectares 
(/m2 floor surface) 0,0760 0,0659 0,0536 0,0685 0,0676 0,0553 0,0504 0,0564 0,0730 0,0568 0,0582 0,0564 0,0768 0,0704 0,0608 

Landtype Description 
Energy land uired to absorb carbon emitted trom fuel combustion. 
eropland Areas Producing crops such as cereals, fruit and vegetables, sugar cane and so on. 
Grazing Land Area set aside tor arazina animals. 
Forest land Land required for forests. 
Consumed land lncluding buildings, roads, mining areas and so on. 
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Appendix 3.5. Load on earlh's environment per subject of groups 
Laad on earth's environment per subject of groups is split in: 

1. Laad on earth's environment at the group "Building and construction". 
2. Laad on earth's environment at the group "Energy" and "Water''. 
3. Laad on earth's environment at relationship electricity use versus gas use. 
4. Laad on earth's environment at the group "Travel". 

1. Load on earth's environment at the group "Building and construction" 

Table A.3.1. Load for the group "Building and construction" on earth' s environment 

Building and construction 

Building surface 22397 m2 

Number of levels 8 

lnformation about any green design at building 

% of recycled aggregate in concrete 0 

%of extenders in concrete (fly ash or slags) 0 

Use of second hand building products (%) 0 

Use of recycled materials (%) 0 

Ground area of the base of the building (m2) 3020 

Area outside of the building (m2) 500 

Expected life of building in years 30 

Employees work in the building 800 

By changing the input values for the group "Building and construction" the impact on the total laad 
on earth's environment can be analysed. The building "Energy forum in Berlin" is used as an 
example for this analysis (For present input values see table above). Codes of changedinput values 
are given below: 

Basis data (code: a). 
Changing number of levels to 2 (code: b1) and 4 (code: b2) 

lilt Changing% of recycled aggregate in concrete to 25% (code: c1) and 50% (code: c2). 
4 Changing% of extenders in concrete to 25% (code: d1) and 50% (code: d2). 
llllt Changing use of secend hand building products to 25% (code: e1) and 50% (code: e2). 
4 Changing use of recycled materials to 25% (code: f1) and 50% (code: f2). 

Changing ground area ofthe base ofthe building to 100m2 (code: g1) and 1000m2 (code: 
g2). 

6 Changing area outside ofthe building to 2500m2 (code: h1) and 50000m2 (code: h2). 
Changing expected life ofthe building to 20 years (code: i1), 25 years (code: i2), 30 years 
(code: i3) and 40 years (code: i4). 
Changing employees werking in the building to 100 (code: j1) and 400 (code: j2). 

Total Ecological Footprint Hectares (Giobal Average 

Energy eropping Grazing Forest Occupied 
Code Land Land Land Land Land Total Total (/m2) 
A Basis data 571,7 10,3 29,7 3,4 107,4 722,5 0,03226 

Changing number of levels 
b1 2 571,7 10,3 29,7 3,4 109,4 724,5 0,03235 
b2 4 571,7 10,3 29,7 3,4 108,1 723,2 0,03229 

Chane;ine; o/o of recycled ae;2re2ate in concrete 
c1 25 571,3 10,3 29,7 3,4 107,3 722,0 0,03224 
c2 50 570,9 10,2 29,7 3,4 107,2 721,4 0,03221 

Changing % of extenders in concrete (fly ash or sla s) 
d1 25 561,1 10,0 29,2 3,4 105,4 709,1 0,03166 
d2 50 550,6 9,9 28,6 3,3 103,4 695,8 0,03107 
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Chansdng use of second hand building products (% 

e1 25 500,2 9,0 26,0 3,0 94,1 632,3 0,02823 
e2 50 428,8 7,7 22,3 2,6 80,7 542,1 0,02420 

Changing use of recycled materia Is (%) 

f1 25 457,4 8,2 23,8 2,8 86,0 578,2 0,02582 
f2 50 343,0 6,2 17,8 2,I 64,7 433,8 0,01937 

Changing ground area ofthe base ofthe building (m2) 
g1 100 57I,7 I0,3 29,7 3,4 107,4 722,5 0,03226 
g2 IOOO 57I,7 10,3 29,7 3,4 I07,4 722,5 0,03226 

Changing area outside of the building (m2J 
h1 2500 57I,7 I0,3 29,7 3,4 I08,3 723,4 0,03230 

h2 5000 57I,7 I0,3 29,7 3,4 I08,8 723,9 0,03232 
Changing expected life of the building 

j1 20 857,6 I5,4 44,5 5,2 I60,8 1083,5 0,04838 
j2 25 686,I 12,3 35,6 4,I I28,7 866,8 0,03870 
j3 35 490,0 8,8 25,5 3,0 92,I 619,4 0,02766 

i4 40 428,8 7,7 22,3 2,6 80,7 542,1 0,02420 
Changing emplo ees work in the buildin 

j1 IOO 57I,7 I0,3 29,7 3,4 I07,4 722,5 0,03226 
j2 400 57I,7 I0,3 29,7 3,4 I07,4 722,5 0,03226 

2. Load on earth's environment for the group "Energy" and "Water" 

Table A.3.2. Load for the subject "Eiectricity use through need for h eat" on earth's environment 

Energy and water 

Electricity use (present) 88998 kWh 
Eiectricity use (new) Variabie kWh 
Electricity use by heat load 13104 kWh 
Electricity use by need for heat Variabie kWh 
Electricity use by heat of air conditioning unit 4I57 kWh 
Electricity use by warm water 3453 kWh 
Electricity use by air conditioning unit 6559 kWh 
Electricity use by artificiallighting 22I73 kWh 
Electricity use by building organisation I2038 kWh 
% totai energy supply from renewable sourees 0 
N atural gas use 0 mJ/m3 

Wateruse 640000 ltr/month 

Total Ecological Footprint Hectares (Giobal Average) 

Need for Electricity use 
heat for needof Energy eropping Grazing Forest Occupied Total 

(W/m3) heat(kWh) Land Land Land Land Land Total (/m2) 

16,0 24209 375,6 0,0 0,0 0,0 0,8 376,4 0,0168 
18,0 27514 390,1 0,0 0,0 0,0 0,8 390,9 0,0175 

20,0 31000 405,4 0,0 0,0 0,0 0,9 406,3 0,0181 
22,0 34485 420,7 0,0 0,0 0,0 0,9 421,6 0,0188 

24,0 3797I 435,9 0,0 0,0 0,0 1,0 436,9 0,0195 
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Table A.3.3. Load of the subject "Eiectricity use through heat lo ad" on earth's environment 
Energy and water 

Elecnicit-Yuse(present) 88998 kWh 
Elecnicit-Y use (new) Variabie kWh 
Elecnicit-Y use by heat load Variabie kWh 
Elecnicit-Y use by need for heat 27514 kWh 
Electricit-Y use by heat of air conditioning unit 4157 kWh 
Elecnicit-Y use by warm water 3453 kWh 
Electricit-Y use by air conditioning unit 6559 kWh 
Electricit-Y use by artificiailighting 22173 kWh 
Elecnicit-Y use by building organisation 12038 kWh 
% total energy supply from renewabie sourees 0 
Natural gas use 0 mJ/m3 

Wateruse 640000 ltr/month 

Total Ecolotdcal Footprint Hectares (Giobal Avera~e) 

Electricity use 
Heat load for need of heat Energy eropping Grazing Forest Occupied Total 
(W/m2) (kWh) Land Land Land Land Land Total (/m2) 

42 13104 390,1 0,0 0,0 0,0 0,8 390,9 0,0175 
46 14466 396,1 0,0 0,0 0,0 0,8 396,9 0,0177 
50 15828 402,0 0,0 0,0 0,0 0,8 402,8 0,0180 
J"T 17189 408,0 0,0 0,0 0,0 0,9 408,9 0,0183 

T bi A 34 L d f th a e ... oa or b" t "El t I it e SU )jeC ecrctyusea rt"fi · I r htl " on earth's environment IICia IQI ng' 
Energy and water 

Electricit-Yuse(present) 88998 kWh 
Electricit-Y use (new) Variabie kWh 
Electricit-Y use by heat load 13104 kWh 
Electricit-Y use by need for heat 27514 kWh 
Elecnicit-Y use by heat of air conditioning unit 4157 kWh 
Elecnicit-Y use by warm water 3453 kWh 
Electricit-Y use by air conditioning unit 6559 kWh 
Elecnicit-Y use by artificiallighting Variabie kWh 
Electricit-Y use by building organisation 12038 kWh 
% total energy supply from renewable sourees 0 
N atural gas use 0 mJ/m3 

Wateruse 640000 ltr/month 

Total Ecological Footprint Hectares (Giobal Average) 

Heat production Electricity use 
by artificial artificiallighting Energy eropping Grazing Forest Occupied Total 

ligbting (W/m2) (kWh) Land Land Land Land Land Total (/m2) 
7,2 22173 390,1 0,0 0,0 0,0 0,8 390,9 0,0175 
8,0 24637 400,9 0,0 0,0 0,0 0,8 401,7 0,0179 
9,0 27716 414,4 0,0 0,0 0,0 0,8 415,2 0,0185 
10,0 30796 427,9 0,0 0,0 0,0 0,8 428,7 0,0191 
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Table A.3.5. Load for the subject "% total energy supply from renewable sources" on earth's 
environment 

EneJYY and water 

Electricity use (present) 88998 kWh 
Electricity use (new) Variabie kWh 
Electricity use by heat load 13104 kWh 
Electricity use by need for heat 27514 kWh 
Electricity use by heat of air conditioning unit 4157 kWh 
Electricity use by warm water 3453 kWh 
Electricity use by air conditioning unit 6559 kWh 
Electricity use by artificiallighting 22173 kWh 
Electricity use by building organisation 12038 kWh 
% total energy supply from renewable sourees Variabie 
Natural gas use 0 mJ/m3 

Wateruse 640000 ltr/month 

Total Ecoloe:ical Footprint Hectares (Global Average 

% total energy 
supply from Energy eropping Grazing Forest Occupied Total 

renewable sourees Land Land Land Land Land Total (/m2) 
0 390,9 0,0 0,0 0,0 0,8 391,7 0,0175 

25 293,2 0,0 0,0 o,o I 0,6 293,8 0,0131 

50 195,5 0,0 0,0 0,0 0,4 195,9 0,0087 

75 97,7 0,0 0,0 0,0 0,2 97,9 0,0044 

100 0,3 0,0 0,0 0,0 0,0 0,3 0,0000 

lnfluence for the heat release from employees by electricity use 
Todetermine the input value for heat electricity use the following formula can be used: 

(qheat,re/aes x0,5xnh xnempl 

Qheat ,re/aese = l OOO X 
nmonths 

(A.3.20) 

Oheat,release 

Qheat.telease 

0,5 
nh 
nempl. 

nmonths 

= Heat production of employees during the cold weather conditions (in kWh). 
=Heat production of an employee during working behind a desk (in W/m2

). 

= Simultaneously of employees workingin the building(-). 
= Number of work hours during a day (in h). 
= Number of employees in the building(-). 
= Number of months that instanation or equipment is used duringa year (-}. 

Tbl A36L df h b" " I b ld' .. I kt h a e . . . oa ort e su eet emplo ees n UI mg' on e e ra use durinll t e year 
Electricity use by Electricity use by 
calculations of transmission losses Difference Reduction in 

Numberof transmission losses minus heat release in electricity electricity 
Buildings employees building (kWh) employees (kWh) use (kWh) use in o/o 
Kender Thiissen (Code a) 300 53701 51339 2362 4,4 
Forum (Code b) 500 76567 73287 3280 4.3 
Hooaheemraadschap (Code c) 360 52923 50561 2362 4.5 
Thermo Staete (Code d) 100 7133 6477 656 9.2 
Hoftoren (Code e) 5000 340039 307239 32800 9.6 
Stadskantoor (Code f) 500 33420 30140 3280 9.8 
WWFCCodea) 87 12533 11962 571 4.6 
Post tower (Code h) I 5000 461280 428480 32800 7.1 
Landesvertretung NRW (Code i) 100 26946 26290 656 2.4 
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Spherion (Code j) 1500 113924 104084 9840 
Enerav forum (Code k) 800 88603 83355 5248 
FH Rhein-Siea (Code I) 1700 172469 161317 11152 
Fraunhofer ISE (Code m) 300 83072 81104 1968 
BRE office (Code n) 100 9338 8682 656 
Elizabeth fry (Code o) 750 17336 14876 2460 

3. Load on earlh's environment by the relationship electricity use versus gas use 
Th db ld. f th· h . . t bi A3 7 e use UI lnQS or IS researc are g1ven 1n a e ... 
Building Code Building Code Building Code 
Kender Th ijssen a Stadskantoor f Energy forum k 
Forum b \f'No/F g FH Rhein-Siea I 
Hoogheemraadschap c Post tower h Fraunhofer ISE m 
Thermo Staete d Landesvertretung NRW i BRE office n 
Hoftoren e Spherion j Elizabeth f_ry 0 

Table A.3.7. lnfluence by the relationship "Eiectricity use versus gas use" for load on earth's 
environment 

a b c D e f g h i j k L m n 

100% Heat pumps 

Totalload 256 336 233 28 1600 147 42 2343 77 638 391 845 381 48 
Share by electricity 
u se 256 336 232 35 1599 147 56 3121 102 637 390 844 380 48 
Share by durable 
energy 0 0 0 -7 0 0 -14 -780 -25 0 0 0 0 0 
Share by water use 0 0 0 0 2 0 0 2 0 1 1 1 1 0 
80o/o Heat pumps /20% Boiler en 20% refrigeration unit 

Totalload 259 333 233 27 1596 146 42 2378 77 627 386 823 379 49 
Share by electricity 
u se 246 321 223 34 1546 141 54 3058 95 596 374 801 365 48 
Share by durable 
energy 0 0 0 -9 0 0 -13 -765 -24 0 0 0 0 0 
Share by gas use 13 11 10 1 48 5 2 82 6 30 11 21 14 2 
Share by water use 0 0 0 0 2 0 0 2 0 1 1 1 1 0 
60% Heat pumps I 40% Boiler en 40% refrigeration unit 

Totalload 261 329 233 25 1591 146 42 2192 78 561 380 801 393 44 
Share by electricity 
u se 236 306 213 33 1493 135 51 2701 88 500 358 757 365 41 
Share by durable 
energy 0 0 0 -10 0 0 -13 -675 -22 0 0 0 0 0 
Share by gas use 25 23 20 2 96 11 4 164 12 61 22 43 28 3 
Share by water use 0 0 0 0 2 0 0 2 0 1 1 1 1 0 

4. Load on earlh's environment for the group "Travel" 

Table A.3.8. In fl uence of the group "Trave I" t or the load on eart h' s environment 
A 8 c d e F g 

Employees 300 500 360 100 5000 500 87 
Travel to & Form (Total Ecological Footprint Hectares (Giobal Average)) 

Totalload 86,6 121,2 87,1 25,0 1371 147 42 
Enerav Land 79,1 111,9 80,3 22,8 1267 147 56 
Occupied Land 7,6 9,2 6,8 2,2 104 0 -14 
T otal (/empl) 0,289 0,242 0,242 0,250 0,274 0,234 0,208 
Travel per transportation by (experimental resource) 

Private car use 0,0191 0,0191 0,0191 0,0191 0,0191 0,0191 0,0191 
Carpooling 0,0095 0,0095 0,0095 0,0095 0,0095 0,0095 0,0095 
Public transport 0,0085 0,0129 0,0126 0,0102 0,0134 0,0128 0,0132 

8.6 
5.9 
6.5 
2.4 
7.0 

14.2 

0 

79 

79 

0 
0 

80 

78 

0 
2 
0 

80 

76 

0 
4 
0 
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H I j k I M n 0 

Employees 5000 100 1500 800 1700 300 100 750 
Travel to & Form (Total Ecological Footprint Hectares (Giobal Average)) 

Totalload 1445 28,1 410 214,1 486,1 79,3 29,8 184,3 
Energy Land 1302 25,8 376 197,6 449,3 73,3 27,2 169,7 
Occupied Land 143 2,4 34 16,4 36,9 6,0 2,6 14,6 
T otal (/empl) 0,289 0,289 0,274 0,268 0,286 0,264 0,298 0,246 
Travel per transportation by 

Private car use 0,0191 0,0191 0,0191 0,0191 0,0191 0,0191 0,0191 0,0191 
Carpooling 0,0095 0,0095 0,0095 0,0095 0,0095 0,0095 0,0095 0,0095 

Public transport 0,0130 0,0121 0,0120 0,0136 0,0136 0,0136 0,0116 0,0079 
Motor Cycle I Scooter 0,0104 0,0104 0,0104 0,0104 0,0104 0,0104 0,0104 0,0104 
Cycling/ Walking 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 

T bi A3 9 I fl a e ... n uence o fth esu b" "T eet lb b . I rave ,Y us or tram tram "f h I d ort e oa on eart h's environment 
I A b I c I d I E I f I g 

Public transport I 0,0085 0,01291 0,01261 0,01021 0,01341 0,01281 0,0132 
Number of employees travelling b~ 

Bus I 300 4001 36o I 120 I ol 4oo I 52 
Train/tram I 180 46oo I 252o I 16o I 68ooo I 36oo I 1044 
Ratio bus use (bus use divided by train/tram use) 

Ratio bus use I 0,63 0,131 o,o8l 0,431 o.oo I o.1o I 0,05 

I H i I i I k I L I m I n I 0 

Public transport I 0,0130 o.o121 I o.o12o I 0,01361 0,01361 0,01361 0,01161 0,0079 
Number of employees travelling b~ 

Bus I 2800 1001 15oo I ol ol ol 1oo I 3750 
Train/tram I 35000 4401 6ooo I 1ono I 2142o I 39001 3oo I 1500 
Ratio bus use (bus use divided by train/tram use) 

Ratio bus use I 0,07 0,191 o.2o I o.oo I o,oo I o,ool 0,251 0,71 
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Appendix 4. Overview of buildings at "Greencalc+" 
Overview of the buildingsis split in:: 

4 Input values for buildings a to o (1). 
4 Input values for buildings a to o (2). 
4 Output values of the group "Materials" for buildings a to o. 
4 Output values of the group "Energy" for buildings a to o. 
4 Camparing output values of the groups "Materials" and "Energy" for both programs. 
4 Output values of the group "Transportation" for buildings a to o. 

Th euse db ld. f th• UI mgs or IS researc h •thtblbl are g1ven 1n e a e eow. 
Building Code Building Code Building Code Building 

Kender Thijssen a Therrno Staete d WWF g Spherion 

Forum b Hoftoren e Posttower h Energy forum 

Hoogheemraadschap c Stadskantoor f Landesvertretung NRW i FH Rhein-Sieg 

Appendix 4.1. Input values for buildings a to o (1) 
Buildings in the Netherlands, Germany and England 

Subjects a b c d e f g h i j 

Ste:>2 

Floor area building (m2
) 13500 17300 12000 t 7325 4000 72000 5500 27344 

Atrium 600 1800 300 1560 180 420 600 2600 
No office areas in and around the 
building 2600 4900 
Surface of office (m2

) 10300 15500 11700 51100 5765 3820 71580 4900 24744 
Floor area (m2

) 1620 2580 1800 68 3450 1831 1605 2170 2442 5500 
N buildings 1 1 1 1 16 1 1 1 1 1 

1 Length of building (m) 90 172 60 115 110 107 70 66 100 
2 Width of building (m) 18 15 30 30 16,6 15 32 37 55 
3 Number of levels 7 5 6 41 4 41 3 7 

Height of building above 
4 (maaiveld) 28 20 24 12 64 1 165 16 28,8 
5 Height of ground field 0 0 0 0 0 0 0 0 0 0 

Code Building Code 
i Fraunhofer ISE m 
k BRE office n 
I Elizabeth frv 0 

k I m n 0 

39680 19475 2932 3487 
1425 900 

20972 38780 19475 2932 3487 
2964 11600 4082 975 975 

1 1 1 1 1 
57 250 125 65 65 
52 46 35 15 15 
8 3 3 3 3 

32 12 12 8 12 
0 0 0 0 0 
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Ste :> 3. Surface of the buildings walls, floor and roof 

6 Total floor surface of building 13500 17300 12000 2050 56000 7325 4000 72000 5500 27344 22397 39680 19475 2932 3487 

7 Roof 1620 2580 1800 683 3450 1830 1605 2240 2442 5500 2964 11500 4082 975 975 

8 Floor 1620 2580 1800 683 3450 1830 1605 2240 2442 5500 2964 11500 4082 975 975 

9 North outdoor wall 504 300 1440 1056 3000 420 520 780 
10 North-west outdoor wall 270 1920 1120 1284 5280 1584 1824 
11 West outdoor wall 2520 3440 720 592 552 1440 120 180 
12 South-west outdoor wall 308 7360 416 420 11550 2880 2240 
13 South outdoor wall 504 300 1440 1056 3000 420 520 780 
14 South-east outdoor wall 270 1920 1120 1284 5280 1584 1824 
15 East outdoor wall 2520 3440 720 592 120 180 
16 North-east outdoor wall 308 7360 416 420 11550 2880 2240 552 1440 

lnsidewalls 13600 9000 12960 1450 41400 5840 2700 60516 10250 14760 16700 46000 30520 2520 2700 

Ste :> 4. Conneet building parts 

17 Glass percentage 40 50 60 36 50 55 60 80 100 100 80 70 50 40 50 
18 Materials choices by index range 

Step 5. Instalistion concepts 

19 Ventilation system M M M M M M M M M M M M M M M 

20 Heating WKO WKO WKO WKO WKO WKO WKO WKO WKO WKO WKO T/D T/0 T/D T/D 

21 Cooling WKO WKO WKO WKO WKO WKO WKO WKO WKO WKO WKO T/D T/D T/D T/D 
22 Heat water supply Boiler Boiler Boiler Boiler Boiler Boiler Boiler Boiler Boiler Boiler Boiler Boiler Boiler Boiler Boiler 

23 Sanitary (S=Standard) s s s s s s s s s s s s s s s 
24 Use in rain water systems No No No No No No No No No No No No No No No 

Appendix 4.2. Input va/ues for bui/dings a to o (2) 

Buildings in the Netherlands 

Subjects I a I b I c I d I e I f I g 

Matenals building 

Foundation 

1 Foundation (290*290), m1 I 831 I 2650 I 1850 I 1051 I 5316 I 2805 I 1220 

2 At location poured concrete, m1 I 462 I 1470 I 1026 I 584 I 2955 I 1560 I 580 

Outdoor walls 

3 Outdoor walls, m2 I 3018 I 3109 I 1437 I 688 I 7718 I 1920 I 1171 
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4 I Windows in outdoor walls, m2 I 2405 I 3716 I 2577 I 459 I 9227 I 1527 I 1747 

lndoorwalls 

5 lndoorwalls (metal stud), m2 13600 9000 1437 1835 41400 5840 2700 

6 Indoor walls (concrete) 112 26 291 20 460 54 31 

7 Concrete beams (550*550), m1 2583 2940 2460 467 32000 1245 770 

8 Concrete columns (530*530), m1 1092 1250 1050 198 13700 528 310 

Floors 

9 Ground floor 1620 2581 1800 682 3453 1822 1605 

10 Indoor floors 9720 6450 5400 1365 49100 3644 2406 

11 Roof 1620 2581 1800 683 3453 1822 1605 

Energy 

12 Building use period 8-18 8-18 8-18 8-18 8-18 8-18 8-18 

13 ndays 

±= 
5 5 5 5 5 5 5 

14 Floor surface of building per employee 83 83 83 83 83 83 83 
15 Sun shades 

North orientation (None, Hand or AutomaticalM N N N N N N N 

North east orientation (None, Hand or AutomaticalM A N N N A N A 

East orientation (None, Hand or Automatically) A A A A N A A 
South east orientation (None, Hand or Automatically) A N N N A N A 

South orientation (None, Hand or Automatically) A A A A N A A 

South west orientation (None, Hand or AutomaticalM A N N N A N A 
West orientation (None, Hand or Automatically) A A A A A A A 

North west orientation (None, Hand or Automatically) N N N N A N A 
16 Climate systems 

Type of ventilation M M M M M M 
Reduction in flow during use (%) 0 0 0 0 0 0 0 

Heat exchange element 0,90 0,65 0,70 0,85 0,70 0,80 0,90 

Capacity of air supply (dm3/s) 25500 34444 26667 1944 158667 I 6918 3561 
Axis 60 77 53 4,6 373 13,5 6 
Reguiatien (Number of revolutions) N N N N N N N 
Heat generation (Eiectric heat pumps or traditional) E E E E E E E 
Efficiency of heat generation 

T emperature of water (Oe) 35-45 35-45 35-45 35-45 45-60 35-45 35-45 

Destructien of heat by (water and air) W&L W&L W&L W&L W&L W&L W&L 
Heat delivery at the building on distance (Yes=0,7 
and No =1) No No No No No No No 
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Surface of sun collectors (m2) 0 0 0 0 0 0 0 
Electric heat 

Electric heat Electric heat Electric heat pumps, cold Electric heat Electric heat Electric heat 
pumps i.c.w. pumpsi.c.w. pumps i.c.w. starage and pumps i.c.w. pumps i.c.w. pumps i.c.w. 

Cold generation cold starage cold starage cold starage energy piles cold starage cold starage cold starage 

Distribution of cold by (water and air) W&L W&L W&L W&L W&L W&L W&L 
17 Warm water supply 

Warm water machine Electric Electric Gas Electric Gas Electric Electric 
Distribution system (C=circulation system and 
E=electricity) E E c E c E E 

18 Sun collectors N N N 

Surface (m2) 0 0 0 0 0 0 0 

Orientation (H/N/NWIW/SW/S/SE/E/NE) 
Gradient {., 

19 PV systems None None None Yes None None Yes 

Type of eens (None, amorf, mono or multi crystalline) N N N multi N N multi 

Surface (m2) 0 0 0 140 0 0 600 

Orientation (H/N/NWIW/SW/S/SEIE/NE) zo zo 
Gradient (., 

Windmills 0 0 0 0 0 0 0 
20 Artificiallighting 

Installed lighting use 0f'J/m2) 7,2 8,0 7,6 7,6 11,2 8,0 7,2 
with Without with with with with 

movement movement movement with movement movement movement movement 
Type of regulation {Davliaht control) sensors sensors sensors sensors sensors sensors sensors 

Exhaust in artificial lighting box J J J N J J J 
Dateetion of presence N J J J J J J 
Surface on day light section ( .. %of Ag m2) 

G2oo 

0 

Use of artificiallighting during the year at dav light 2200 2200 2200 2200 2200 2200 

f artificiallighting during the year at night 300 300 300 300 300 300 I 300 
21 Equipment 

Office automation degree (Low=5 I average=20 I 
high=35 or own value) 3,0 3,5 3,5 6,7 10,9 7,4 2,6 

22 Correction input values 

Use of natura! gas (m3/yr) 

Use of electricity (kWhlyr) 

Use of heat (GJ/yr) 

Water 
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23 Provision 
For cooking provision (restaurant/ pantry/None) R R R p R R p 

Forsport provision (Yes/No) No No No No No No No 
lrrigation of green provision No No No No No No No 

24 Sanitary 
Traditional toilets with 91tr reservoir(%) 100 100 100 100 100 100 100 
Toilets with 61tr reservoir(%) 0 0 0 0 0 0 
Urinals (%) 0 0 0 0 0 0 
Water reservoirs with 4 ltr capacity 0 0 0 0 0 0 
Compost toilets 0 0 0 0 0 0 
Type of tap for toilets Normal Normal Normal Normal Normal Normal Normal 
Type of tap for cooking provision (1 grip mixed water 
tap) 1 grip 1 grip 1 grip 1 grip 1 grip 1 grip 1 grip 
T vpe of tap for sport provision Normal Normal Normal Normal Normal Normal Normal 
Type of showers (Water savings shower heads) y y y y y y y 

25 Rain water use None None None None None None None 
Correction input water (m3) 

Mobili~ 

26 Surroundings ofthe building (Office or pubtic school) 0 0 0 0 0 0 0 
Own parking spaces (None, average and present) p p p p p p p 
Number parking spaces (> 0, 7 per empl or < 0, 7 per 
empl) < 0,7 <0,7 <0,7 < 0,7 <0,7 < 0,7 < 0,7 
Own parking spaces for bicydes (None, average and 
present) p p p p p p p 

U se car (necessary for work) N N N N N N N 
Reachable by cyde-tracks p p p p p p p 

Reachable bv public transportation Bad Good Good Good Good Good Good 
Distance to bus stop (Average, < 300m, > 300m) >300m >300m >300m >300m >300m <300m >300m 
Number of train trips a hour (Average, good =>2, 
Bad=<2) Bad Good Good Good Good Good Good 
Distance to train station (Average, < 1000m, > 
1000m) > 1000m < 1000m > 1000m > 1000m < 1000m < 1000m > 1000m 
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Subjects Buildings in Germany and England 

h i j k I m n 0 

U value materials 

Foundation 

f 1 Foundation (290*290), m1 11483 1252 2822 1521 5905 2249 499 500 

2 At location poured concrete, m1 6384 696 1569 846 3283 1250 278 278 

Outdoor walls 

3 Outdoor walls, m2 5582 549 1485 1352 1773 1597 639 798 

4 Windows in outdoor walls, m2 26695 2622 7102 6465 4946 1909 509 955 

lndoorwalls 

5 Indoor walls (metal stud), m2 60516 10250 4929 16700 46000 30520 2520 2700 

6 Indoor walls (concrete) 902 72 54 240 304 130 10 

7 Concrete beams (550*550), m1 20918 1650 1254 5400 7000 3000 222 222 

8 Concrete columns (530*530), m1 8897 705 532 2296 2730 1275 94 94 

Floors 

9 Ground floor 10000 2439 5500 2963 11505 4381 975 975 

10 Indoor floors 45879 73~ 18215 11856 27500 13150 975 487 

11 Roof 2237 243 5500 2963 11505 4381 975 975 

Energy 

12 Building use period 8-18 8-18 8-18 7-19 8-20 8-20 8-18 8-18 

13 ndays 5 5 5 5 5 5 5 5 

14 Floor surface of building per employee 83 83 83 83 83 83 83 82 
15 Sun shades H A 

North orientation (None, Hand or Automatically) N N N N N N N N 

North east orientation (None, Hand or Automatically) A A A A A A A A 

East orientation (None, Hand or Automatically) A A A A A A A A 

South east orientation (None, Hand or Automatically) A A A A A A A A 

South orientation (None, Hand or Automatically) A A A A A A A A 

South west orientation (None, Hand or Automatically) A A A A A A A A 

West orientation (None, Hand or Automatically) A A A A A A A A 

North west orientation (None, Hand or Automatically) A A A A A A A A 
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16 Climate systems 

Type of ventilation M M NIM M M M N M 

Reduction in flow during use (%) 0 0 0 0 0 0 0 0 

Heat exchange element None None 0,3 0,7 0,6 0,7 None 0,7-1 

Capacity of air supply (dm3/s) 144000 5194 31493 34218 35800 34444 1429 3689 

Axis 308 5 33 30 84 81 3 7 
Reg u lation (Number of revolutions) N N N N N N N N 

Heat generation (Eiectric heat pumps or traditional) E E E E E E T E 

Tempersture of water (°C) 45-35 45-35 45-35 45-35 45-35 45-35 70-50 70-50 

Distribution of heat by (water and air) W&L W&L W&L W&L W&L W&L W&L W&L 
Heat delivery at the building on distance (Yes=0,7 and No 
=1) No (1) Yes (0,7) No (1) No (1) No (1) No (1) No (1) No (1) 

Surface of sun collectors 
Electric electrical 

heat pumps Electric heat Electric heat heat pump Electric heat Electric heat Electric 
i.c.w. cold pumps i.c.w. pumps i.c.w. and energy pumps i.c.w. pumps i.c.w. berehole heat 

Cold generation storage cold storage cold storage pil es cold storage cold storage groundwater pumps 

Distribution of cold by (water and air) W&L W&L W&L W&L W&L W&L W&L W&L 
17 Warm water supply 

Warm water machine Gas Electric Gas Electric Electric Electric Electric Gas 
Distribution system (C=circulation system and 
E =electricity) · c E c E E E E c 

18 Sun collectors 

Surface_{m2) 0 0 0 0 0 0 0 0 
Orientation (H/N/NW/WfZYoJ/ZJZ0/0/NO) 

Gradient (0
) 

19 PV systems Yes Yes No No No No No No 

Type of cells (None, amorf, mono or multi crystalline) Multi Multi N N N N N N 
Surface (m2) 1000 800 0 0 0 0 0 0 
Orientation _ (H/N/NW/WfZYoJ /ZJZ0/0/NO) z z 
Gradient (0

) 

Windmills 
20 Artificial lighting 

Installed lighting use (W/m2) 9,0 8,0 7,2 7,2 8,0 10,0 10,0 8,0 

Type of regulation 

Exhaust in artificial lighting box J J J J J J J J 
Detection of presence J J J J J J J J 
Surface on day light section ( .. %of Ag m2) 
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U se of artificial lighting during the year at day light 2200 2200 2200 2200 2200 2200 2200 2200 

U se of artificiallighting during the year at night 300 300 300 300 300 300 300 300 
21 Equipment 

Office automation degree (Low=5 I average=20 I high=35 
or own value) 7,3 2,0 5,9 3,8 1,8 4,5 5,0 8,0 

22 Correction input values 

Use of natural gas (m3/yr) 

U se of electricity (kWhlyr) 

U se of heat (GJtyr) 

Water 
23 Provision 

For cookin_g provision (restauranU pantry/None) R R R R R R p R 

Forsport provision (Yes/No) No No No No No No No No 

lrrigation of green provision No No No No No No No No 
24 Sanitary 

Traditional toilets with 91tr reservoir(%) 100 100 100 100 100 100 100 100 

Toilets with 61tr reservoir(%) 0 0 0 0 0 0 0 0 

Urinals (%) 0 0 0 0 0 0 0 0 

Water reservoirs with 4 ltr capacity 0 0 0 0 0 0 0 0 

Compost toilets 0 0 0 0 0 0 0 0 

Type of tap tor toilets Normal Normal Normal Normal Normal Normal Normal Normal 

Type of tap tor cooking provision (1 grip mixed water tap) 1 grip 1 grip 1 grip 1 grip 1 grip 1 grip 1 grip 1 grip 

Type of tap tor sport provision Normal Normal Normal Normal Normal Normal Normal Normal 

Type of showers (Water savings shower heads) y y y y y y y y 
25 Rain water use None None None None None None None None 

Correction input water (m3) 

Mobility 
26 Surroundings of the building (Office or public school) 0 0 0 0 0 0 0 p 

Own parkina spaces (None, average and present) p p p p p p p p 
Number parking spaces (> 0,7 per empl or < 0,7 per 
empl) < 0,7 <0,7 < 0,7 < 0,7 < 0,7 < 0,7 < 0,7 <0,7 
Own parking spaces tor bicycles (None, average and 
present) p p p p p p p p 

Use car (necessary tor work) y y y y y y y y 

Reachable by cycle-tracks y y y y y y y y 

Reachable by public transportation Good Good Good Good Good Good Good Good 
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Distance to bus stop (Average, < 300m, > 300m) >300m >300m <300m >300m >300m >300m >300m >300m 
Number of train trips a hour (Average, good =>2, 
Bad=<2) Good Good Good Good Good Good Good Good 

Distance to train station (Average, < 1000m, > 1000m) > 1000m > 1000m < 1000m < 1000m < 1000m < 1000m > 1000m > 1000m 

Appendix 4.3. Output values of the group 11Materials" for buildings a to o. 
A b c d e f G h i j k I m n 0 

Foundation (290*290), m1 € 275 701 306 347 1.406 618 224 2.532 414 622 335 1.116 744 165 132 
At location poured concrete, 
m1 € 724 1.843 804 916 3.706 1.630 520 5.582 1.091 1.640 884 2.940 1.959 435 349 

Outdoor walls, m2 € 2.775 2.287 663 626 5.6771 1.178 450 3.426 504 912 848 934 1.468 586 595 
Windows in outdoor walls, 
m2 € 1.912 2.364 1.213 365 5.869 859 891 15.017 2.176 3.995 3.637 2.523 1.518 409 615 
Indoor walls (metal stud), 
m2 € 4.914 2.602 3.384 663 11.968 1.626 16.743 3.704 1.364 4.620 12.318 11.029 911 781 

Indoor walls (concrete) € 87 16 7 15,68 285 28 465 56 28 124 134 100,60 6 
Concrete beams (550*550), 
m1 € 4.177 3.804 1.989 755 41.401 1.342 712 22.553 2.668 1.352 5.822 6.469 4.852 359 287 
Concrete columns 
(530*530), m1 € 1.640 1.502 788 298 16.459 529 266 8.907 1.059 533 2.299 2.343 1.915 141 113 

Ground floor, m2 € 1.437 1.831 799 725 2.450 1.077 410 5.912 2.163 3.252 1.752 5.831 3.886 860 749 

Indoor floors, m2 € 9.888 5.249 2.7468 804 39.960 2.471 703 31.116 7.477 12.354 8.041 15.986 13.378 995 214 

Roof, m2 € 887 1.130 528 374 1.512 681 526 836 1.335 2.055 1.107 3.790 2.398 536 534 

Total € 28.717 23.329 13.229 5.888 130.694 12.040 4.701 113.090 22.648 28.105 29.469 54.385 43.246 6.703 4.778 

Foundation (290*290), m1 m1 831 2.650 1.850 1.051 5.316 2.805 1.220 11.483 1.252 2.822 1.521 5.905 2.249 499 500 
At location poured concrete, 
m1 m1 462 1.470 1.026 584 2.955 1.560 580 6.384 696 1.569 846 3.283 1.250 278 278 

Outdoor walls, m2 m2 3.018 3.109 1.437 688 7.718 1.920 1.171 5.582 549 1.485 1.352 1.773 1.597 639 798 
Windows in outdoor walls, 
m2 m2 2.405 3.716 2.577 459 9.227 1.527 1.747 26.695 2.622 7.102 6.465 4.946 1.909 509 955 
Indoor walls (metal stud), 
m2 m2 13.600 9.000 1.437 1.835 41.400 5.840 2.700 60.516 10.250 4.929 16.700 46.000 30.520 2.520 2.700 

Indoor walls (concrete) m2 112 26 291 20 460 54 31 902 72 54 240 304 130 0 10 
Concrete beams (550*550), 
m1 m1 2.583 2.940 2.460 467 32.000 1.245 770 20.918 1.650 1.254 5.400 7.000 3.000 222 222 
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Concrete columns 
(530*530), m1 m1 1.092 1.250 1.050 198 13.700 528 310 8.897 705 532 2.296 2.730 1.275 94 94 

Ground floor, m2 m2 1.620 2.581 1.800 682 3453 1.822 1.605 10.000 2.439 5.500 2.963 11.505 4.381 975 975 

Indoor floors, m2 m2 9.720 6.450 5.400 1.365 49.100 3.644 2.406 45.879 7.350 18.215 11.856 27.500 13.150 975 487 

Roof, m2 m2 1.620 2.581 1.800 683 3.453 1.822 1.605 2.237 2.439 5.500 2.963 11.505 4.381 975 975 

Foundation (290*290), m1 €/m1 0,33 0,26 0,17 0,33 0,26 0,22 0,18 0,22 0,33 0,22 0,22 0,19 0,33 0,33 0,26 
At location poured concrete, 
m1 €/m1 1,57 1,25 0,78 1,57 1,25 1,05 0,90 0,87 1,57 1,05 1,04 0,90 1,57 1,57 1,25 

Outdoor walls, m2 €/m2 0,92 0,74 0,46 0,91 0,74 0,61 0,38 0,61 0,92 0,61 0,63 0,53 0,92 0,92 0,74 
Windows in outdoor walls, 
m2 €/m2 0,80 0,64 0,47 0,79 0,64 0,56 0,51 0,56 0,83 0,56 0,56 0,51 0,80 0,80 0,64 
Indoor walls (metal stud), 
m2 €/m2 0,36 0,29 2,35 0,36 0,29 0,28 0,00 0,28 0,36 0,28 0,28 0,27 0,36 0,36 0,29 

Indoor walls (concrete) €/m2 0,78 0,61 0,02 0,78 0,62 0,52 0,00 0,52 0,77 0,52 0,52 0,44 0,77 
Concrete beams (550*550), 
m1 €/m1 1,62 1,29 0,81 1,62 1,29 1,08 0,92 1,08 1,62 1,08 1,08 0,92 1,62 1,62 1,29 
Concrete columns 
(530*530), m1 €/m1 1,50 1,20 0,75 1,50 1,20 1,00 0,86 1,00 1,50 1,00 1,00 0,86 1,50 1,50 1,21 

Ground floor, m2 €/m2 0,89 0,71 0,44 1,06 0,71 0,59 0,26 0,59 0,89 0,59 0,59 0,51 0,89 0,88 0,77 

Indoor floors, m2 €/m2 1,02 0,81 0,51 0,59 0,81 0,68 0,29 0,68 1,02 0,68 0,68 0,58 1,02 1,02 0,81 

Roof, m2 €/m2 0,55 0,44 0,29 0,55 0,44 0,37 0,33 0,37 0,55 0,37 0,37 0,33 0,55 0,55 0,44 

Appendix 4.4. Output va/ues for the group 11Energy" for buildings a to o. 

I a I b I c I D I e I f I g I h I i I j I k I I I m I n I 0 

Heating and pumps 

Ecological tootprint I MWhlyr l144,9l339,6l214,3l22,8l 869,o 1118,1 I 49,o I 19s,9l1s4,2l 531,51 380,1 I 512,81 317,1 I 11.81 25,5 

Greencalc+ I MWh_/yr l153,8l319,5l198,5l21 .si 979,1 1119,91 52,812.229,71175,1 I 504,1 I 336,4 I 521,81 264,81 18,61 28,3 

Hot water delivery 

Ecological tootprint I MWh/yr I 20,4 I 28,7 I 22,2 I 3,0 I 88,1 I 13,sl 1,o I 133,21 10,21 50,61 41.41 73,41 3s.o I 5,41 6,5 

Greencalc+ I MWh/vr I 20,41 28,71 22,21 3,0 I 88,2[ 13,61 7,01 133,31 10,21 50,1 I 41,51 73,51 36,11 6,51 6,5 

Cooling 

Ecological tootprint I MWh/yr 1139,01122,51 88,3112,71 681 .4 I 52,2 I 23,o I 898,51 48,3 I 133,31 157,31 352,o I 169,51 16,51 30,8 

Greencalc+ I MWh/yr I 7,81 2,31 43,91 4,o I 7,51 4,o I 3,61 64,51 s.o I 15,o I 11,91 38,1 I 8,1 I 1,61 6,6 

Fans of an air conditioning unit 

Ecological tootprint I MWhlyr 1152,71130.41 89,91 8,1 I 631,91 23,o I 1o.sl 510,91 9,51 55,91 78,71 137,51 142,61 5,1 I 11,5 
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Greencalc+ I MWh/yr 1129,31126,1 I 89,41 8,41 578,21 23.1l 11.61 473,o I 1o.o I 55,21 78,81 132,51 136,71 6,31 12,6 

Lighting 

Ecological footprint MWh/yr 1130,71204,6 150,5 20,51 933,0 102.61 44,8l1.134,o I 72,61 324,8 I 266,1 L 694,41 272,71 48.4! 46,0 

Greencalc+ MWhlyr 1124,61202,5 148,0 20,31 971,0 104,o I 43,611.127,11 65,51 311,61 264,91 693,61 277,41 52,o I 42,5 

Equipment 

Ecological tootprint MWh/yr I 56,81 93,0 69,9 18,61 877,1 ~I 16.41 889,91 18,91 211 ,o I 144,51 299,51 58,81 18,91 87,8 

Greencalc+ MWh/yr I 56,1 I 92,2 71,4 18,71 882,0 I 16,71 893,51 18,71 274,31 144,71 303,61 59,61 18,91 88,5 

Total 

Ecological tootprint MWh/yr 1505,41 796,3 546,7 73,1 13.399,1 348,8l127,7l2.864,9l275,3l1.233,8l 910,711.717,61 827,31 95,61177,2 

Greencalc+ MWh/yr 1484,21769,1 529,5 71 ,913.498,5 353,3l131,6l4.856,7l279,4l1.195,3l 866,211.724,91 774,51102.41178,4 

Appendix 4.5. Camparing output values of the groups "Materials" and "Energy" 

0 

4.375 

19.127 

0,0388 

0,0132 

19 

75 

Appendix 4.6. Output values of the group "Transportation" for buildings a to o. 

Buildings in the Netherlands, Germany and England 

Subjects a I b I c I d I e I f I g I h I i I j I k I I I m I n I 0 

Employees 3oo I 5oo I 36o I 1oo I 5ooo I 5oo I 871 5ooo I 1oo I 15oo I 8oo I 11oo I 3oo I 100 I 750 
Percentage vehicle use 

Car o, 75 I o,3o I o,4o I o,64 I 0,251 0,351 0,121 o,6o I o,60 I o.6o I 0,241 0,301 o,23l o,1o I 0,42 
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Pubtic transportation 0,08 0,50 0,40 0,14 0,68 0,40 0,63 0,27 0,27 0,25 0,67 0,63 0,65 0,20 0,35 

Motorcycle 0,02 0,02 0,02 0,01 0,01 0,02 0 0,01 0,01 0,02 0,01 0,01 0,01 0,01 0,01 

Scooter 0,02 0,02 0,02 0,02 0,01 0,02 0 0,02 0,02 0 0 0,04 002 0,01 0,02 

Walkinglbicycle 0,13 0,16 0,16 0,19 0,05 0,21 0,25 0,10 0,10 0,13 0,08 0,02 0,09 0,08 0,20 

Oistance of travel with 

Car 46,0 440 44,0 460 360 42,0 44,0 44,0 44,0 44,0 38,0 36,0 38,0 44,0 44,0 

Public transportation 36,4 29,9 33,2 38,5 29,3 39,4 30,7 32,7 32,7 33,7 26,5 29,8 29,8 32,6 37,2 

Total costs on earth's environment 

Mobility € *1000 50,7 80,1 68,0 25,8 761,7 97,2 11,1 1.128,5 22,6 347,8 116,9 274,5 44,7 24,5 151,9 

Global warming €*1000 34,2 50,1 43,7 17,2 470,3 62,7 6,6 741,9 14,8 229,3 71,6 171,5 27,5 16,2 98,5 

Load on ozone layer € *1000 1,8 2,3 2,1 0,9 20,7 3,0 0,3 37,3 0,7 11,6 3,1 7,8 1,2 0,8 4,8 

Human toxicitv €*1000 5,6 8,7 7,4 2,8 82,9 10,6 1,2 123,5 2,5 38,1 12,7 29,9 4,9 H+ 16,6 

Aquatic toxicity (drink water) € *1000 0,4 0,8 0,6 0,2 7,8 0,8 ,1 8,9 0,2 2,7 1,2 2,7 0,5 1,3 

Photo chemica! oxidation € *1000 0,5 0,8 0,7 0,3 7,1 1,0 0,1 11,6 0,2 3,6 1,1 2,6 0,4 0,3 1,5 

Acid rain of sulphur € *1000 2,5 5,5 4,2 1,3 55,4 5,9 0,9 62,6 1,3 19,0 8,8 19,1 3,3 1,3 9,0 

Acid rain of phosphate € *1000 5,8 11,8 9,3 3,1 117,1 13,1 1,9 142,1 2,8 43,3 18,4 40,8 6,9 3,0 20,0 

Amount of pollutions 

Global warming tonnes C02 eq. 376,5 552,4 481,5 190,0 5.181,6 690,6 72,8 8.174,9 163,5 2.526,8 788,6 1.889,9 303,1 178,9 1.085,6 

Laad on ozone layer tonnes CFC-11 eq. 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

Human taxicity tonnes 1.4-08 eq. 114,9 180,2 153,5 58,5 1.712,2 219,3 24,8 2.551,3 51,0 786,5 262,6 617,7 100,5 55,4 342,9 

Aquatic toxicitv (drink water) tonnes 1.4-08 eq. 7,3 16,1 12,4 3,9 161,4 17,4 

~ 
184,6 3,7 56,1 25,5 55,7 9,6 3,8 26,4 

Photo chemica! oxidation tonnes C2H4 eq. 0,1 0,2 0,2 0,1 1,6 0,2 2,6 0,1 0,8 0,2 0,6 0,1 0,1 0,3 

Acid rain of sulphur tonnes S02eq. 0,9 2,0 1,5 0,5 20,3 2,2 0,3 23,0 0,5 7,0 3,2 7,0 1,2 0,5 3,3 

Acid rain of phosphate tonnes P04 eQ. 0,1 0,2 0,2 0,1 2,2 0,2 0,0 2,6 0,1 0,8 0,3 0,7 0,1 0,1 0,4 

Global warming kg!empl 1,25 1,10 1,34 1,90 1,04 1,38 0,84 1,63 1,63 1,68 0,99 1,11 1,01 1,79 1,45 

Human toxicitv kg/empl 0,38 0,36 0,43 0,58 0,34 0,44 0,29 0,51 0,51 0,52 0,33 0,36 0,33 0,55 0,46 
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Earths environment effects mobility Car use (%) 
0 10 25 40 50 70 80 92 

O.V. use (%) 
92 82 67 52 42 22 12 0 

Number of cars 
0 80 200 320 400 560 640 736 

Numberof 
employees o.v. 736 656 536 416 336 176 96 0 

1 Emissions 

Global warming kg C02 eq. 586.596 668.764 788.617 909.917 990.783 1.152.516 1.233.382 1.330.422 

Load on ozone layer ka CFC-11 ea. 0 0 1 1 1 1 1 1 

Human toxicity ka1.4-DB ea. 209.721 231.275 262.573 294.311 315.469 357.786 378.944 404.334 

Aquatic toxicitv (drink water) ka1.4-DB ea. 25.669 25.618 25.480 25.368 25.293 25.144 25.070 24.981 

Terresistic toxicity ka1.4-DB eq. 1.335 1.386 1.459 1.533 1.583 1.682 1.732 1.792 

Photo chemica! oxidation kg C2H4 eq. 173 202 245 288 317 374 403 437 

Acid rain of sulphur kg 502 ea. 3.264 3.247 3.215 3.185 3.166 3.127 3.107 3.084 

Acid rain of phosphate kg P04 eq. 327 331 338 344 349 358 362 368 

2 Earths environment costs € (p.y.) 93.981 103.329 116.896 130.657 139.831 158.179 167.353 178.362 

Global warming € (D.V.) 53.237 60.694 71.572 82.580 89.920 104.598 111.937 120.744 

Load on ozone layer € (e.v.> 1.857 2.358 3.093 3.834 4.329 5.317 5.812 6.405 

Human toxicity € (p.y.) 10.149 11.192 12.706 14.242 15.266 17.314 18.338 19.567 

Aauatic toxicitv (drink water) € (e.v.> 1.242 1.240 1.233 1.228 1.224 1.217 1.213 1.209 

Terresistic toxicity € (e.v.> 65 67 71 74 77 81 84 87 

Photo chemica! oxidation € (e.v.> 761 890 1.077 1.267 1.394 1.646 1.773 1.925 

Acid rain of sulphur € (p.y.) 8.886 8.841 8.752 8.673 8.619 8.513 8.460 8.396 

Acid rain of phosphate € (p.v.) 17.783 18.047 18.392 18.759 19.003 19.492 19.737 20.030 

3 Earths environment costs Terresistic toxicitv €/kG (D.y.) €0,05 
Photo chemica! 

Global warming €/kG (p.y.) €0,09 oxidation €/kG (p.y.) €4,40 

Human toxicity €/kG (p.y.) €0,05 Acid rain of sulphur €/kG (p.y.) €2,72 

Aquatic toxicitv (drink water) €/kG (P.v.) €0,05 Acid rain of phosphate €/kG (p.y.) €54,38 
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Appendix 5. Overview of buildings at "LEED" and "BREEAM" 

s ta" bi b ld" US ma e UI mg assessmen t t I "LEED" 00 dls ere 1 
Sustainable Sites 14 Possible 

points 
Credit 1 Site Selection 1 
Avoid development of inappropriate sites and reduce the environmental impact from 
the location of a building on a site. 
Credit 2 Development Density & Community Connectivity 1 
Channel development to urban areas with existing infrastructure, proteet Greenfields 
and preserve habitat and natural resources. 
Credit 3 Brownfield Redevelopment 1 
Rehabilitate damaged sites where development is complicated by environmental 
contamination, reducing pressure on undeveloped land. 
Credit 4.1 Alternative Transportation, Public Transportation Access 1 
Reduce pollution and land development impacts from automobile use. 
Credit 4.2 Alternative Transportation, Bicycle Storage & Changing Rooms 1 
Reduce pollulion and land development impacts trom automobile use. 
Credit 4.3 Alternative Transportation, Low Emltting & Fuel Efficient Vehicles 1 
Reduce pollution and land development impacts from automobile use. 
Credit 4.4 Alternative Transportation, Parking Capscity 1 
Reduce pollution and land development impacts from single occupancy vehicle use. 
Credit 5.1 Site Development, Proteet or Restore Habitat 1 
Conserve existing natura! areas andrestore damaged areas to provide habitat and 
promote biodiversity. 
Credit 5.2 Site Development, Maxlmize Open Space 1 
Provide a high ratio of open space to development tootprint to promote biodiversity. 
Credit 6.1 Storm water Design, Quantity Control 1 
Limit disruption of natural water hydrology by reducing impervious cover, increasing 
on-site infiltration, reducing or eliminating pollution from storm water runoff, and 
eliminating contaminants. 
Credit 6.2 Storm water Design, Quality Control 1 
Limit disruption and pollution of natural water flows by rnanaging storm water runoff. 
Credit 7.1 Heat lsland Effect, Non-Roof 1 
Reduce heat islands (thermal gradient ditterences between developed and 
undeveloped areas) to minimize impact on microelimate and human and wildlife 
habitat. 
Credit 7.2 .Heat Is land Effect, Roof 1 
Reduce heat islands (thermal gradient ditterences between developed and 
undeveloped areas) to minimize impact on microelimate and human and wildlife 
habitat. 
Credit 8 Light Pollution Reduction 1 
Minimize light trespass from the building and site, reduce sky-glow to increase night 
sky access, improve night time visibility through glare reduction, and reduce 
development impact on nocturnal environments. 

Water Efficiency 5 Possible 
points 

Credit 1.1 Water Efficient Landscaping, Reduce by 50% 1 
Limit or eliminate the use of potable water, or other natural surface or subsurface 
water resources available on or naar the project site, for landscape irrigation. 
Credit 1.2 Water Efficient Landscaping, No Potable Use or No lrrigation 1 
Eliminate the use of potable water, or other natura! surface or subsurface water 
resources available on or naar the project site, for landscape irrigation. 
Credit 2 lnnovatlve Wastewater Technologies 1 
Reduce generation of wastewater and potable water demand, while increasing the 
local aquifer recharge. 
Credit 3.1 Water Use Reductlon, 20% Reduction 1 
Maximize water efficiency within buildings to reduce the burden on municipal water 
supply and wastewater systems. 
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Credit 3.2 Water Use Reduction, 30% Reduction 1 
Maximize water efficiency within buildings to reduce the burden on municipal water 
supply and wastewater systems. 

Energy & Atmosphere 17 Possible 
points 

Credit 1 Optimize Energy Performance 1-10 
Achieve increasing levels of energy performance above the baseline in the 
prerequisite standard to reduce environmental and economie impacts associated with 
excessive energy use. 
Energy performance coefficient (EPC} < 0,8: 10 points. 
Energy performance coefficient {EPC} > 0,8 and < 1,0: 9 points. 
Credit 2 On-Site Renewable Energy 1-3 
Encourage and recognize increasing levels of on-site renewable energy self-supply in 
order to reduce environmental and economie impacts associated with fossil fuel 
energy use. 
1 points: bigger than 0% till 5%. 2 points: > 5%- < 12,5%. 3 points: > 12,5%. 
Credit 3 Enhanced Commissioning 1 
Begin the commissioning process early during the design process and execute 
additional activities after systems performance verification is completed. 
Credit 4 Enhanced Refrigerant Management 1 
Reduce ozone depletion and support early compliance with the Montreal Protocol 
while minimizing direct contributions to global warming. 
Credit 5 Messurement & Verification 1 
Provide for the ongoing accountability of building energy consumption over time. 
Credit 6 Green Power 1 
Encourage the development and use of grid-source, renewable energy technologies 
on a net zero pollution basis. 

Materials & Resources 13 Possible 
points 

Credit 1.1 Building Reuse, Maintain 75% of Existing Walls, Floors & Roof 1 
Extend the life cycle of existing building stock, conserve resources, retain cultural 
resources, reduce waste and reduce environmental impacts of new buildings as they 
relate to materials manufacturing and transport. 
Credit 1.2 Building Reuse, Maintain 95% of Existing Walls, Floors & Roof 1 
Extend the life cycle of existing building stock, conserve resources, retain cultural 
resources, reduce waste and reduce environmental impacts of new buildings as they 
relate to materials manufacturing and transport. 
Credit 1.3 Building Reuse, Maintain 50% of lnterior Non-Structural Elements 1 
Extend the life cycle of existing building stock, conserve resources, retain cultural 
resources, reduce waste and reduce environmental impacts of new buildings as they 
relate to materials manufacturing and transport. 
Credit 2.1 Construction Waste Management, Divert 50% from Disposal 1 
Divert construction, demolition and land-clearing debris from disposal in landfills and 
incinerators. Redirect recyclable reeavered resources back to the manufacturing 

_Qrocess. Redirect reusable materials to appropriate sites. 
Credit 2.2 Construction Waste Management, Divert 75% from Disposal 1 
Divert construction and demolition debris from disposal in landfills and incinerators. 
Redirect recyclable reeavered resources back to the manufacturing process. Redirect 
re-usable materials to appropriate sites. 
Credit 3.1 Materials Reuse, 5% 1 
Re-use building materials and products in order to reduce demand for virgin materials 
and to reduce waste, thereby reducing impacts associated with the extraction and 
processing of virgin resources. 
Credit 3.2 Materials Reuse, 10% 1 
Re-use building materials and products in order to reduce demand for virgin materials 
and to reduce waste, thereby reducing impacts associated with the extraction and 
processing of virgin resources. 
Credit 4.1 Recycled Content, 10% (post-consumer + 1/2 pre-consumer) 1 
lncrease demand for building products that incorporate recycled content materials, 
thereby reducing impacts resulting from extraction and processing of virgin materials. 
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Credit 4.2 Recycled Content, 20o/o (post-consumer + 1/2 pre-consumer) 1 
lncrease demand for building products that incorporate recycled content materials, 
thereby reducing the impacts resulting from extraction and processing of virgin 
materials. 
Credit 5.1 Regional Materlals, 10o/o Extracted, Processed & Manufactured 1 
Regionally 
lncrease demand for building materials and products that are extracted and 
manufactured within the region, thereby supporting the use of indigenous resources 
and reducing the environmental impacts resulting from transportation. 
Credit 5.2 Regional Materlals, 20o/o Extracted, Processed & Manufactured 1 
Regionally 
lncrease demand for building materials and products that are extracted and 
manufactured within the region, thereby supporting the use of indigenous resources 
and reducing the environmental impacts resulting from transportation. 
Credit 6 Rapidly Renewable Matenals 1 
Reduce the use and depletion of finite raw materials and long-cycle renewable 
materials by replacing them with rapidly renewable materials. 
Credit 7 Certified Wood 1 
Encourage environmentally resPOnsible torest management. 

Indoor Environmental Quallty 15 Possible 
Points 

Credit 1 Outdoor Air Delivery Monitoring 1 
Provide capacity for ventilation system monitoring to help sustain occupant comfort 
and well-being. 
Credit 2 lncreased Ventnation 1 
Provide additional outdoor air ventilation to improve indoor air quality for improved 
occupant comfort, wellbeing and productivity. 
Credit 3.1 Construction IAQ Management Plan, During Construction 1 
Reduce indoor air quality problems resulting from the construction/renovation process 
in order to help sustain the comfort and well-being of construction workers and 
building occupants. 
Credit 3.2 Construction IAQ Management Plan, Before Occupancy 1 
Reduce indoor air quality problems resulting from the construction/renovation process 
in order to help sustain the comfort and well-being of construction workers and 
building occupants. 
Credit 4.1 Low-Emitting Materlals, Adhesives & Sealants 1 
Reduce the quantity of indoor air contaminants that are odorous, irritating and/or 
harmful to the comfort and well-being of insta IIers and occupants. 
Credit 4.2 Low-Emitting Materials, Paints & Coatings 1 
Reduce the quantity of indoor air contaminants that are odorous, irritating and/or 
harmful to the comfort and well-being of instaUers and occupants. 
Credit 4.3 Low-Emitting Materia Is, Carpet Systems 1 
Reduce the quantity of indoor air contaminants that are odorous, irritating and/or 
harmful to the comfort and well-being of installers and occupants. 
Credit 4.4 Low-Emitting Materials, Composite Wood & Agrifiber Products 1 
Reduce the quantity of indoor air contaminants that are odorous, irritating and/or 
harmful to the comfort and well-being of insta IIers and occupants. 
Credit 5 Indoor Chemica! & Pollutant Souree Control 1 
Minimize exposure of building occupants to potentially hazardous particulates and 
chemica! pollutants. 
Credit 6.1 Controllabillty of Systems, Lighting 1 
Provide a high level of lighting system control by individual occupants or by specific 
groups in multi-occupant spaces (i.e. classrooms or conference areas) to promote the 
productivity, comfort and well-being of building occupants. 
Credit 6.2 Controllabillty of Systems, Thermal Comfort 1 
Provide a high level of thermal comfort system control by individual occupants or by 
specific groups in multioccupant spaces (i.e. classrooms or conference areas) to 
promote the productivity, comfort and well-being of building occupants. 
Credit 7.1 Thermal Comfort, Design 1 
Provide a comfortable thermal environment that supports the productivity and well-
being of building occupants. 
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Credit 7.2 Thermal Comfort, Verification 1 
Provide for the assessment of building thermal comfort over time. 
Credit 8.1 Daylight & Views, Daylight 75% of Spaces 1 
Provide for the building accupants a conneetion between indoor spaces and the 
outdoors through the introduetion of daylight and views into the regularly occupied 
areas of the building. 
Credit 8.2 Daylight & Views, Views for 90% of Spaces 1 
Provide for the building accupants a conneetion between indoor spaces and the 
outdoors through the introduetion of daylight and views into the regularly occupied 
areasof the building. 

lnnovation & Design 5 Possible 
Points 

Credit 1.1 t/m 1.4. lnnovation in Design 4 
To provide design teams and projects the opportunity to be awarded points for 
exceptional performance above the requirements set by the LEED for New 
Construction Green Building Rating System and/or innovative performance in Green 
Building categories not specifically addressed by the LEED for New Construction 
Green Building Rating System. 
Credit 2 LEED Accredited Professional 1 
To support and encourage the design integration required by a LEED for New 
Construction green building project and to streamline the application and certification 
process. 

Project Totals 69 Possible 
Points 

s ta" bi b ld" US ma e UI mg assessmen t to I "BREEAM" 0 d"ts ere 1 
Management 15 Possible 

points 
M01: Monitor commissioning by a project team member on behalf of the elient 1,67 
M01: Seasonal commissioning during the first year 1,67 
M04: Where the project camplies with either the Considerate Gonstructors scheme or 3,33 
an alternative independently assessed scheme and where a firm commitment is made 
to achieve certification under that scheme to the following standards: Better than 
industry standard or best practice 
M05: Where evidence provided demonstrates that: 5,00 
At least two of items a-g, listed below are achieved. (1 ,67) or at least four of items a-g, 
listed below are achieved. (3,33) or at least six of items a-g, listed below are achieved. 
M05: Temporary timber is used on site during construction, this is from a sustainably 1,67 
responsible souree or is re-used or recycled. 
M12: A guide that covers information relevant to the tenant/accupants and non-technica! 1,67 
building manager on the eperation and environmental performance of the building. 

Health & wellbeing 15 Possible 
points 

HW01: At least 80% of office floor area is daylit. 1,154 
HW02: All desks are within a 7m radius of a window. 1,154 
HW03: An occupant controlled glare control system (e.g. internalor external blinds) 1,154 
HW04: High frequency ballasts are installed on all fluorescent and compact fluorescent 1,154 
lamps. 
HW05: All internal and external lighting is accordance with the appropriate maintained 1,154 
luminanee levels (in lux). 
HW06: Lighting is zoned to allow separate controL 1,154 
HW08: External façade windows to all occupied areas are open able. 1,154 
HW09: Avoid major sourees of external p_ollution and recirculation of exhaust air. 1,154 
HW11: By mechanically ventilation is fresh air provided at 121/s/person. OR. By naturally 1,154 
ventilation comes fresh air equivalent to 5% on the surface (open a bie windows) of the 
building. 
HW14: Thermal comfort levels are assessed at design stage and appropriate thermal 1,154 
comfort levels are achieved. 
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HW15: Local temperature control in each area. 1,154 
HW16: Minimise the risk of waterborne and airborne legionella contamination. 1,154 
HW17: Low internat noise levels in the buildings. 1,154 

• 35-40dB LAeqT in single occupancy, cellular offices . 

• 40-45 dB LAeqT I in medium sized, multi-occupancy open plan offices-s 4 

• work stations s 40m2 
• 

• 45-50 dB LAeqT in large multi-occupancy, open plan offices> 4 work stations> 
40m2

• 

Energy 13,6 
Possible 
points 

E01 : Where the building demonstrates a percentage impravement above the 11 ,35 
requirement 
for C02 emissions as set out in the Building Regulations. 

• +1%, 0,76 points . .. +2%, 1,52 points . ... +4%, 2,27 points . ... +6%, 3,03 points . ... +8%, 3,79 points . ... +10%, 4,55 points . ... +12%, 5,30 points . .. +14%, 6,06 points . 

• +18%, 6,89 points . 

• +22%, 7,57 points . 

• +30%, 8,33 points . 

• +40%, 9,09 points . 

• +50%, 9,85 points. 

• +60%, 10,61 points . 

• > 70%, 11,35 points . 
E02: Electricity sub metering is provided for substantive energy uses within the building 0,76 
covering lighting and small power, and each of the following where present: .. Computer Room, humidification Plant, cooling Plantand fans (major) . 
E03: Sub-metering of energy use by tenancy/areas is installed within the building. 0,76 
E04: Energy efficient external luminaries are specified and alllight fittings controlled for 0,76 
the presence of daylight. 

Transport 11,4 
Possible 
points 

T01 : Good access is available to and from pubtic transport networks for commuting 1,52 
and/or business travel. 
T02: Total Net C02 emissions arising from transport to and from the building will be 7,57 
predicted basedon location. Credits given arebasedon the scale below: a) Rural 
location with typical pubtic transport connections (0,76); b) Edge of town location with 
typical public transport connections (1,52); c) Small town location with typical pubtic 
transport connections {3,03); d) City/town centre location with typical pubtic transport 
connections (4,55) e) Central urban conurbation location with typical pubtic transport 
connections {6,06), f) Close to major transport node location with typical pubtic transport 
connections (7,57). 
TOS: Secure and well lit cycle racks and showers. Compliant cycle starage facilities 1,52 
must be provided for a percentage of building. Provision of changing facilities and 
lockers for clothes or a dedicated drying space for wet clothes. 
TOB: Developed travel plan and tailored to the specific needs of the users. 0,76 

Water 5 Possible 
points 

W01 : Credits are awarded based on the impravement over standard specificatien of 2,50 
water fittings. A standard specificatien would include 6 titre flush toilets, u rinals with no 
controls, a shower that uses 12-15 litres per minute, standard tapswithno flow 
restrictors. In a format BREEAM assessment the predicted water consumption wilt be 
calculated using the BREEAM water calculator, as a guide the following can be used as 
a rough estimate of likely number of credits: ... Where some of the fittings use less water than a standard fitting OR 
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• Where all of the fittings are low water or, where only some of the fittings are low 
water, rainwater or grey water systems are specified. OR .. Where the water fittings are all low water and ra inwater or grey water fittings 
have been specified. 

W02: A water meter with a pulsed output is be installed on the rnains supply of the 0,83 
building. 
W03: A leak dateetion system is specified or installed. 0,83 
W04: Where proximity dateetion shut off is provided to water supply for all urinals and 0,83 
WC's. 

Materia Is 10 Possible 
Points 

MW01: Where evidence provided demonstratas that the major building elements 3,32 
specified have an 'A rating', as defined intheGreen Guide to Specification. In a forma! 
BREEAM assessment the number of credits will be calculated using the BREEAM 
materials calculator, but as a guide the following can be used as a rough estimate of the 
likely number of credits achieved. The following elements are considered; .. Where at least 80% of upper floor slab specifications achieve an 'A' overall 

rating. .. Where at least 80% of external wall specifications achieve an 'A' overall rating . 
4 Where at least 80% of roof specifications achieve an 'A' overall rating. 
4 Where at least 80% of windows specifications achieve an 'A' overall rating. 

MW03: Carpets or floor finishes are installed in a limited show area only. 0,83 
MW05: At least 50% of the new building's total façade camprises re-used façade and at 0,83 
least 80% by mass of the re-used façade camprises in-situ reused materiaL 
MW06: Volume of the re-used structure oomprises at least 50% of the final structure's 0,83 
volume. 
MW07: Where significant use of crushed aggregate, crushed masonry or alternative 0,83 
aggregates (manufactured from recycled materials) are specified for 'high grade'. 
MW08: Where materials used in structural and non-structural elements are responsibly 2,50 
sourced. For timber products this requires third party certification to show that the timber 
has come trom a sustainably managed souree and for non-timber products that the 
materials have EMS certification at either the process stage or the process and 
extraction phases. 
MW12: Where the presence of a central dedicated staragespace for recyclable 0,83 
materials either within the building or on site skips are provided with good access tor 
collections. 

Land use & ecology 15 Possible 
Points 

LE01 : The site has been previously built upon or used for industrial purposes within the 1,50 
last 50 years. 
LE02: The land used for the new development has been defined as contaminated and 1,50 
where adequate remedial steps have been taken to decontaminate the site prior to 
construction. 
LE03: Construction zone is defined as land of low ecological value and existing features 1,50 
of ecological value will be protected from damage during site preparatien and 
construction works. 
LE04: No credits can be awarded where the new development will displace a significant 3,00 
majority of the existing site's ecological habitat types and areas. ... Where a majority of the existing site's ecological habitat types and areas are not 

dispiseed as a result of the new development. ... Where either the development dispisces none of the existing site's ecological 
habitat types and areas. 

LE05: The design team (or client) has appointed a professionalto advise andreport on 4,50 
enhancing and protecting the ecological value of the site and implemented the 
professienal's recommendations for general en ha neement and proteetion for site 
ecology. 
LE06: The elient has committed to achieving the mandstory requirements. 3,00 

Pollutions 15 Possible 
Points 
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P01: Using refrigerants with a global warming potential (GWP) of less that 5 or where 1,00 
there are no remgerants specified for use in building services. 
P02: Refrigerant leaks can be detected or where there are no refrigerants specified for 2,00 
use in the building or development. 
Where there are refrigerants, evidence should be provided to demonstrata that the 
provision of automatic refrigerant pump down is made to a heat exchanger with isolation 
valves. 
P04: Specificatien of insulating matenals avoids the use of substances with a global 1,00 
warming potential (GWP) of 5 or more in either manufacture or composition. 
P06: Maximum dry NOx emissions from delivered space heating energy are: 3,00 
a) s100 mg/kWh (at 0% excess 02); b) s70 mg/kWh (at 0% excess 02) or c) S40 
mg/kWh {at 0% excess 02). 
P07: Assessed development is located in a zone defined as having a low annual 2,00 
probability of flooding. OR. 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. 
P07: Sustainable Urban Drainage techniques are specified to minimise the risk of 1,00 
localised flooding, resulting from a loss of flood starage on site through development. 
POB: On site treatment such as oil separators/interceptors or flitration have been 1,00 
specified for areas at risk from pollution, i.e. vehîcle manoeuvring areas, car parks, 
waste disposal facilities, delivery facilities or plant areas. 
P11: A feasibility study considering renewable and low emission energy has been 3,00 
carried out and the results implemented. AND I OR. The first credit has been achieved 
and 10% of total energy demand for the building/development is supplied from local 
renewable or low emission energy, sources. OR. The first credit has been achieved and 
15% of total energy demand for the building/development is supplied from local 
renewable, or low emission energy, sources. 
P12: Externallighting design is in compliance with the guidance in the lnstitution of 1,00 
Lighting Engineers (ILE). 

Project Totals 100 Posslble 
Points 

Appendix 5.1. Credits from "LEED" which are used for the comparison 
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Sustainable Sites 
1 Site Selection 1 

Development Density & Community 
2 Connectivity 1 

13 Brownfield Redevelopment 1 
Alternative Transportation, Public 

4.1 Transportation Access 1 

Alternative Transportation, Bicycle Starage & 
4.2 Changing Rooms 1 

Alternative Transportation, Low Emitting & Fuel 
4.3 Efficient Vehicles 1 

Alternative Transportation, Parking Capacity 1 
5.1 Site Development, Proteet or Restare Habitat 1 
5.2 Site Development, Maximize Open Space 1 
7.1 Heat lsland Effect, Non-Roof I 
7.2 Heat lsland Effect, Roof 1 
8 Light Poltution Reduction 1 
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Water 
1.1 Water Efficient Landscaping, Reduce by 50% 1 

Water Efficient Landscaping, No Potable Use or 
1.2 No lrrigation 1 
2 lnnovative Wastewater Technologies 1 
3.1 Water Use Reduction 20% Reduction 1 
3.2 Water Use Reduction, 30% Reduction 1 
Energy & Atmosphere 
1 Optimize Energy Performance 10 
2 On-Site Renewable Energy 3 
6 Green Power 1 
Materials & Resources 

Building Re-use, Maintain 75% of Existing 
1.1 Walls, Floors & Roof 1 

Building Re-use, Maintain 95% of Existing 
1.2 Walls, Floors & Roof 1 

Building Re-use, Maintain 50% of lnterior Non-
1.3 Structural Elements 1 

Construction Waste Management, Divert 50% 
2.1 trom Disposal 1 

Construction Waste Management, Divert 75% 
2.2 from Disposal 1 
3.1 Materials Re-use, 5% 1 
3.2 Materials Re-use 1 0% 1 

Recycled Content, 10% (post-consumer + 1/2 
4.1 pre-consumer) 1 

Recycled Content, 20% (post-consumer + 112 
4.2 pre-consumer) 1 

Regionat Materia Is, 1 0% Extracted, Processed 
5.1 & Manufactured Regionally 1 

Regional Materials, 20% Extracted, Processed 
~ & Manufactured Regionally 1 

Rapidly Renewable Materials 1 
Certified Wood 1 

Indoor Environmental Qualitv 
6.1 Controllabilitv of Systems, Lighting 1 
8.1 Daylight & Views, Daylight 75% of Spaces 1 
8.2 Daylight & Views Davlight 90% of Spaces 1 

TotalLEED 4,0 14,0 6,0 5,0 4,0 5,0 9,0 

Appendix 5.2. Credits from "BREEAM" which are used for the comparison 
Energy Energy reduction 

Subjects reduction {Heating and Land use & 
"BREEAM" (Lighting) Cooling Transport Water Materials Recycling ecology 
E01 11,35 
E04 0,76 
HW03 1,154 
HW04 1,154 
HW05 1,154 

HW06 1,154 
HW15 1,154 
HW16 1,154 
T01 0,76 
T02 7,57 
W01 2,50 
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W03 0,83 
W04 0,83 
MW01 3,32 
MW03 0,83 
MW05 0,83 
MW06 0,83 
MW07 0,83 
MW08 2,50 
MW12 0,83 
LE01 1,50 
LE02 1,50 
LE03 1,50 
LE04 3,00 
LE05 4,50 
LE06 3,00 
P01 1,00 
P04 1,00 
P07 1,00 
P11 3,00 
P12 1,00 
Total BREEAM 6,4 17,5 8,3 6,3 6,7 3,3 15,0 

Appendix 5.3. Results of sustainable building assessment tools for all the buildings 
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Sustainable sites 
1 Site Selection 1 1 1 1 1 1 1 1 1 

Development Density & Community 
2 Connectivity 1 1 1 1 1 1 1 1 1 
3 Brownfield Redevelopment 1 1 1 1 1 1 1 1 1 

Alternative Transportation, Public 
4.1 Transportation Access 1 1 1 1 1 1 1 1 1 

Alternative Transportation, Bicycle 
4.2 Storage & Changing Rooms 1 1 1 1 1 1 1 1 1 

Alternative Transportation, Low Emitting 
4.3 & Fuel Efficient Vehicles 1 1 1 1 1 1 1 1 1 

Alternative Transportation, Parking 
4.4 Capacity 1 1 1 1 1 1 1 1 

Site Development, Proteet or Restere 
5.1 Habitat 1 1 1 1 1 1 1 1 1 

Site Development, Maximize Open 
5.2 Space 1 1 1 1 1 1 1 1 1 
7.1 Heat lsland Effect, Non-Roof 1 1 1 1 1 1 1 1 1 
7.2 Heat lsland Effect, Roof 1 

8 Light Pollution Reduction 1 1 1 1 1 1 1 1 1 
Water efficiency 

Water Efficient Landscaping, Reduce by 
1.1 50% 1 1 1 1 1 1 1 1 1 
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Water Efficient Landscaping, No Potable 
1.2 Use or No lrrigation 1 1 1 1 1 1 1 1 1 

2 lnnovative Wastewater Technologies 1 1 1 1 1 1 1 1 1 
3.1 Water Use Reduction, 20% Reduction 1 1 1 1 1 1 1 1 1 

3.2 Water Use Reduction, 30% Reduction 1 1 1 1 1 1 1 1 1 
Energy & Atmosphere 

1 Optimize Energy Performance 10 9 10 10 9 9 9 9 10 

2 On-Site Renewable Energy 3 2 3 3 2 3 

6 Green Power 1 
Materials & Resources 

Building Re-use, Maintain 75% of 
1.1 Existing Walls, Floors & Roof 1 1 1 1 1 1 1 1 1 

Building Re-use, Maintain 95% of 
1.2 Existing Walls, Floors & Roof 1 1 1 1 1 1 1 1 1 

Building Re-use, Maintain 50% of 
1.3 Intertor Non-Structural Elements 1 

Construction Waste Management, 
2.1 Divert 50% from Disposal 1 1 1 1 1 1 1 1 1 

Construction Waste Management, 
2.2 Divert 75% from Disposal 1 1 1 1 1 1 1 1 1 
3.1 Materials Re-use 5% 1 1 1 1 1 1 1 1 1 
3.2 Materials Re-use, 10% 1 1 1 1 1 1 1 1 1 

Recycled Content, 1 0% (post-consumer 
4.1 + 1/2 pre-consumer) 1 1 1 1 1 1 1 

Recycled Content, 20% (post-consumer 
4.2 + 1/2 pre-consumer) 1 1 1 

Regional Materials, 10% Extracted, 
5.1 Processed & Manufactured Regionally 1 1 1 1 1 1 1 1 1 

Regional Materials, 20% Extracted, 
5.2 Processed & Manufactured Regionally 1 1 1 1 1 1 1 1 1 

6 Rapidly Renewable Materials 1 1 1 

7 Certified Wood 1 1 1 1 1 1 1 1 1 
Indoor Environmental Quality 
6.1 Controllability of Systems, Lighting 1 1 1 1 1 1 1 1 1 

Daylight & Views, Daylight 75% of 
8.1 Spaces 1 1 1 1 1 1 1 1 1 

Daylight & Views, Daylight 90% of 
8.2 Spaces 1 1 1 1 1 1 1 1 1 

Total 47 37 40 42 38 41 40 42 42 
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~Q) 
;g -u llj .C:a. E Q) 

~ 
·c Q) ::::l Q)-=a ·x C)(U '-"0 Q)"O lD"8 ..0 -Q) .8 Q)<U 8.c: Q)o .c:o 

~a: 
"Eo 

Subjects o.S ~~ ~~ IÎÏ~ ~18 
(U 

:I:~ 0::::-c-
Health & wellbelng 

Occupant controlled glare control 
system (e.g. internalor external 

HW03 blinds) 1,15 115 1,15 1,15 1,15 115 1,15 115 1,15 
High frequency ballasts are installed 
on all fluorescent and compact 

HW04 fluorescent lamps. 1,15 
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All internal and externallighting is 
aceordenee with the appropriate 
maintained illuminance levels (in 

HW05 lux}. 1,15 1,15 1,15 1,15 1,15 1,15 1,15 1,15 1,15 
Lighting is zoned to allow separate 

HW06 controL 1,15 1,15 1,15 1,15 1,15 1,15 1,15 1,15 1,15 
Local tempersture control in each 

1~ HW15 area. 1,15 

1,15I15 

I 1,15 

Minimise the risk of waterborne and 
HW16 airbornelegionella contamination. 1,15 1,15 1,15 1,15 1,15 1,15 1,15 
Energy 

Building percentage improvement 
above the requirement for C02 11,3 11,3 11,3 11,3 11,3 11,3 11,3 11,3 11,3 

E01 emissions. 5 5 5 5 5 5 5 5 5 
Energy efficient externalluminaires 
are specified and alllight fittings 
controlled for the presence of 

E04 daylight. 0,76 0,76 076 0,76 076 0,76 0,76 0,76 0,76 
Transport 

Good access is available to and 
from public transport networks for 

T01 cernmuting and/or business travel. 1,52 1,52 1 52 1,52 1,52 1,52 1,52 1,52 1,52 
Total Net C02 emissions arising 
from transport to and from the 
building will be predicted based on 

T02 location. 7,57 3,03 3,03 4,55 4,55 4,55 3,03 3,03 6,06 
Water 

Credits are awarded based on the 
improvement over standard 

W01 specificatien of water fittings. 2,50 1,67 1,67 1,67 1,67 1,67 1,67 1,67 1,67 
W03 A leak detection svstem is installed. 0,83 0 83 

Detection shut off the water supply 
W04 for all urinals and WC's. 0,83 0,83 0,83 0,83 0,83 0,83 0,83 0,83 0,83 

Materia Is 
Major building elements specified 

J3,32 3,32~ have an 'A rating', as defined in the 
MW01 Green Guide to Specification. 3,32 3,32 3,32 3,32 

Carpets or floor finishes are installed 
MW03 in a limited show area only 0 83 0,83 0 83 0,83 0,83 0,83 0,83 0,83 0,83 

At least 50% of the new building's 
total façade cernprises re-used 
façade and at least 80% by mass of 
the reused façade comprises in-situ 

MW05 reused material 0,83 0,83 0,83 
Volume of the reused structure 
cernprises at least 50% of the final 

MW06 structure's volume. 0,83 10,83 0,83 
Use of crushed aggregate, crushed 
masonry or alternative aggregates 
(manufactured from recycled 
materials) are specified for 'high 

MW07 grade'. 0,83 0,83 0,83 0,83 0,83 0,83 0,83 0,83 0,83 
Where materials are used in 
structural and non-structural 

MW08 elements are responsibly sourced. 2,50 2,50 250 2,50 2,50 2,50 2 50 2,50 2,50 
A central dedicated storage space 

o,83 o,83 kili83 
for recyclable matenals is present 

MW12 within or outside the building. 0,83 0,83 0,83 0,83 0,83 
Land use & ecology 
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The site has been previously built 
upon or used for industrial purposes 

LE01 within the last 50 years. 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 
The land used for the new 
development has been defined as 
contaminated and where adequate 
remedial steps have been taken to 
decontaminate the site prior to 

LE02 construction. 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 
Construction zone is defined as land 
of low ecological value and existing 
features of ecological value will be 
protected from damage during site 

LE03 preparatien and construction works. 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 
Where a majority of the existing 
site's ecological habitat types and 
areas are not displaced as a result 
of the new development. 
Where either the development 
displaces none of the existing site's 

LE04 ecological habitat types and areas. 3,00 3,00 3,00 3,00 3,00 3,00 3,00 3,00 3,00 
The design team (or client) has 
appointed a professional to advise 
and report on enhancing and 
protecting the ecological value of the 
site and implemented the 
professienal's recommendations for 
general enhancement and 

LE05 proteetion for site ecology. 4,50 3,00 3,00 3,00 3,00 3,00 3,00 3,00 3,00 
The elient has committed to 
achieving the mandstory 

LE06 requirements. 3,00 3,00 3,00 3,00 3,00 3,00 3,00 3,00 3,00 
Pollutions 

Using refrigerants with a global 
warming potential (GWP) of less that 
5 or where there are no refrigerants 

P01 specified for use in building services. 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 
Specificatien of insulating materials 
avoids the use of substances with a 
global warming potential (GWP) of 5 
or more in either manufacture or 

P04 composition 1,00 
Sustainable Urban Drainage 
techniques are specified to minimise 

PO? the risk of localised flooding. 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 
A feasibility study considering 
renewable and low emission energy 
has been carried out and the results 

P11 implemented. 3,00 1,00 2,00 3,00 1,00 3,00 2,00 3,00 
Externallighting design is in 
compliance with the guidance in the 

P12 lnstitution of Lighting Engineers {ILE) 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 

Total 63,5 48,8 51,0 53,5 50,3 52,3 49,5 51,5 55,0 
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Appendix 6. Calculations for assessment tools to percentages 
The subjects of all sustainable building assessment tools need to be calculated in percentages, so 
that they can be compared with one another. Formulas forthese calculations are given in this 
chapter. 

1. Calculations for "LEED" and "BREAAM" to percentages 
Todetermine the percentages per group of each building the following formula can be used: 

= n subject ,credits X 1 oool' 
X per 10 

n tata/ ,credits 

(A.6.1) 

X per 
nsubject,credits 
Ntotaal.credits 

= Share of subject on total results that is expressed in percentages (in % ). 
= Number of credits per subjectfora building (in -). 
= Number of total creditsfora building (in -). 

2. Calculations of the group "Energy" for "Greencalc+" and "Ecological Footprint" 
Todetermine the percentages of the group for each building the following formula can be used: 

x = (3 -EPC) x 100% 
en,per ((3 - EPC ) I 0 95) 

Xeniper 
EPC ,best 
3 

,best ' 

=Percentages of the group "Energy" fora building (in%). 
= Energy performance coefficient of the best building (-). 
= The value of 3,0 is a result of: 

(A.6.2) 

The Dutch buildings laws for minimal value of energy performance coefficient 
(EPC) in offices. The value is 1 ,5, which results in a value for Xeniper of 55%. 

0,95 
EPC 

= 95% is chosen as percentage for best building. 
= Energy performance coefficient of a building (-). 

Building EPe-value Building 
Hoogheemraadschap 1,00 Energy forum 
Thermo staete 0,60 XX buildinq 
WNF 0,40 eradie toeradie office 
Spherion 0,77 Ra bobank 

EPe-value 
0,79 
1,00 
0,80 
0,70 

3. Calculations of the group "Water" for "Greencalc+" and "Ecological Footprint" 
Todetermine the percentages of the group for each building the following formula can be used: 

1 
xwat,per = x 1 00°/o 

( n best I n building ) 

(A.6.3) 

=Percentages of the group "Water'' fora building (in%). Xwat,per 
n.best =Water use at the best building (1/pers.*day). A value of 281tr./per person a day is 

chosen in this report. 
nbuilding =Water use of a building (1/pers.*day). 

Building construction Ltr./per person a day Building construction Ltr./per person a day 
Hoogheemraadschap 40 Enerqv forum 40 
Thermo staete 28 XX buildinq 28 
WNF 28 eradie toeradie office 28 
Spherion 40 Rabobank 40 
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4. Calculations of the group "Materials" for "Ecological Footprint" 
Todetermine the percentages of the group for each building the following formula can be used: 

ntood.best * 0,95 x 100o"o 
xmat,per = /( (A.6.4) 

Xwat,per 
nload,best 

= Percentages of the group "Materia Is" fora buildin@ (in%). 
= Load on earth's environment by best building (/m floor surface). A value of 

0,0218 is chosen in this report. 
0,95 
nload 

= 95% is chosen as percentage for best buildin~. 
= Load on earth's environment of a building (/m floor surface). 

Building construction Total {/m2 floer surface) Building_ construction Total (/m2 floer surface) 
Hoogheemraadscha~ 0,0242 Energy forum 0,0323 
Thermo staete 0,0485 XX building 0,0218 
VVWF 0,0353 Cradle toeradie office 0,0218 
Spherion 0,0323 Rabobank 0,0322 

5. Calculations of the group "Materials" for "Greencalc+" 
To determine the percentages of the group for each building the following formula can be used: 

n *095 
lood ,best ' x 1 00°"o xmat ,per = /( 

ntoad 

(A.6.5) 

Xmat,per 
nload,best 

=Percentages of the group "Materials" fora building (in%} 
= Load on earth's environment by best building (Total €/m floor surface). A value of 

2,070 is chosen in this report. 
0,95 = 95% is chosen as percentage for best building. 
nload = Load on earth's environment of a building (Total €/m2 floor surface). 

Building construction Total (€/m2) Building construction Total (€/m2) 
Hoogheemraadschap 2,178 Energy forum 2 833 
Thermo staete 3,904 XX building 2,070 
VVWF 3,333 Cradle toeradie office 2,070 
Spherion 2,819 Ra bobank 2,640 

6. Calculations of the group "Transport" for "Ecological Footprint" 
Todetermine the percentages of the group for each building the following formula can be used: 

n *095 
Ir ,best ' x 1 00°"o x,r,per = /( 

ntr 
(A.6.6) 

Xtr,per = Percentages of the group "Transport" fora building (in %). 
ntr,best =Laad on earth's environment by best building per employee (Total/empl). A value of 

0,195 is chosen in this report. 
0,95 = 95% is chosen as percentage for best building. 
ntr = Laad on earth's environment of a building per employee (Total/empl). 

Travel to & Form Total (/empl) Travel to & Form Total (/empl) 
Hoogheemraadschap 0,213 Energy forum 0,210 
Thermo staete 0,224 XX building 0,228 
VVWF 0,195 Cradle toeradie office 0,220 
Spherion 0,225 Rabobank 0,207 
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7. Calculations of the group "Transport" for "Greencalc+" 
Todetermine the percentages of the group for each building the following formula can be used: 

c empl.best x 0,95 
x = xlOO% 

tr ,per C 
empl 

(A.6.7) 

=Percentages of the group "Transport" fora building (in %). Xtr,per 

Cernpl.best = Laad on earth's environment by best building per employee (Giobal warming effect + 
Human toxicity, in kg/empl). A value of 1,07 is chosen in this report. 
= 95% is chosen as percentage for best building. 0,95 

Cempl = Laad on earth's environment of a building per employee (Giobal warming effect + 
Human toxicity, in kg/empl). 

Travel to & Farm Total (kg/empl) Travel to & Farm Total (kg/empl) 
Hoogheemraadschap 1,760 Energy forum 1,31 
Thermo staete 2,480 XX building 2,180 
VW.JF 1,120 Cradle toeradie office 2,550 
Spherion 2,210 Rabobank 1,370 

Appendix 6.1. Results in subgroups for the assessment tools 11LEED" and 
11BREEAM" 

Assessment tooi "LEED" Subgroups 
"0 
c:: oö cv c::- c:: C>- t:: Ul C> Q) 

oe> >-·Q c:: C> 0 (ij .!: Ul>. >-·- c:: Q. 13 :JO) 
~ü:E C>Ü:;:::; .!: Ul .... ·~ 

'-:JCV- c:: Q) Q) () "O..Q Q):JC> G>"OQ)O - - c:: 0 c:: "0 ·- cv 
~ cv Q) c::a>:::I:o .... ~g wa>...J w .... -U .... :iE a:: .__ 

Maximum results 4.0 14.0 6.0 5.0 4.0 5.0 9.0 
Hoogheemraadschap (Code c) 4.0 9.0 6.0 5.0 3.0 2.0 8.0 
Thermo staete (Code d) 4.0 12.0 5.0 5.0 3.0 3.0 8.0 
VW.JF (Code g) 4.0 13.0 6.0 5.0 3.0 3.0 8.0 
Spherion (Code j) 4.0 10.0 6.0 5.0 3.0 2.0 8.0 
Energy forum (Code k) 4.0 12.0 6.0 5.0 3.0 3.0 8.0 
XX building (Code p) 4.0 9.0 6.0 5.0 3.0 5.0 8.0 
Cradle toeradie office (Code q) 4.0 11 .0 6.0 5.0 3.0 5.0 8.0 
Rabobank (Code r) 4.0 13.0 6.0 5.0 3.0 3.0 8.0 

Assessment tooi Subgroups 
"BREEAM" "0 

c:: oö cv c::- c:: C>- t:: Ul C> Q) 
oe> >-·Q c:: C> 0 (ij .!: Ul>. >-·- c:: Q. 13 :JO) C>- ·- C>Ü:;:::; .!: Ul .... ·~ ._O.E '-:JCV- c:: Q) 

~ () "O..Q Q):JC) -c:: "0 ·- ~"OQ)8 cv 
~ cv Q) c:: 0 .... cv 0 wa>...J w ~ ~(.) .... :iE a:: ...JQ) .__ 

Maximum results 6.376 17.504 8.33 6.314 6.65 3.22 15.0 
Hoogheemraadschap (Code c) 5.222 13.350 3.79 4.654 6.65 1.66 13.5 
Thermo staete (Code d) 5.222 15.504 3.79 4.654 6.65 1.66 13.5 
VW.JF (Code g) 5.222 16.504 5.31 4.654 6.65 1.66 13.5 
Spherion (Code j) 5.222 13.350 5.31 4.654 6.65 1.66 13.5 
Energy forum (Code k) 5.222 15.350 5.31 4.654 6.65 1.66 13.5 
XX building (Code p) 5.222 12.350 3.79 4.654 6.65 3.32 13.5 
Cradle to eradie office (Code q) 5.222 14.350 3.79 4.654 6.65 3.32 13.5 
Rabobank (Code r) 5.222 16.504 6.82 4.654 6.65 1.66 13.5 

]§ 
0 .... 

47.0 
37.0 
40.0 
42.0 
38.0 
41.0 
40.0 
42.0 
42.0 

(ij -0 .... 
63.4 
48.8 
51.0 
53.5 
50.3 
52.3 
49.5 
51.5 
55.0 
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Appendix 6.2. Results in percentages for all sustainable building assessment tools 
Energy LEED BREEAM Greencalc+ Ecolo_g_ical Foetprint 
Hoogheemraadschap (Code c) 72,2 77,8 73,5 72,9 
Thermo staete (Code d) 88,9 86,8 87,3 86,8 
WWF (Code g) 94,4 91 ,0 94,5 95,8 
Spherion (Code k) 77,8 77,8 81 '1 80,3 
Energy forum (Code I) 88,9 86,1 80,4 79,1 
XX building (Code p) 72,2 73,6 72,7 72,7 
Cradle toeradie office (Code_q} 83,3 82,0 80,0 80,0 
Rabobank (Code r) 94,4 91,0 76,7 76,7 

Transport LEED BREEAM Greencalc+ Ecological Foetprint 
Hoogheemraadschap (Code c) 100,0 45,5 60,7 87,0 
Thermo staete (Code d) 83,3 45,5 43,1 82,7 
WWF (Codeg) 100,0 63,7 95,4 95,0 
S_pherion (Code k) 100,0 63,7 48,4 82,4 
Energy forum (Code I) 100,0 63,7 81,4 88,2 
XX building (Code p) 100,0 45,5 49,0 81,3 
Cradle to eradie office (Code q) 100,0 45 5 42,0 84,2 
Rabobank (Code r) 100,0 81,9 78,1 89,5 

Water LEED BREEAM Greencalc+ Ecological Foetprint 
Hoogheemraadschap (Code c) 100,0 73,7 70,0 70,0 
Thermo staete (Code d) 100,0 73,7 100,0 100,0 
WWF (Code g) 100,0 73,7 100,0 100,0 
Spherion (Code k) 100,0 73,7 70,0 70,0 
Energy forum (Code I) 100,0 73,7 70,0 70,0 
XX building (Code p) 100,0 73 7 100,0 100,0 
Cradle to eradie office (Code q) 100,0 73,7 100,0 100,0 
Rabobank (Code r) 100,0 73,7 70,0 70,0 

Materia Is LEED BREEAM Greencalc+ Ecological Foetprint 
Hoogheemraadschap (Code ç) 72,7 87,7 90,3 85,9 
Thermo staete (Code d) 77,8 87,7 50,4 42,9 
WWF (Code g) 77,8 87,7 59,0 59,0 
Spherion (Code k) 72,2 87,7 69,7 64,5 
Energy forum (Code I) 77,8 87,7 69,4 64,5 
XX building (Code p) 88,9 94,4 95,0 95,4 
Cradle toeradie office (Code q) 88,9 94,4 95,0 95,4 
Rabobank (Code r) 77,8 87 7 74,5 64,6 

Results in percentages for all sustainable building assessment tools with weight factors 
Results in percentages tor all sustainable building assessment tools with weight factors is determine 
by a summatien of all tour groups and divide them by tour. 

LEED BREEAM Greencalc+ Ecological Foetprint 
Hoogheemraadschap (Code c) 86,2 71,2 74,2 78,9 
Thermo staete (Code d) 87,5 73,4 70,5 78,1 
WWF (Code g) 93,1 79,0 87,6 87,4 
Spherion (Code k) 87,5 75,7 67,8 74,3 
Energy forum (Code I) 91,7 77,8 75,8 75,5 
XX building (Code p) 90,3 71,8 79,2 88.5 
Cradle to eradie office (Code q) 93,1 73,9 79,3 88,7 
Rabobank (Code r) 93,1 83,6 76,6 76,9 
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Results in percentages for all sustainable building assessment tools without weight factors 
Results in percentages for all the sustainable building assessment tools without weight factors are 
determine by: 

The number of credits for the sustainable building assessment tools " LEED" and "BREEAM" 
(appendix 5.3). These results in percentages are calculated with the formula A.6.1 . 
Real values for the sustainable building assessment tooi "Ecological Footprint" (appendix 3). 
These results in percentages are calculated by the summatien for each group and by "their 
partition" in percentages for that group. The partition is an average score for all eight 
researched building. 

• Real values for the sustainable building assessment tooi "Greencalc+" (appendix 4). These 
results in percentages are calculated by the summatien for each group and by "their 
partition" in percentages for that group. The partition is an average score for all eight 
researched building. 

LEED BREEAM Greencalc+ Ecological Foetprint 
Hoogheemraadschap (Code c) 76,7 77,0 72,3 81,3 
Therrno staete (Code d) 85,1 80,4 59,7 55,7 
WWF (Code g) 89,4 84,4 84,6 70,5 
Spherion (Code k) 80,9 79,4 64,0 72,3 
Energy forum (Code I) 87,2 82,6 79,4 71,7 
XX building (Code p) 85,1 78,1 69,6 86,3 
Cradle to eradie office (Code q) 89,4 81,2 70,7 87,7 
Rabobank_{Code r) 89,4 86,8 80,2 73,3 

Parfition in percentages for each group of a sustainable building assessment tooi 

Greencalc+ Ecological LEED BREEAM 
(average) Foetprint (average) (credits) (credits) 

Energy 44,9% 26,2% 18 (38,3%) 23,9 (37,6%) 
Water 0,9% 0,2% 5 (10,6%) 6,3 (9,9%) 
Transport 35,2% 16,4% 6 (12,8%) 8,3l13 1%) 
Materia Is 18,9% 57,2% 18 (38,3%) 25,0 (39,4%) 

Average in percentages for each group for the assessment tools "Greencalc+" and "Ecological 
Footprint" are calculated trom eight buildings which are given in the table below. 

Energy Transport Water Materials 
Hoogheemraadschap (Greencalc+) 59,0 27,6 0,9 12,6 
Thermo staete JGreencalc+) 31 ,5 41,1 0,8 26,6 
WWF (Greencalc+) 50,0 19,2 0,8 30,0 
Spherion (Greencalc+) 39,8 49,1 1,4 9,7 
Energy forum (Greencalc+) 46,1 38,5 1,0 14,3 
XX building (Greencalc+) 41 ,5 35,0 0,8 22,6 
Cradle toeradie office (Greencalc+) 441 33,0 0,8 21,8 
Rabobank (Greencalc+) 47,6 38,0 0,8 13,6 
Hoogheemraadschap (E.F.) 35,8 13,4 0,2 50,6 
Therrno staete (E.F.) 14,8 15,7 0,1 69,4 
WWF (E.F.) 21,3 9,9 0,2 68,6 
Spherion (E.F.) 26,1 20,4 0,2 53,2 
Energy forum (E.F.) 27,3 13,7 0,2 58,8 
XX building (E.F.) 31,1 21,8 0,2 46,9 
Cradle toeradie office (E.F.) 27,5 21,3 0,2 51 ,1 
Rabobank (E.F.) 25,8 15,1 0,2 58,9 
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Appendix 7. Evaluation of all assessment tools for five best buildings 

Total Hoogheemraad- Thermo staete WWF Spherion Energy forum 
schap (Code c) (Code d) (Code g) (Codej) (Code k) 

65 model 5 4 2 3 1 
Ecological Foetprint 2 3 1 3 3 
Greencalc+ 3 4 1 4 2 
BREEAM 5 3 1 4 2 
LEED 5 3 1 4 2 

Ecological Foetprint I 

Ec. 
Q)IU- :0 êi §:::::; :i2' Q) .c 0 0 >-.cOQ) E Q) Q) 

~~ 
·~ Q) e>EG> 0)(1)"0 ... -"0 .c"O ê»::s"O 0 "0 0 Q)G>o 

orou .c~u a.O c: ... 0 
::I:~- f-(1).._.. Cl)~ w.E~ 

Building and construction (/m2 floer surface) 0,0242 0,0485 0,0311 0,0323 0,0323 
Utilities (lm2 floer surface) 0,0293 0,0200 0,0192 0,0246 0,0259 
Total global hectares (/m2 floor surface) 0,0536 0,0685 0,0504 0,0568 0,0582 
Bestscores 2 5 1 3 4 

Transport (/empl.) 0,242 0,250 0,208 0,274 0,268 
Best scores 2 3 1 5 4 

Total best scores (summation of both 
scores) 2 3 1 3 3 

Greencalc+ Q) E 
I "0 

Q) 
2 Ec. 0 "0 

0 .!2-G>IU- 0~ ~ 
c:_ Q) .c 0 0 ....... >-~ ..c::OQ) E Q) 

~êi 
·.::: Q) C)Q) 0)(1)"0 ... - ~"8 ... "0 8 -g 0 Q) Q) Q) 0 

::I:~~ ..c::,l!!- a. u c:u 
1-(1)"0 (/) ........ w ........ 

Excepted life of building 40 20 25 30 30 
Best scores 1 4 2 3 3 
EPC 

1,0 0,6 0,4 0,79 0,77 
Best scores 5 2 1 4 3 
Subtotal best scores 2 2 1 3 2 

Transport (pollutions in kg/empl.) 1,76 2,48 1,12 2,20 1,32 
Best scores 3 5 1 4 2 

Total best scores (summation of both 
scores] 3 4 1 4 2 

BREEAM and LEED Hoogheemraad- Thermo staete WWF Spherion Energy forum 
schap (Code c) (Code d) (Code g) (Code j) (Code k) 

BREEAM 48,8 51,0 53,5 50,3 52,3 
Best scores BREEAM 5 3 1 4 2 

LEED 34 40 42 37 41 
Best scores LEED 5 3 1 4 2 
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Appendix 8. Kesselring method 
Tot. = Maximum total score (-). This is the multiplied value of maximum score for subject and 

weight factor for each subject. 
Max. = Maximum score for subject(-). 
W = Weight factor for each subject. 
M = Mark of a subject. For information about this mark see table A.8.3 "Options at 

group/subjects for the Kesselring". 
T = Total scorefora subject. This is the multiplied value of a mark and weight factor for 

each subject. 
P =Score of a building (in%). Maximum score is 100%. 

T bi AS f h b a e .. 1. Resu tso eac uilding f h ort e group' 'R ealisat1on" 

Hoog heem-
raadschap Thermo staete WWF Spherion 

Tot. Max W M T p M T p M T p M T p 
Realisation 
Sustainable sites 
Location 25 5 5 4 20 3 15 5 25 5 25 
Transj)ortation 25 5 5 4 20 3 15 5 25 3 15 
Site Development 15 3 5 3 15 3 15 3 15 3 15 
Materials & Resource 
Regional materials used 16 4 4 4 16 4 16 4 16 4 16 
Rapidly renewable and 
recycled materials are used 25 5 5 2 10 3 15 3 15 2 10 
Materials and Glass used with 
low energy loss 25 5 5 2 10 5 25 3 15 2 10 
Passive cooling used 20 4 5 4 20 2 10 4 20 3 15 
Total 151 111 71 111 71 131 84 106 68 

eradie to 
Energy forum XX building eradie office Ra bobank 

Tot. Max W M T p M T p M T p M T p 
Realisation 
Sustainable sites 
Location 25 5 5 5 25 4 20 4 20 6 30 
Transportation 25 5 5 4 20 4 20 3 15 4 20 
Site Development 15 3 5 3 15 3 15 3 15 3 15 
Materials & Resource 
Regional matenals used 16 4 4 4 16 4 16 4 16 4 16 
Rapidly renewable and 
recycled matenals are used 25 5 5 3 15 5 25 5 25 2 10 
Materials and Glass used with 
low energy loss 25 5 5 2 10 2 10 2 10 3 15 
Passive cooling used 20 4 5 3 15 3 15 3 15 3 15 
Total 151 116 74 121 78 116 74 121 78 
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T bi A 8 2 R lt f h b ld" f th a e ... esu s o eac UI mg or e group "F t" . " unc 1onmg· 

Hoog heem-
raadschap Thermo staete WWF Spherion 

Max. w M T p M T p M T p M T p 
Functioning 
Energy & Atmosphere 
Optimized energy 
performance 30 5 6 3 18 4 24 5 30 4 24 
Use of on-site renewable 
energy 25 5 5 1 5 3 15 5 25 1 5 
Reduction of C02 emissions 25 4 5 5 25 5 25 5 25 4 20 
Water 
Reduction of water u se 12 3 4 3 12 3 12 3 12 2 8 
Water efficient landscaping 12 3 4 3 12 3 12 3 12 3 12 
Indoor air quality 
Optimized use of daylight 
entrance 20 4 5 3 15 1 5 2 10 4 20 
Use of natura! ventilation , 
where possible 12 3 4 2 8 2 8 2 8 3 12 
Use of heat exchange by 
mechanica! ventilation 16 4 4 3 12 4 16 3 12 3 12 
Total 147 107 73 117 80 134 91 113 77 

eradie to 
Energy forum XX building eradie office Rabobank 

Max. w M T p M T p M T p M T p 
Functioning 
Energy & Atmosphere 
Optimized energy 
performance 30 5 6 4 24 3 18 4 24 4 24 
Use of on-site renewable 
energy 25 5 5 4 20 1 5 3 15 4 20 
Reduction of C02 emissions 25 4 5 5 25 5 25 5 25 5 25 
Water 
Reduction of water use 12 3 4 3 12 3 12 3 12 3 12 
Water efficient landscaping 12 3 4 3 12 3 12 3 12 3 12 
Indoor air quality 
Optimized use of daylight 
entrance 20 4 5 4 20 3 15 2 10 4 20 
Use of natura! ventilation, 
where possible 12 3 4 3 12 2 8 2 8 2 8 
Use of heat exchange by 
mechanica! ventilation 16 4 4 3 12 3 12 3 12 3 12 
Total 147 137 93 107 73 118 80 133 90 
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Table A.8.3. Options of group/subjects for the Kesselring method 
Mark (M) 

1 2 3 4 5 
Sustainable sites 
Location Edge of town location with Small town location with City/town centre location with Central urban conurbation Close to major transport 

typical public transport typical public transport typical public transport location with typical public node location with typical 
connections connections connections transport connections public transport connections 

Transportation Difficult to reach by public Easy to reach by car or bus. Reachable by train or metro Easy to reach by public Easy to reach by public 
transportation. and easy to reach by car or transportation, car or bus. transportation and reducing 

bus. private car use. 

Site Development Maximize Open Space Proteet or Restore Habitat Proteet or Restore Habitat 
and maximize Open Space 

Materials & Resource 
Regionar materials No regionar materials is Little regionar materials is 1 0% Regionar materials is 20% Regionar materialsis 
used used (Extracted, Processed used (Extracted, Processed used (Extracted, Processed used (Extracted, Processed 

& Manufactured Regionally) & Manufactured Regionally) & Manufactured Regionally) & Manufactured Regionally) 

Rapidly renewable No recycled Content is 1 0% (post-consumer + 1/2 20% (post-consumer + 1/2 Also rapidly renewable Also rapidly renewable 
and recycled used pre-consumer) recycled pre-consumer) recycled materials or certified wood is materials and certified wood 
materials are used Content is used Content is used used is used 

Materials and Re-va lues of roof, floors Rc-values of roof, floors Rc-values of roof, floors and Rc-values of roof, floors and Rc-values of roof, floors 
Glass used with and outdoor walls < 2,5 and outdoor walls 2,5 to outdoor walls 3,0 to outdoor walls 3,5 to and outdoor walls 
low energy loss m2*kf\N. U-value higher 3,0m2*kf\N. U-value higher 3,5m2*kfiN. U-value higher 4,0m2*kf\N. U-value higher >4,0m2*kf\N. U-value 

than 1 ,8W/m2*K. between 1,2-1 ,8W/m2*K. between 0,9-1 ,2W/m2*K. between 0,9-1 ,2W/m2*K. higher between 0,9-
1,2W/m2*K. 

Passive cooling Sun shades above 0,4 Sun shades between 0,3- Sun shades between 0,2-0,3 Sun shades low 0,2 
used 0,4 

Energy & Atmosphere 
Optimized energy Thermal strategy (EPC) is Thermal strategy (EPC) is Thermal strategy (EPC) is Thermal strategy (EPC) is Thermal strategy (EPC) is 
performance between 1,2-1,5 between 1,0-1,2 between 0,8-1 ,0 between 0,6-0,8 between 0,4-0,6 

Use of on-site No durable energy is used < 5% on-site renewable Between 5% to 12,5% on- Between 12,5% to 20% on- >20% on-site renewable 
renewable energy energy site renewable energy site renewable energy energy 

Reduction of C02 Bottom heat store, heat Heat delivery by third. Bottom heat store and heat Bottom heat store, heat 
emissions pumps and traditional pumps. pumps and PV-panels. 

heating during extreme 
weather conditions. 
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Water 
Reduction of Standard sanitary Water saving sanitary Water saving sanitary and 
water use use of rain water tor not drink 

use and washing use. 
Water efficient Water Efficient No potable use or no Water Efficient Landscaping, 
landscaping Landscaping, Reduce by irrigation. Reduce by 50% and no 

50% potable use or no irrigation. 

Indoor air quality 
Optimized use of Glass surface of the Glass surface of the Glass surface of the building Glass surface of the building 
daylight entrance building is less 40% building is between 40% is between 60% and 80% is between 80% and 1 00% 

and 60% 
Use of natura! No natura! ventilation Changing trom mechanica! Changing trom mechanica! 
ventilation, where system is possible ventilation to natura! to natura! ventilation is part of 
possible ventilation is possible. the air conditioning system. 
Use of heat Heat exchange by twin coil Heat exchange by cross Heat and moisture exchange Heat and moisture exchange 
exchange by in mechanica! ventilation. flow element in mechanica! by heat exchange element by heat exchange element 
mechanica! ventilation. with high efficiency in with high efficiency in 
ventilation mechanica! ventilation mechanica! ventilation 

(>85%) 
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