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EPDM-membrane	 			1,41	 kg/FU	
flax	wool	200	mm	 10,00	 kg/FU	
batters	60x50	/0,6m					1,13	 kg/FU	
beams	2x	75x275/2m	11,34	 kg/FU	
jute	closing	sacks	 		0,60	 kg/FU	
loam	finishing	6mm	 12,20	 kg/FU	

    total 38,88 kg/FU

prototype
The	design	used	for	this	graduation	project	was	made	
by	the	NIBE.	It	is	a	pavilion	for	the	Meerlanden	to	
exhibit	their	activities.	Earthship	elements	like	car	tires	
with	rammed	earth	are	used.	Materials	are	available	
within	several	kilometers.

Figure 2, illustration pavilion the Meerlanden, NIBE 
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3.10.
Efficient styles

Whereas efficient climate control used
to be considered peculiar,now it has
turned into an asset ofprestige.One
ofthe early examples is the main 
office building for the NMB Bank in
Amsterdam by Alberts & Van Huut.It
really is a little strange,relating as it
does directly to RudolfSteiner’s ideas,
with its mountain-like slanted struc-
ture,elaborate brickwork and small
windows.It is one ofthose buildings
that is loathed by most ofthe archi-
tectural community and loved by the
public.Its climatological quality
mainly depends on insulation and 
water flows inside.Alberts & Van 
Huut continued to refer to organic
shapes,but climatic efficiency became
subject to modernist architectural
conventions about transparency.
The NMB Bank is now part ofING
Group,an organization with a long
history ofimportant architecture
commissions.They were one ofthe
early clients ofBerlage.Recently 
Meyer & Van Schooten designed a
new high-tech building for their top-
level executives in Amsterdam.It fea-
tures the latest in efficient climate
control and bears a strong resem-
blance to Future Systems’Green
Building.To the users inside,the steel
structure,glass,gardens and large
empty spaces provide a dynamic ex-
perience ofworkspace quality.The
look ofthis slick modern product-

form with its aluminium panelling
has caused the building to be popular-
ly dubbed ‘The Dustbuster’.What 
remains is the question ofwhether
prestige and efficiency are compatible.

project: Headquarters NMB
architects: Ton Alberts & Max van Huut
year: 1987
location: Amsterdam, the Netherlands

project: ING House
architects: Meyer & 
Van Schooten Architecten
year: 2002
location: Amsterdam, the Netherlands

project: Green Building
architect: Future Systems
year: 1990
location: London
engineering: Ove Arup & Partners
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reuse

deconstruct

chipping
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criteria

Cradle to Cradledesign	the	Meerlanden

basics closed cycle future goal measuring
Materializing	a	building	starts	with	stop	using	“red”	
toxic	materials.	
The	Cradle	to	Cradle	Protocol	says	that	in	the	next	step	
as	much	as	possible	materials	from	a	green,	positive	list	
can	be	used.	
Finally	the	goal	is	to	reinvent	buildings.	Eatable	is	a	
criteria.

alternative designs

Materials R&D lab

technical

This	report	is	part	of	the	graduation	lab	Materials	
Research	and	Design.	The	aim	of	this	lab	is	to	apply	an	
innovative	material	on	the	biggest	scale	possible.	

Designing	a	prototype	with	this	material	is	the	main	
challenge.	Also	building	a	prototype	and	testing	this	
on	its	properties	is	part	of	participation	of	this	lab.	
The	ZAPPI	research	program	at	the	TU	Delft	is	testing	
innovative	building	materials	like	glass,	cardboard	
and	Grancrete.	This	making	and	testing	of	prototypes	
in	this	project	is	not	intended	to	certify	a	product	for	
the	market	but	is	more	the	developing	of	innovative	
concepts.	

Figure 1, mechanical testing of a straw board 

2006 Timber Framers Guild Eastern Conference 15

The Green Material Maze
Here we’ll explore examples of how building materials are changing, from manufacturing culture and environ-
mental stewardship to “up cycling” and “closed loop” products. We will look at how to choose the right recycled
or recycled-content material for your projects.

We’ll review several different certification systems including Cradle to Cradle, Scientific Certification Systems,
Green Seal, and Greenguard. Examples of how to use these products for prescriptive programs like Built Green
or LEED will also be provided.

Deconstruction in progress showing roof framing and decking in a 1905 warehouse.

Post-beam junction in a 1905 warehouse.

construction	dimensions Life	Cycle	Assessment	existing	system

Hybrid	materials	that	can	not	be	seperated	have	to	
be	avoided.	Wood	with	UF	glue	is	not	healthy	nor	
recyclable.	

A	technical	material	could	be	reused	or	remelted	so	
this	can	have	a	closed	loop.

A	natural	material	could	be	part	of	a	reusing,	
reprocessing	or	regrowing	cycle:

C2C	is	a	corporate	trademark	of	MBDC.	Certification©	
will	always	be	in	collaboration	with	them	or	a	partner	
organization.	The	protocol	has	qualitative	criteria	for	
each	level	from	silver	to	platinum.

steel - wood

stressed	skin

wood	frame

Plannja

Flex-Frame

Enviroboard

Courtesy

Inholz

	 	 	 	 	 weight:
aluminium	fels	clad	 		2,27	 kg/FU
alu	SF19	insulation	 		0,65	 kg/FU
corrugated	steel	 		9,36	 kg/FU
IPE220	/4m	beam		 		5,55	 kg/FU

    total 17,82 kg/FU

environmental	effects
Life	Cycle	Assesments	determine	the	flow	of	emissions,	
land	use	and	hindrence	of	a	project.	This	information	
can	be	used	to	choose	the	option	with	an	acceptable	
level	of	damage.	Industries	have	inproved	considerably	
in	the	last	decades	resulting	in	better	air,	soil	and	
water	quality.	It	is	an	optimalisation	of	the	industrial	
revolution.	

With	the	TWIN-model	it	is	possible	to	combine	all	
hidden	environmental	effects	and	put	them	into	one	
monetary	number.	This	allows	comparison	of	different	
options	that	have	the	same	Functional	Unit.	

Aim	of	this	project	is	to	minimize	the	environmental	
effects	with	the	set	criteria.	Until	we	do	not	rely	on	
fossil	fuels	and	do	not	pollute	anymore	this	minimizing	
will	be	needed.

boundary
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Deze tabel uit NIBE’s Basiswerk Milieuclassificaties Bouwproducten laat zien welke isolatiema-

terialen voldoen aan de eis NIBE milieuklasse 1 of 2. Alle producten onder de eerste lijn van € 

1,7,-/m2 verborgen milieukosten voldoen aan die eis. (Bron: NIBE)

Bronnen:

NIBE’s Basiswerk Milieuclassificaties Bouwproducten 

F. ENERGIE

Isoleer bewust, met het juiste materiaal en niet te weinig

In principe kunt u nooit teveel isoleren. Uiteraard moet er naar een uitgekiend totaalconcept 

gezocht worden waarin warmte- en geluidsisolatie het hoogste rendement oplevert voor uw 

woning. Het totale isolatiepeil (K-waarde) van een woning is in België door de wet sinds 1992 

met een maximumwaarde van 55 Watt/m
2
K vastgelegd, in Nederland is het in het Bouwbesluit 

vastgelegd en daar geldt momenteel een EPC van 0,8. 

In elke toepassing dient de isolatie afgestemd te zijn op de bouwtechnische realiteit. Renovatie 

of nieuwbouw, dak, wand of vloer, houtmassiefbouw of -skeletbouw, isolatie van metselwerk 

aan binnen of buitenzijde, spouwvulling, enz. Doel is om een zo aangenaam mogelijk bin-

nenklimaat of thermisch comfort te creëren, kosten van energieverbruik te sparen en een zo 

gunstig mogelijk isolatiepeil te bereiken voor de totale woning. Men spreekt echter pas van een 

energiezuinige woning vanaf een K- waarde van minder dan 30. Mede door de enorme keuze 

van isolatiematerialen die op de markt te verkrijgen zijn, wordt de isolatieproblematiek tot een 

complexe materie. Neem daarom de criteria voor een ecologisch isolatiemateriaal in acht of 

kies voor NIBE milieuklasse 1.

Als men dan de beslissing genomen heeft welk isolatiemateriaal waar geplaatst moet worden, 

dan moet dit ook op de juiste manier gebeuren. Hierbij moet men met enkele bouwfysische 

processen rekening houden. Voor warmte-isolatie geldt de warmtegeleidingscoëfficiënt of λ- 

waarde als maatstaf met als eenheid Watt/(meter X Kelvin). Over het algemeen geldt dat hoe 

poreuzer een materiaal is hoe beter het isoleert. Water of condensatievocht daarentegen ge-

leidt de warmte zeer goed en moet daar-om in ieder geval gemeden worden. Om condensatie 

in uw woning zoveel mogelijk te vermijden kiest U voor damp-open isolatiematerialen. Bij de 

plaatsing moet U er ook op letten dat de wind niet door kieren en reten kan blazen.
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wood	shingles,	FSC	 14,40	 kg/FU
plate	straw	18	mm	 		8,10	 kg/FU
glasswool	260	mm	 14,00	 kg/FU
corrugated	steel		 		9,00	 kg/FU
C360	steel	beam	 12,21	 kg/FU
gypsum	board	12mm			1,56	 kg/FU

    total 61,77 kg/FU

wood	shingles,	FSC	 14,40	 kg/FU
jute	fixation	mesh	 		0,20	 kg/FU
kenaf	core	flanges	 30,80	 kg/FU
kenaf	core	web	28mm		3,08	 kg/FU
kenaf	insulation	200	 21,00	 kg/FU
loam	finishing	12mm	 14,40	 kg/FU
bee	wax	vapour	barrier	
  
    total 84,08 kg/FE

SBS	2x	3,5	mm	mech.					4,90	kg/FU
solid	wood	280x1000	126,00	kg/FU
wood	fibre	110mm	 				6,00	kg/FU

    total   138,90 kg/FU

Cradle	to	Cradle	materials detail	for	disassembling

function:	 o		 (meets	the	criteria)
LCA	index:	 13%		 (0,05/0,43*100%)
C2C	bonus:	 o	 (no	added	value)

total index: 13% 

function:	 o		 (meets	the	criteria)
LCA	index:	 19%		 (0,05/0,26*100%)
C2C	bonus:	 o	 (no	added	value)

total index: 19% 

comparison

prototypes during the process

dimensioning	construction Life	Cycle	Assessment	extrude prefabricate detail	for	disassembling

building energy and water
Heating	in	winter	can	be	solved	with	solar	energy	and	
waste	heat	from	the	nearby	composting	facility.

Figure 3, composting facilities get 60 oC, 
innovatiesteunpunt

Rain	water	from	the	roof	and	glasshouse	can	be	
collected	as	gray	water.	The	roof	material	must	not	
release	toxic	materials	that	would	pollute	the	water.

24        Building C2C        Bram van der Grinten        2008

Certifi cates for materials, 
components and products exist in 
four levels, respectively:

- Basic
- Silver
- Gold
- Platinum

Criteria are divided into fi ve 
categories as can be observed in 
table 1, an excerpt of certifi cation 
criteria.

C2C Basic materials have been 
inventorized and analyzed, steps 
have been plotted but there are no 
changes to the product. For C2C 
Silver materials the fi rst steps have 
been undertaken to change the 
systems around the product. With 
C2C Gold materials these changes 
have resulted in a totally sustainable 
product, eternally recyclable. 
Th e C2C Platinum certifi cate 
means that all external parties 
are environmentally and socially 
sustainable as well. 

Note: Th e names of these certifi cates 
are trademarks.

C2C certi ed  materials Functional	Unit	is	1	year	of	1	m2	roof	with	a	span	of	9	m:	
-	main	construction
-	finishing	construction
-	watertight
-	acceptable	amount	of	condensation
-	minimum	insulation	Rc	of	5	m2K/W
-	minimum	acoustic	insulation	of	30	dB

The	first	designing	stage	pointed	out	that	should	be	
focused	on	the	ribs	design.	This	has	the	least	visual	
disturbance.	

2.	ribs1.	curved	

4.	tension	rod3.	truss

ECO-EFFECTIVENESS

CLIENTS AND SUPPLIERS
ARE REGARDED AS 
PARTNERS FOR A QUALITY
TO REACH.

PROGRESS OF QUALITY FROM CRADLE TO CRADLE WITH TIME

Figure 4, towards eco effectiveness, EPEA

SF19

Choi 2004

Bouwenmetstaal.nl

extruded 
kenaf

EPDM-membrane	 		0,023	€/FU
flax	wool	200	mm	 		0,014	€/FU
batters	60x50	/0,6m	 		0,003	€/FU
beams	2x	75x275/2m			0,007	€/FU
jute	sacks	 	 		0,072	€/FU
loam	finishing 6mm	 		0,002	€/FU

    total  0,05 €/FU

	 	 	 	 		environmental	costs:					graph:
aluminium	fels	clad	 		0,078	€/FU
alu	SF19	insulation	 		0,012	€/FU
corrugated	steel	 		0,122	€/FU
IPE220	/4m	beam		 		0,052	€/FU

    total   0,26 €/FU

wood	shingles,	FSC	 	0,050	 €/FU
plate	straw	18	mm	 	0,006	 €/FU
glasswool	260	mm	 	0,022	 €/FU
corrugated	steel		 	0,183	 €/FU
C360	steel	beam	 	0,138	 €/FU
gypsum	board	12mm		0,030	 €/FU

    total 0,43 €/FU

wood	shingles,	FSC	 		0,045	€/FU
jute	fixation	mesh	 		0,026	€/FU
kenaf	core	flanges	 		0,022	€/FU
kenaf	core	web	28mm		0,004	€/FU
kenaf	insulation	200	 		0,002	€/FU
loam	finishing	12mm	 		0,004	€/FU
  
    total   0,08 €/FU

SBS	2x	3,5	mm	mech.	0,110	 €/FU
solid	wood	280x1000	0,256	 €/FU
wood	fibre	110mm	 0,130	 €/FU

    total 0,50 €/FU
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function:	 o		 (meets	the	criteria)
LCA	index:	 56%		 (0,05/0,08*100%)
C2C	bonus:	 +	 (heat	recovery	-	compost/
burn)

total index: 56% +

function:	 -	 (bracings	occupy	the	room)
LCA	index:	 100%		 (0,05/0,05*100%)
C2C	bonus:	 +	 (heat	recovery	-	compost/
burn)

total index: 0%  +

function:	 o		 (meets	the	criteria)
LCA	index:	 10%		 (0,05/0,50*100%)
C2C	bonus:	 +	 (heat	recovery	-	compost/
burn)

total index: 10% +

All	alternative	designs	have	a	closed	cycle	of	materials.	
pollution	reduced	as	much	as	possible	with	LCA.

There	is	no	design	with	only	biosphere	materials.	
A	pure	technosphere	design	is	possible	within	the	
criteria.	Good	detailing	is	essential	for	a	seperation	of	
bio-	and	technosphere	materials.

technical:
•	aluminium	foil	or	vacuum	insulation
•	window	frame	air	tight

steel-wood:
•	construction	with	less	cold	bridges

stressed	skin:
•	kenaf	core	extrusion
•	moisture	and	long	term	effects	on	kenaf	core
•	market	and	feasibility	investigation
•	connection	of	wood	shingles	without	steel	nails

wood	frame:
•	hinge	performance	of	squire	splice	joints

solid wood:
•	overlapping	short	solid	wood	parts
•	side	beams	or	steel	reinforcement

Because	of	not	fitting	the	functional	unit	the	wood	
frame	is	not	chosen	as	final	design.	Instead	the	
stressed	skin	with	kenaf	core	tubes	are	the	best	option	
in	total.	

A	tube	element	consists	of	extruded	kenaf	core	(1)	
filled	with	kenaf	bast	fibre	insulation	(2),	finished	with	
bee	wax	(3),	jute	fabric	(4)	and	loam	plaster	(5).

The	connection	of	the	wall	to	roof	also	has	
demountable	connections.	The	wall	tube	elements	(1)	
have	loadbearing	web	parts	(2).	Wood	side	beams	(3)	
lay	on	the	webs	and	connect	different	tube	elements.		
The	roof	tube	elements	(4)	are	placed	on	the	wood	
side	beam	with	dowels.

Foundation	exists	of	recycable	asphalt	concrete	(C-fix)	
elements.	Structural	behaviour	of	this	material	is	
between	concrte	and	asphalt.	So	it	is	less	strong	but	
with	similar	elasticity.	

conclusions

reflection

further	research

design	choice

Illustration	on	the	left	is	of	material	cycles	of	the	
stressed	skin	design.	
The	biosphere	cycle	has	on	top	the	harvesting	of	kenaf	
plants	(srdc.gov.au).	At	1	o’clock	can	seperation	of	core	
and	bast	be	seen	(mitsubishi-sec.co.jp).	Next	are	core	
fibres	that	are	processed	at	3	o’clock.	The	extrusion	
machine	produces	a	tube	that	is	wrapped	with	jute	
fabric	and	placed	on	site	(Stramit).	At	10	o’clock	are	the	
composting	piles	(trefgroup.com)	and	at	11	rowing	of	
new	plants	(kenafibers.com).
The	technosphere	cycle	has	demolition	at	9	o’clock,	
seperation	8	o’clock	(recyclingaction-yorkshire.org.uk),	
transport	at	7	o’clock	(vliko),	melting	at	6	o’clock	(agc-
solar.com),	floating	at	5	o’clock	(agc-solar.com),	cutting	
at	4	o’clock	and	placement	on	sita	at	3	o’clock.

straw board

squire	splice	joint

overlapping	solid	wood	
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3.10.
Efficient styles

Whereas efficient climate control used
to be considered peculiar,now it has
turned into an asset ofprestige.One
ofthe early examples is the main 
office building for the NMB Bank in
Amsterdam by Alberts & Van Huut.It
really is a little strange,relating as it
does directly to RudolfSteiner’s ideas,
with its mountain-like slanted struc-
ture,elaborate brickwork and small
windows.It is one ofthose buildings
that is loathed by most ofthe archi-
tectural community and loved by the
public.Its climatological quality
mainly depends on insulation and 
water flows inside.Alberts & Van 
Huut continued to refer to organic
shapes,but climatic efficiency became
subject to modernist architectural
conventions about transparency.
The NMB Bank is now part ofING
Group,an organization with a long
history ofimportant architecture
commissions.They were one ofthe
early clients ofBerlage.Recently 
Meyer & Van Schooten designed a
new high-tech building for their top-
level executives in Amsterdam.It fea-
tures the latest in efficient climate
control and bears a strong resem-
blance to Future Systems’Green
Building.To the users inside,the steel
structure,glass,gardens and large
empty spaces provide a dynamic ex-
perience ofworkspace quality.The
look ofthis slick modern product-

form with its aluminium panelling
has caused the building to be popular-
ly dubbed ‘The Dustbuster’.What 
remains is the question ofwhether
prestige and efficiency are compatible.

project: Headquarters NMB
architects: Ton Alberts & Max van Huut
year: 1987
location: Amsterdam, the Netherlands

project: ING House
architects: Meyer & 
Van Schooten Architecten
year: 2002
location: Amsterdam, the Netherlands

project: Green Building
architect: Future Systems
year: 1990
location: London
engineering: Ove Arup & Partners
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windows.It is one ofthose buildings
that is loathed by most ofthe archi-
tectural community and loved by the
public.Its climatological quality
mainly depends on insulation and 
water flows inside.Alberts & Van 
Huut continued to refer to organic
shapes,but climatic efficiency became
subject to modernist architectural
conventions about transparency.
The NMB Bank is now part ofING
Group,an organization with a long
history ofimportant architecture
commissions.They were one ofthe
early clients ofBerlage.Recently 
Meyer & Van Schooten designed a
new high-tech building for their top-
level executives in Amsterdam.It fea-
tures the latest in efficient climate
control and bears a strong resem-
blance to Future Systems’Green
Building.To the users inside,the steel
structure,glass,gardens and large
empty spaces provide a dynamic ex-
perience ofworkspace quality.The
look ofthis slick modern product-

form with its aluminium panelling
has caused the building to be popular-
ly dubbed ‘The Dustbuster’.What 
remains is the question ofwhether
prestige and efficiency are compatible.

project: Headquarters NMB
architects: Ton Alberts & Max van Huut
year: 1987
location: Amsterdam, the Netherlands

project: ING House
architects: Meyer & 
Van Schooten Architecten
year: 2002
location: Amsterdam, the Netherlands

project: Green Building
architect: Future Systems
year: 1990
location: London
engineering: Ove Arup & Partners
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