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Introduction

Introduction		*		Background	of	topics	*		Hypothesis:	Library		*		Design	Options	*	Conclusions	

Building	Information	Modeling Sustainability Better	Buildings
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Goal of Research

Introduction		*		Background	of	topics	*		Hypothesis:	Library		*		Design	Options	*	Conclusions	

To test the hypothesis of a BIM based library for window elements
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Scope of research:

Introduction		*		Background	of	topics	*		Hypothesis:	Library		*		Design	Options	*	Conclusions	

Which design stage?Users:
Architects &
Sus. Designers

Window	Choices Information	Gap
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Boundary	conditions

BIM - Sustainability - facade

Non	Load	Bearing	Window	Element

BIM stage suitable for preliminary design 
stage

Only design stage is discussed in detail

Focus on the Dutch market

Introduction		*		Background	of	topics	*		Hypothesis:	Library		*		Design	Options	*	Conclusions	

Non- loadbearing 
window elements

Dutch Market

Prelim design stage 
(Only design stage)
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Research	Question

Main:

How	to	effectively	define	the	contents	of	a	‘BIM	library	for	curtain	
wall facade window elements’, such that it guides architects towards a 
sustainable facade design during the design stage?

Introduction		*		Background	of	topics	*		Hypothesis:	Library		*		Design	Options	*	Conclusions	
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Methodology

CONCLUSIONS

RESEARCH	QUESTION

FACADE

2

TECHNOLOGY		-		MANAGEMENT		-		LEGISLATIONS

HYPOTHESIS	OF	LIBRARY

DESIGN OPTIONS

FINAL	DESIGN	

PARAMETERS CASE	STUDY

TEST & INTERVIEWS

SUSTAINABILITY

CURRENT	LIBRARIES

1

BIM

GUIDELINES

3

BACKGROUND	OF	TOPICS

PARAMETERS

Introduction		*		Background	of	topics	*		Hypothesis:	Library		*		Design	Options	*	Conclusions	
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Sustainability...
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Breakdown	of	CO2	emissions	and	Building	Industry	

CO 2
 Emissi

ons

Buildings

Operational	energy

Embodied energy

100 %

40 %

10 %

3 pillars of sustainability

Sustainability
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Embodied	Energy	:	LCA

Recuring 
Embodied
 Energy

Initial	
Embodied
 Energy

Cradle	to	grave	(LCA)

SIMA PRO

CO2 footprint, 
H2O Footprint

Nederlands	Instituut	voor	
Bouwbiologie en Ecology 
(NIBE) 

CO2  footprint
Environmental Product 
Declaration	(EPD),
Certification	for	EPD

IVAM	LCA	Data	4.0

CO2 Footprint
ISO 14040

Building for 
Environment 
& Economic 
Sustainability

Athena Sustainabile
Materials	Institute

Damage oriented

LCI

Environmental Impact 
and	Whole	Life	Cycle	
Cost	analysis

Integrated Material 
Profile	and	Costing	Tool

BEES

ATHENAsmi

Eco-Indicator 
99

Ecoinvent3.1

Envest2

IMPACT

Demolition	
Energy

Demolish 
and dispose

Extract raw 
materials

Process Assemble Transport to
 site

Assemble on
 building

 
Refurbishment 
and maintenence

Other databases around the world:
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Recuring 
Embodied
 Energy

Initial	
Embodied
 Energy

Cradle	to	grave	(LCA)

Nederlands	Instituut	voor	
Bouwbiologie en Ecology 
(NIBE) 

CO2  footprint
Environmental Product 
Declaration	(EPD),
Certification	for	EPD

Inventory	of	Carbon	and	
Emission	(ICE)
CO2 Footprint
Uni/ Bath

Demolition	
Energy

Demolish 
and dispose

Extract raw 
materials

Process Assemble Transport to
 site

Assemble on
 building

 
Refurbishment 
and maintenence

Embodied	Energy	:	LCA
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Operational	Energy:		

LEED

BREEAM-NL

EPC
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Operational	Energy:		

LEED
Part of 6,8%

BREEAM-NL
Part of 8,4%

EPC	-	Legislations	=	Technical	standards
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1.	 How	to	measure	sustainability	for	the	built	environment	in	general	and	
for	window	in	specific?

2.	 What	are	the	Dutch	and	international	norms	and	tools	to	calculate	
sustainability?

3. What parameters relate to sustainable facade design?

Sub	Research	Questions:	Sustainability
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Facade...
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Single Glass

>5.4-3,0 W/m2 K

Double Glass

2,8 - 2,2 W/m2 K

65 €/m2

HR Glass

2,0- 1,8 W/m2 K

70 €/m2

HR+ Glass

1,6 - 1,4 W/m2 K

75 €/m2

HR+++ Glass

0,7 - 0,5 W/m2 K

120 €/m2

HR++ Glass

1,2 - 0,9 W/m2 K

80 €/m2

Wood Aluminium Steel PVC

Type of window: Material
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Type of window: Opening

22 
 

6. Durability 

Material  Coating 
zinc  organic coated steel
zinc iron  PVC plastisol coating
zinc aluminium  Polyvinlideneflouride 

coating 

aluminium zinc  polyester coating 
aluminium silicon  polyurethane coating

General  enamel coating 

PVC film coating 
Paints 
steel tiles and slates

 

3.3 TYPES  OF  WINDOW:  BASED  ON  FUNCTIONS,  MATERIALS  

3.3.1 TYPES  OF  WINDOWS  BASED  ON  FUNCTION: 

 

 
 

Awning

Single	Hung

Casement

Double	Hung

Fixed

Tilt an Turn 

Horizontal	slider

Hopper
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Parameters	to	define	facade

Illustration:	Knaack,	U.,	et.	al.	(2007)

Visual	Light	
Transmittance

% transparant 
surfaces

Operable windows

U- Value

Color,	finish
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Sustainability related parameters

Embodied energy Operational	energy
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Embodied energy Operational	energy

Primary	Energy	Total	(Life	Cycle)	=	Operational	energy	per	year	+	LCA	Embodied	energy	
 Per year                  Service life (years)

Sustainability in facade design
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Primary	Energy	Total	(Life	Cycle)	=	Operational	energy	per	year	+	LCA	Embodied	energy	
 Per year                  Service life (years)

Kg.CO2(e)

Units of measurement

1	kWh	=	0.57	kg	COc 

Carbon	conversion	value	as	indicated	in	publication	issued	by	CBS,	ECN,	PBL

Sustainability in facade design
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4. Types of facade systems?

5.	 Parameters	to	define	facade	at	design	stage?

6. Role of sustainability in facade design?

Sub	Research	Questions:	Facade
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BIM	+	Technology...
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BIM-	Introduction

Technology Management 
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PINAL A. DESAIBIM: Smart Solution for Facade Design23 Jan, 2015 4325141

5. Software overview 

Designing

Energy 
analysis

Cost estimate
Constructability 

analysis

Clash detection

Sustainability

Operations &
Real asset 

management

TOOL KITS IN IES

BIM- Tools
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PINAL A. DESAIBIM: Smart Solution for Facade Design23 Jan, 2015 4325141

5. Software overview 

Designing

Energy 
analysis

Cost estimate
Constructability 

analysis

Clash detection

Sustainability

Operations &
Real asset 

management

TOOL KITS IN IES

Heating	Loads

Cooling	Loads

Effect	of	changing	design

BIM- Tools
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PINAL A. DESAIBIM: Smart Solution for Facade Design23 Jan, 2015 4325141

5. Software overview 

Designing

Energy 
analysis

Cost estimate
Constructability 

analysis

Clash detection

Sustainability

Operations &
Real asset 

management

TOOL KITS IN IES

Heating	Loads

Cooling	Loads

Effect	of	changing	design

BIM- Tools
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EPC	:	NEN	7120

Tools in the Netherlands 
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7.	 How	does	BIM	help	in	sustainable	design?	

8. What are the Green-BIM tools available globally and in the 
Netherlands? 

9.	 Where	does	it	still	need	development?

Sub	Research	Questions:	BIM+	Technology
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BIM	+	Management...
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LOD 100

Conceptual

<Estimate	it>

LOD 200

Generic Placeholders

<Specify it>

LOD 300

Specific	Assemblies

<Buy it >

LOD 400

Details

<Install it >

LOD 500

Field 
Verification

<Operate it>

Physical/ 
virtual clash
control

Inelligent 
Clash
control

Generate 
Finance
Schedule
Planning

Manage
and 
Maintain

Level	of	Development:	LOD

-LOD 250:

-	Approximate	energy	simulation,	
-	Cost	based	on	measurements,	
- Simple geomtery, 
- Type of window, 
- Dimensions of window.

Based on TNO Research by van Berlot et. al., 2014
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LOD	100

Acquisition	
planning

LOD 100

Conceptual

<Estimate	it>

LOD 200

Generic 
Placeholders

<Specifi	it>

LOD 300

Specific	
Assemblies

<Buy it >

LOD 400

Details

<Install it >

LOD 500

Field 
Verification

<Operate it>

LOD	200

Pre-design 
Activities

LOD 250

Develop 
Request for 
Proposals

LOD 300-400

Issue Request 
for Proposals 
and receive 
Proposals

LOD	400	

Administer 
Contracts

	LOD	500

Occupy

LOD	500

Maintenance 
and	Operationn

Physical/ 
virtual clash
control

Inelligent 
Clash
control

Generate 
Finance
Schedule
Planning

Manage
and 
Maintain

<schematic	design>

<Concept	of	
program and 
functions>

<Technical details>
<Tender stage>
<Manufacturer 

Specifications>

<Construction,	
installation	details>

<Performance
 details > <Operation	

details>

Library	use:	Project	Delivery	Method
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Acquisition	
planning

Pre-design 
Activities

Develop 
Request for 
Proposals

Tender 

 

Administer 
Contracts

 

Build Occupy  

Role of BIM in Project Delivery

Effort/	Effect

Project	timeline

Cost	Impact	of	
design changes

Traditional	design	
process

BIM design process
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10.	What	BIM	Design	stage	is	appropriate	for	the	Library?

11. What are current project delivery method based design stages in the 
Netherlands?

12.	How	does	BIM	assist	the	project	delivery	method?

Sub	Research	Questions:	BIM+	Management
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Main	Research	Question:

How	to	effectively	define	the	contents	of	a	‘BIM	library	for	curtain	
wall facade window elements’, such that it guides architects towards a 
sustainable facade design during the design stage?
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Current	Libraries

2-D Brochures

Company’s	in-house	library

Fab- Window by Itannex

BIM object

window/ door
Object  in Revit
2014/15/16

www.itannex.com

cerated and
 uploaded 
by Itannex

Inserted object into architect’s model

Manufacturers’ BIM object

BIM object cloud

approval by 
BIMobject 
developers

Updatig and monitoring 
by BIMObject developers

Inserted object into architect’s model
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Current	Libraries

2-D Brochures

Company’s	in-house	library

Fab- Window by Itannex

BIM object

window/ door
Object  in Revit
2014/15/16

www.itannex.com

cerated and
 uploaded 
by Itannex

Inserted object into architect’s model

Manufacturers’ BIM object

BIM object cloud

approval by 
BIMobject 
developers

Updatig and monitoring 
by BIMObject developers

Inserted object into architect’s model
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BIM object

Proposal	for	Library

Fab- Window 
by Itannex

Limited	non-Geometrical	Data

All	posible	variations	of	window	type	in	one	
file:	easy	of	comparision

Too many manufacturers : confusing

Data from manufacturers

Proposal	for	Library
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CO2
comparision

LCA

Operational	Energy

Legislations Reference

LOD	250

Generic 
Library

Min. geometric 
detail

Guidelines	of	the	Library
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The	Library	in	BIM...
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CO2

Case	
Study 1

Case	
Study 2

NEN 
7120

comparision

LCA

Operational	Energy

Legislations

LOD	250

Generic 
Library

Min. geometric 
detail

Guidelines	of	the	Library

Orange	Hall

Window 
selection

Technical 
standards
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Final Product

Embodied energy based 
parameters
Window Frame Select from drop down 
KG	CO2	value	(frame) value
Glass type Select from drop down 
KG	CO2	value	(glass) value
Fill type (between glass) Select from drop down 
KG	CO2	value	(infill	) value
Service	Life value (years)
Recyclability value (%)
Operational energy based 
parameters
VLT	 value
SHGC	 value
U-value glass value
U-value frame value
U- total value
General data:
thickness-profile value
Colour	frame Select from drop down 
Coating	frame Select from drop down 
BIPV Select from drop down 
thickness glass Select from drop down 
Spacers Between Glass Select from drop down 
Profile	placement In model
Acoustic Select from drop down 
price (per unit) value
EPC based Parameters:
u- value Max	=4.2	W/m.sq	K
air	tightness 0,2 cubic decimeters/second
Solar heat gain requirement
daylighting depending	on	interior	function
Ventilation	 requirement
Sushading provision
area of transparent elements depending	on	residential/	non	residential

LCA

Operational	Energy

Legislations
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Final Product : Toolkit 

Building typology Select from dropdown list EPC	value

Green Building 
Standard(GBS)

Select from drop down list Criteria	to	fulfill points(LEED)	%	(BREEAM-
NL)

(LEED/	BREEAM-NL)	 Extra	Criterias points(LEED)	%	(BREEAM-
NL)

Contextual analysis Tool
Weather data Terrain Type Predefined	weather/	

location	data	(drop	down	
menu)

Location	data Wind	exposure	rating
Ground	Reflectance	rating

Space useage Tool
Number of building 
occupants

client brief

Lighting	Types client brief
Equipment types client brief
Occupancy schedules client brief

Building envelope 
Performance (only 
windows)

Parameters

Building Envelope Initial 
embodied energy

Parameters

Primary total Energy : operational	energy	per	year 	+			embodied	energy	value	
÷  service life of material

Resultant value = value	from	simulation 	+			precalculated	value	
from parameters table

Cost estimation data from Parameters table X    nr. Of unis from model

Embodied energy based 
parameters
Window Frame Select from drop down 
KG	CO2	value	(frame) value
Glass type Select from drop down 
KG	CO2	value	(glass) value
Fill type (between glass) Select from drop down 
KG	CO2	value	(infill	) value
Service	Life value (years)
Recyclability value (%)
Operational energy based 
parameters
VLT	 value
SHGC	 value
U-value glass value
U-value frame value
U- total value
General data:
thickness-profile value
Colour	frame Select from drop down 
Coating	frame Select from drop down 
BIPV Select from drop down 
thickness glass Select from drop down 
Spacers Between Glass Select from drop down 
Profile	placement In model
Acoustic Select from drop down 
price (per unit) value
EPC based Parameters:
u- value Max	=4.2	W/m.sq	K
air	tightness 0,2 cubic decimeters/second
Solar heat gain requirement
daylighting depending	on	interior	function
Ventilation	 requirement
Sushading provision
area of transparent elements depending	on	residential/	non	residential
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Final Product

Demonstration	of	Excel	tool
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Design	options:	Type	of	User	Interface
BIM	Platform

Model Entry

Entry into the BIM Design 
Software

BIM-Object
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BIM	Platform

Model Entry

Entry into the BIM Design 
Software

BIM-Object Plug-in

Design	options:	Type	of	User	Interface
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BIM	Platform

Model Entry

Entry into the BIM Design 
Software

Cloud	Based	software

Cloud	based	computation

BIM-Object Plug-in

Design	options:	Type	of	User	Interface
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BIM	Platform

Model Entry

Entry into the BIM Design 
Software

Cloud	Based	software

Cloud	based	computation

BIM-Object Plug-in

Design	options:	Type	of	User	Interface
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15.	What	would	the	new	library	look	like?	On	which	platform	should	it	be	
developed? 

Sub	Research	Questions:	
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Testing	the	Toolkit...
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Testing	the	toolkit	:	Location

N N
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Testing	the	toolkit	:	Volume	and	orientation

1.2x1.2 standard windows
24x24x10m room for 100 people
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Testing	the	toolkit	:	Analysis

Operational	Energy
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25.5%
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Testing	the	toolkit	:	Analysis

Embodied Energy : 
Recyclability
Values	in	kg.CO2 Per m2 material

23,08

Wood Aluminium Steel

24,45

31,8

15,89 19,39

8,56

12.41
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Wood: 
1 Replacements

Steel
0 replacement

Aluminium
1 replacement
+	50	years	of	
additionaluseage	

Start

3.
6	
T	
CO

2
3.
6	
T	
CO

2

12
.3
	T
	C
O

2

3.
8	
T	
CO

2
1.
9	
T	
CO

2

50 years

75 years

100 years

150 years

14.4 
T.CO2

12.3 
T.CO2

7.6 
T.CO2

Initially	
installed frame

Initially	
installed
 frame

Initially	
installed frame

Replaced  
frame	after	50	
years

Replaced  
frame	after	75	
years

Testing	the	toolkit	:	Analysis

Embodied Energy : 
Durability
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The embodied energy of the frame material is quiet small and negligible. However, the embodied 

energy of glass makes a large impact. It should be noted that the embodied energy GHG emission 

also includes the other elements o the building such as the exterior wall, roof and floor. When 

adding all together the values are significantly higher and hence, important to consider.  

Recyclability: 

The energy calculations consider the materials usage only for the first application of the material. 

However, for the second application, recyclability plays a very important factor. By using recyclable 

materials, as seen in the case of meals, about more than half of the embodied energy can be re-used 

in the next cycle.  

This means that although HR+ glass with timber frame shows better total CO2 impact, for its 

replacement, the same amount of co2 will have to be spent which is 3.589 T.CO2 ***. Whereas for 

the production of HR+ glass with aluminium frame of 65% recyclability**, about 3.747 T. CO2 of the 

5.703 T CO2 is already available. Thus for the replacement additional 1.956 T.CO2 will be required, 

which is one third of that required for production of wooden windows frames.  

Durability: 

Another aspect is the durability. A steel frame lasts for 100 years whereas the wooden frame lasts 

for 50 years. By using the embodied GHG frame value from the table, we can get a comparable per 

year value of the material within the project. Thus, for a 100 year time span, a steel frame would 

consume 12.338 TCo2whereas a wooden window would require 14.356 Tco2. The aluminium 

equivalent (without recyclability factor) for 100 years is 7.605 TCO2.  This concludes that wooden 

windows are a bad choice if durability and recyclability are the priority.  

Wood (for 100 years): 14.356 

Steel for 100 years: 12.338 

Aluminium:  7.605 

 

Operational	
energy=	98%

Embodied 
energy	=	2%

Testing	the	toolkit	:	Analysis

Embodied Energy v.s 
operational	energy
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Testing	the	toolkit	:	Conclusion

-	Operational	energy	=	Choosing	the	right	material

- Embodied energy : Role of recyclability and durability

- Embodied energy can be considered as an asset for refurbishment and 
after	building	useage
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Conclusions	of	the	Research...
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Conclusions:	Role	of	library	in	sustainable	facade	design

Aquisition	Planning

Pre-design	activities

Develop request for 
proposals

Issue RFP & recieve 
proposals (Tender Stage)

Administer contracts

Occupy

Post Occupancy 
Evauation	&	

Maintenence and 
operation

Input of 
Performance 
related	information	
in	traditional	CAD	
based process

Current	situation
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Aquisition	Planning

Pre-design	activities

Develop request for 
proposals

Issue RFP & recieve 
proposals (Tender Stage)

Administer contracts

Occupy

Post Occupancy 
Evauation	&	

Maintenence and 
operation

Aquisition	Planning

Pre-design	activities

Develop request for 
proposals

Issue RFP & recieve 
proposals (Tender Stage)

Administer contracts

Occupy

Post Occupancy 
Evauation	&	

Maintenence and 
operation

Due to use of 
Library,	information	
available earlier in 
design stage

Input of 
Performance 
related	information	
in	traditional	CAD	
based process

Current	situation Rol	of	Library

Conclusions:	Role	of	library	in	sustainable	facade	design	process
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Environmental 
impact

Economic 
impact

Social
impact

Conclusions:	Role	of	library	in	sustainable	facade	design
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Environmental 
impact

-Importance of Embodied Energy

-Material	Comparision	=	Better	engineered	
 at early stage  buildings

Economic 
impact

Social
impact
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Environmental 
impact

-Importance of Embodied Energy

-Material	Comparision	=	Better	engineered	
 at early stage  buildings

Economic 
impact

Social
impact

Addition	of	reduced	
embodied energy as 
a valuable assest for 
costing

Reduction	of	cost	
error in later stages
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Environmental 
impact

-Importance of Embodied Energy

-Material	Comparision	=	Better	engineered	
 at early stage  buildings

Economic 
impact

Social
impact

Addition	of	reduced	
embodied energy as 
a valuable assest for 
costing

Reduction	of	cost	
error in later stages

Educating	Client	
on importance of 
Embodied Energy

Possibility of new laws

Better		=		Better	
designs    designers
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Conclusion:	Adoption	of	BIM	library

Restricted because: 

Architects (or Sustainable Designers)

Developing/	Maintaining	authourity	of	the	BIM	Library
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15.	How	it	is	supposed	to	help	in	sustainable	facade	design?	Will	architects	
use	it?	Are	there	any	benefits	for	the	manufacturer?

Sub	Research	Questions:	
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How	to	effectively	define	the	contents	of	a	‘BIM	library	for	curtain	
wall facade window elements’, such that it guides architects towards a 
sustainable facade design during the design stage?

Main	Research	Questions:	
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How	to	effectively	define	the	contents	of	a	‘BIM	library	for	curtain	
wall facade window elements’, such that it guides architects towards a 
sustainable facade design during the design stage?

Main	Research	Questions:	

-	By	defining	the	parameters	relating	to	EPC,	Operational	energy	and	LCA	database,	
as indicated in the toolkit.
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How	to	effectively	define	the	contents	of	a	‘BIM	library	for	curtain	
wall facade window elements’, such that it guides architects towards a 
sustainable facade design during the design stage?

Main	Research	Questions:	

-	By	defining	the	parameters	relating	to	EPC,	Operational	energy	and	LCA	database,	
as indicated in the toolkit.

- By providing possibility to calculate also the recyclablity and durability of the 
curtain wall facade window frame material and comparing it with the building’s 
service life
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Recommendations...
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Recommendations

Total environmental impact
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Recommendations

Total environmental impact

All building elements- for total embodied energy
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Recommendations

Total environmental impact

All building elements- for total embodied energy

Define	Re-use	and	Re-cycle	potential	within	database
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Recommendations

Total environmental impact

All building elements- for total embodied energy

Define	Re-use	and	Re-cycle	potential	within	database

Possibility of feedback to designers using BIM
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Recommendations

Total environmental impact

All building elements- for total embodied energy

Define	Re-use	and	Re-cycle	potential	within	database

Possibility of feedback to designers using BIM

Design	intent	lost	during	operations	stage.	
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Thank you.
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Extra Slides...
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Library	use:	Project	Delivery	Method

Integrated Project 
Delivery (IPD)

BIM	Workflow
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Library	use:	Project	Delivery	Method

Integrated Project 
Delivery (IPD)

BIM	Workflow Integrated Project 
Delivery (IPD)

Preliminary	and	Criteria	design

Detail design

Implementation	Documents

Construct	

Occupy

Post	Occupancy	Evauation
& 

Maintenence	and	operation

Concept	
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Library	use:	Project	Delivery	Method

BIM	WorkflowDesign Bid Build 
(DBB)

Integrated Project 
Delivery (IPD)

Preliminary	and	Criteria	design

Detail design

Implementation	Documents

Construct	

Occupy

Post	Occupancy	Evauation
& 

Maintenence	and	operation

Concept	Aquisition	Planning

Pre-design	activities

Develop request for 
proposals

Issue RFP & recieve 
proposals (Tender Stage)

Administer contracts

Occupy

Post	Occupancy	Evauation
& 

Maintenence	and	operation
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Primary	Energy	Total	(Life	Cycle)	=	(Operational	energy	per	year)	X	Service	Life	+	LCA	Embodied	energy

WINDOW FRAME PER 
M2 

ENVIRONMENTAL 
CLASSIFICATION, 
DURABILITY 

U VALUE 

KW/M2K 

KG CO2 END OF USE: MASS PRICE IN 
EURO 

European hardwood 
(67x114) acrylic painted 

1a, 50 years 2.4 8,95 Dumping ground: 4,7% 

Combustion: 95.2% 

9.1kg  1,20 

European softwood 
(67x114); painted, acrylic 

1b, 35 years 2.4 10,8 
Dumping ground 4,7 % 
Combustion 95,1 % 
Recycling 0,2 % 
 

5.5kg 1,44 

European hardwood 
(67x114); painted, acrylic 

1b, 50 years 2.4 9,23 
Dumping ground 4,7 % 
Combustion 95,2 % 
Recycling 0,1 % 
 

9.1 1,48 

European softwood 
(67x114); painted, acrylic 

1c,35years 2.4 10,8 
Dumping ground 4,7 % 
Combustion 95,1 % 
Recycling 0,2 % 
 

5.5 1,65 

Tropical hardwood 
(67x114); painted, acrylic 

2b, 50 years 2.4 15,7 
Dumping ground 4,7 % 
Combustion 95,2 % 
Recycling 0,1 % 
 

9.1 2,36 

Pine (67x114); acetylated 
modified 

2b, 50years 2,4 17,6 
Dumping ground 4,6 % 
Combustion 95,2 % 
 

6,0 2,42 

97% secondary 
aluminum (68x72), 
anodized 

2c, 75 years 1,299 17,5 
Dumping ground 4,8 % 
Combustion 32,2 % 
Recycling 63,0 % 
 

3,8 2,92 

Steel (80x50); Powder 3a, 100 years 1,3 31,8 
Dumping ground 5,5 % 
Combustion 23,7 % 
Recycling 62,6 % 
Reuse 8,3 % 
 

8,8 3,39 

Steel (80x70); Powder 3a, 100 years 1,3 33,1 
Dumping ground 4,9 % 
Combustion 20,8 % 
Recycling 65,6 % 
Reuse 8,7 % 
 

10,1 3,59 

 47% secondary 
aluminum (68x72), 
anodized 

3a, 75 years 1,299 17,6 
Dumping ground 4,8 % 
Combustion 32,2 % 
Recycling 63,0 % 
 

3.8 3,69 

97% secondary 
aluminum (68x72), 
powder 

3a, 75 years 1,299 15,6 
Dumping ground 5,0 % 
Combustion 29,2 % 
Recycling 65,7 % 
 

3,6 3,70 

47% secondary 
aluminum (68x72), 
powder 

3b, 75 years 1,299 14,7 
Dumping ground 5,0 % 
Combustion 29,2 % 
Recycling 65,7 % 
 

3,6 4,47 

 PVC on steel core 
(80x112), 0% Secondary 

4b, 40 years - 36,5 
Dumping ground 6,9 % 
Combustion 15,5 % 
Recycling 73,4 % 
Reuse 4,3 % 

  

7,2 6,80 

Tropical hardwood 
(67x114); painted, 
acrylic;  

6a, 50 years 2,4 15,7 
Dumping ground 4,7 % 
Combustion 95,2 % 
 

9,1 19,90 

 

(A window frame of 1500x3300 mm, which meets the requirements of the Building Act. The frame has a U-value of up to 2.5 

W / m²K.Finishes, maintenance, glazing / glass beading and rubbers should be included. The amounts are calculated back to 1 

m². Fasteners, glass, mounting frame, locks, soothes closet, sill or weir were not included.) 
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framework will assist in organising domain knowledge, elicit tacit
expertise and facilitate the creation of new knowledge. The utility of
such frameworks is ably articulated by Minsky (1975) who states:
“Here is the essence of the theory: When one encounters a new
situation (or makes a substantial change in one's view of the present
problem) one selects frommemory a structure called a Frame. This is a
remembered framework to be adapted to fit reality by changing
details as necessary. A frame is a data-structure for representing a
stereotyped situation…Attached to each frame are several kinds of
information. Some of this information is about how to use the frame.
Some is about what one can expect to happen next. Some is about
what to do if these expectations are not confirmed. We can think of a
frame as a network of nodes and relations.” [60]

2. BIM Framework: an introduction

This section introduces the BIM Framework, a research and
delivery foundation that maps domain dynamics and allows AECO
stakeholders to understand underlying knowledge structures and
negotiate BIM implementation requirements.

The framework is multi-dimensional and can be represented by a
tri-axial knowledge model (Fig. 3) comprising of:

• BIM Fields of activity identifying domain ‘players’ and their
‘deliverables’. These fields are represented on the x-axis.

• BIM Stages delineating implementation maturity levels (y-axis)
• BIM Lenses providing the depth and breadth of enquiry necessary to
identify, assess and qualify BIM Fields and BIM Stages (z-axis)

2.1. BIM Fields

This section identifies three interlocking BIM Fields of activity
(Fig. 4): Technology, Process and Policy (TPP) with two sub-fields

each: players and deliverables. An introduction to the three BIM
Fields is provided below followed by Field Interactions and Field
Overlaps.

2.1.1. The BIM Technology Field
Technology is “the application of scientific knowledge for practical

purposes” [65]. The Technology Field clusters a group of players who
specialises in developing software, hardware, equipment and net-
working systems necessary to increase efficiency, productivity and
profitability of AECO sectors. These include organisations which
generate software solutions and equipment of direct and indirect
applicability to the design, construction and operation of facilities.

2.1.2. The BIM Process Field
Process is “a specific ordering of work activities across time and

place, with a beginning, an end, and clearly identified inputs and
outputs: a structure for action” [18]. The Process Field clusters a group
of players who procure, design, construct, manufacture, use, manage
and maintain structures. These include facility owners, architects,
engineers, contractors, facility managers and all other AECO industry
players involved in the ownership, delivery and operations of
buildings or structures.

2.1.3. The BIM Policy Field
Policies are “written principles or rules to guide decision-making”

[13]. The Policy Field clusters a group of players focused on preparing
practitioners, delivering research, distributing benefits, allocating
risks and minimising conflicts within the AECO industry. These
players do not generate any construction products but are specialised
organisations — like insurance companies, research centres, educa-
tional institutions and regulatory bodies — which play a pivotal
preparatory, regulatory and contractual roles in the design, construc-
tion and operations process.

Fig. 2. Some common connotations of multiple BIM terms.

Table 1
Widely used terms relating to Building Information Modelling

Sample terms Organisation or Researcher Reference

Asset Lifecycle Information System Fully Integrated & Automated Technology [24]
Building Information Modelling Autodesk, Bentley Systems and others [4,5]
Building Product Models Charles Eastman [21]
BuildingSMART™ International Alliance for Interoperability [38]
Integrated Design Systems International Council for Research and Innovation in Building and Construction (CIB) [42]
Integrated Project Delivery American Institute of Architects [2]
nD Modelling University of Salford — School of the Built Environment [52]
Virtual Building™ Graphisoft [29]
Virtual Design and Construction & 4D Product Models Stanford University— Centre for Integrated Facility Engineering [26,25]

Other terms: Integrated Model, Object Oriented Building Model, Single Building Model etc.

359B. Succar / Automation in Construction 18 (2009) 357–375

BIM	Definition



 
-83-

Dutch BIM Levels Given by BIR. (illustrations as draw on Bouw Informatie Raad or BIR Leaflet)

This knowledge map has been written to assist 
communication about the implementation of BIM. 
The adjacent diagram has been designed to aid 
this process. The Building Information Council’s 
policy is based on this model.

Clarification
This model translates the BIM Maturity Model into 
the Dutch context. The BIM Maturity Model was 
set up by the UK BIM taskforce for the English 
government and is currently being adopted by 
many European nations. The model is a growth 
model for BIM. It is not, therefore, a maturity 
model for organisations. The line on the graph 
represents the degree of computerisation and 
the integration of processes into building project 
lifecycles. We delineate 4 levels (from 0 up to 
and including 3). The BIR would like to accelerate 
the implementation of BIM and is currently 
stimulating all those involved to develop to a 
higher level. Each level has its own operating 
procedure, a different type of data, differing 
software or tools, own ways of working together 
and even, a different culture. The lower levels 
need to be traversed before the next level can 
be reached.

Dutch BIM levels 
The Different Levels can be described as follows.

Level 0 Document oriented
Everyone works with texts, lines, curves and so on. 
These are edited at a document level, for example 
as drawings in CAD software or calculations in 
Excel. They can be described as ‘non-intelligent’ 
information, as no digital objects are utilised.  
When the moment of formal handover takes 
place, it does so in the form of paper-based 
drawings and documents.

BIR Leaflet Number  1
Dutch BIM Levels

Operating Procedure

Data Models, objects Models, objects,
common libraries

2D, 3D File based collaboration
& library management,

4D, 5D, ...

Coordination Collaboration

Integrated,
interoperable data

Integrated
web-services 

Integration

Tools

Level of Cooperation

The degree of
significant digital

information exchange

Based in part on Bew-Richards UK 2008

Building Information
Management

Document oriented

Degree of IT integration in the building process

LEVEL 0
Object oriented

LEVEL 1
Collaboration

LEVEL 2
Integrated, lifecycle

LEVEL 3

Drawings, lines, arcs,
text, etc.

Paper
(CAD, Excel, Word, etc.)

Coordination

Dutch BIM Levels
Chain Integration by means of Open BIM Standards

VISI

SUF

IMGeo

GML 

CityGML
ETIM 

CB-NL
GB-CASNL-sFbNLCS

IFC

Nat.
BIM
protocol

COINS

WMS    WFS

Process
standard

Data format
standard

Semantics
standard

Document oriented
LEVEL 0

Object oriented
LEVEL 1

Collaboration
LEVEL 2

Integrated, lifecycle
LEVEL 3

Dutch BIM Levels

S@les
in de
Bouw 

S@les
in de
Bouw 

The degree of
significant digital

information
exchange

Based in part on
Bew-Richards UK 2008

Building Information
Management

Degree of IT integration in the building process

Chain Integration by means of Open BIM Standards

       This Open BIM Standards Leaflet gives insight  
     into the Open BIM standards already available 
   in the Netherlands. It is on this overview that the 
 Building Information Council’s BIM standards  
policy is based.

Using the standards
The standards are placed within so-called BIM-
levels in order to interpret them. For more 
information about Dutch BIM levels, refer to BIR 
Knowledge Map Number 1. Please note that these 
standards are allocated according to the level at 
which they form a boundary condition and are, 
therefore, necessary in order to function at this 
level. They are sometimes, however, applicable at 
lower levels. In addition to this, the standards are 
categorized according to:
•  Data format i.e. the format of the information 

carrier.
•  Process i.e. process agreements about the 

information process; who provides which 
information when.

•  Semantics i.e. language agreements (terms and 
definitions) to facilitate both the interpretation 
and automatic interpretation of the information.

Some standards can be classified into more than 
one category.
 
What is a standard and when can it be 
described as an open standard?
A standard is a central and formal determination 
of information and process agreements set down 
in a document. The goal of the standard is making 
interoperability possible and thus to enable IT 
systems to exchange data and share information 
and knowledge. An open standard is a standard 
with an open standardisation process. Therefore 
the definition includes issues such as easily 
accessible documentation, no intellectual property 
rights constraints, open participation in addition 
to independence and the sustainability of the 
standardisation organisation.

Why do we need open standards?
It is government policy that standards should 
be open, except in cases where circumstances 
prevent this. This supports good, sustainable 
and cost-effective information exchange. 
This is how the government seeks to stimulate 
communication and co-operation between 
different parties as well as promoting healthy 
competition in the open market due to software 
independence. Furthermore, today’s information 
is kept usable in the long-term. This open standard 
policy, however, does not rule out the use of 
closed standards.

BIR Leaflet Number  2
Open BIM Standards

Data
ISO/IS 16739 (IFC)

Data
ISO/IS 16739 (IFC)

ISO 29481 (IDM)
Processes

ISO
 29481 (IDM

)

Processes

ISO 12006-3 (IFD)
Terms

IS
O

 1
20

06
-3

 (I
FD

)
Te
rm
s

Processen: Management & organisatie: 
 

Informatie-
technologie: 

Mens & cultuur: 

Prestaties: 

buildingSMART’s interoperability triangle

Commonly	used	
Dutch	BIM	LOD	
Levels
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 Level of Detail -> 100 200 300 400 500

Model Content 

Design & Coordination 
(function / form / behavior) 

Non-geometric 
data or line 
work, areas, 
volumes zones, 
etc.

Generic 
elements shown 
in three 
dimensions

- maximum size 
- purpose 

Specific
elements
Confirmed 3D 
Object Geometry 

- dimensions 
- capacities 
- connections 

Shop drawing/ 
fabrication

- purchase 
- manufacture 
- install 
- specified 

As-built 

- actual 

Authorized uses 

4D Scheduling total project 
construction
duration

phasing of major 
elements

Time-scaled, 
ordered 
appearance of 
major activities

Time-scaled, 
ordered 
appearance of 
detailed
assemblies

Fabrication and 
assembly detail 
including
construction
means and 
methods
(cranes, man-
lifts, shoring, 
etc.)

Cost Estimating Conceptual cost 
allowance  
Example  $/sf of 
floor area, 
$/hospital bed, 
$/parking stall, 
etc.

assumptions on 
future content

Estimated cost 
based on 
measurement of 
generic element.  
E.g., generic 
interior wall. 

Estimated cost 
based on 
measurement of 
specific
assembly.  E.g., 
specific wall 
type. 

Committed
purchase price 
of specific 
assembly at 
Buyout. 

Record costs 

Program Compliance Gross 
departmental 
areas

Specific room 
requirements

FF&E,
casework, utility 
connections

Sustainable Materials LEED strategies Approximate 
quantities of 
materials by 
LEED categories 

Precise
quantities of 
materials with 
percentages of 
recycled/locally 
purchased
materials

Specific
manufacturer 
selections

Purchase
documentation

Environmental: Lighting, 
Energy use, air movement 
Analysis/Simulation 

Strategy and 
performance 
criteria based on  
volumes and 
areas

Conceptual
design based on 
geometry and 
assumed system 
types 

Approximate 
simulation based 
on specific 
building
assemblies and 
engineered
systems 

Precise
simulation based 
on specific 
manufacturer 
and detailed 
system 
components

Commissioning
and recording of 
measured
performance 

Other uses may be identified and developed 

Exiting and circulation 

Code compliance 

Etc. 

Table 1:  Level of Detail (LOD) Definitions 

Table 2 shows some examples to help clarify the concepts. 

9/9/2008 7:24 AM Page 2 of 4 
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WINDOW FRAME PER M2 Service 
Life 

(years)

KG CO2 KG CO2 Per 
year

Recyclability PRICE IN 
EURO

European hardwood (67x114) acrylic painted 50 8,95 0,179 0,0%  1,20

European softwood (67x114); painted, acrylic 35 10,8 0,309 0,2 % 1,44

European hardwood (67x114); painted, acrylic 50 9,23 0,185 0,1 % 1,48

European softwood (67x114); painted, acrylic 35 10,8 0,308 0,2 % 1,65

Tropical hardwood (67x114); painted, acrylic 50 15,7 0,314 0,1% 2,36

Pine (67x114); acetylated modified 50 17,6 0,352 0% 2,42

97% secondary aluminum (68x72), anodized 75 17,5 0,233 63,0% 2,92

Steel (80x50); Powder 100 31,8 0,318 62,6% 3,39

Steel (80x70); Powder 100 33,1 0,331 65,6% 3,59

 47% secondary aluminum (68x72), anodized 75 17,6 0,234 63,0% 3,69

97% secondary aluminum (68x72), powder 75 15,6 0,208 65,7% 3,70

47% secondary aluminum (68x72), powder 75 14,7 0,196 65,7% 4,47

 PVC on steel core (80x112), 0% Secondary 40 36,5 0,9125 73,4% 6,80

Tropical hardwood (67x114); painted, acrylic; 50 15,7 0,314 0,0% 19,90

Uglass wood or 
plastic

metal 
with 
thermal 
break

Metal 
without 
thermal 
break

VLT SHGC

Ufr = 2,4 Ufr= 3,8 Ufr= 7,0
single glass 3,3 3,3 3,6 4,5 0,95 0,85

3,2 3,2 3,6 4,4
3,0 3,0 3,4 4,2

double glass 2,8 2,9 3,3 4,1 0,9 0,75
2,6 2,8 3,2 4,0
2,4 2,6 3,1 3,9
2,2 2,5 2,9 3,7

HR glass 2,0 2,3 2,8 3,6 0,8 0,75
1,8 2,2 2,6 3,5

HR+ glass 1,6 2,0 2,5 3,3 0,79 0,65
1,4 1,9 2,4 3,2

HR++ 1,2 1,8 2,2 3,0 0,75 0,60
1,0 1,6 2,0 2,9
0,9 1,5 2,1 2,8

HR3 0,7 1,4 1,9 2,7 0,65 0,60
0,5 1,3 1,7 2,5

 MATERIAL KG CO2 
PER KG 

MATERIAL

 Krypton filling 26

 Xenon filling 229

 Glass 0.85

Embodied energy based 
parameters
Window Frame Select from drop down 
KG	CO2	value	(frame) value
Glass type Select from drop down 
KG	CO2	value	(glass) value
Fill type (between glass) Select from drop down 
KG	CO2	value	(infill	) value
Service	Life value (years)
Recyclability value (%)
Operational energy based 
parameters
VLT	 value
SHGC	 value
U-value glass value
U-value frame value
U- total value
General data:
thickness-profile value
Colour	frame Select from drop down 
Coating	frame Select from drop down 
BIPV Select from drop down 
thickness glass Select from drop down 
Spacers Between Glass Select from drop down 
Profile	placement In model
Acoustic Select from drop down 
price (per unit) value
EPC based Parameters:
u- value Max	=4.2	W/m.sq	K
air	tightness 0,2 cubic decimeters/second
Solar heat gain requirement
daylighting depending	on	interior	function
Ventilation	 requirement
Sushading provision
area of transparent elements depending	on	residential/	non	residential
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Library	use:	Project	Delivery	Method
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2-D BrochuresFab- Window 
by Itannex

BIM object

Information	:	needs	to	be	filtered	by	
architect

applicable in design 
stage

user interface

Embodied energy 
related data

Operational	energy	
related data

Easy of comparision

Maybe?yes:
Flexibe geometry

no

no

Yes

no

Maybe

No

maybe

Yes

Yes

Make 
visual

Introduction		*		Background	of	topics	*		Hypothesis:	Library		*		Design	Options
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Figure 3.8.a : List of parameters that can be interesting to include in library.


