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DESIGNING LIGHTNESS:
PRINCIPLES OF WEIGHT 
REDUCTION
Even SUV's are losing weight. The combination 
of growing costs of converting sufficient amounts of 
energy for production, distribution and waste dispo-
sal and the decreasing availability of raw materials 
calls for less consumptive ways to operate the world. 
History shows that weight saving is obvious, not just 
because there is a good reason to be economical, 
but also because of who we are. We desire an easy life 
wherein even exercise should take minimum effort. 
A desire for convenience is the most important 
driving force behind technological development.

It is peculiar then to notice that, although weight 
saving seems perfectly ordinary, essentially it does 
not yet belong to common practice. The implications 
of lightness are not understood in full. When aircraft 
engineers and builders still take pride in the weight of 

their creations rather than their lightness, work needs 
to be done, starting with reading Designing Light-
ness; Principles of Weight Reduction' to be written by 
Adriaan Beukers and Ed van Hinte and designed by 
studio Renate Boere.

In an entertaining way, this richly illustrated book 
will provide an extensive overview of everything 
involved in creating lightweight structures, including 
counterintuitive phenomena. It offers a dazzling 
array of examples both from the past and the future, 
covering everything from packaging to architecture 
and from hovering boards to spacecraft, ranging 
from abstract phenomena to bio-structures and from 
ancient discoveries to the newest technologies. 
Every detail is topped off with thorough but light 
hearted explanations. 

The Yitzhak Rabin Center in Tel Aviv, which combines a library and a 
research institution, is the first building with a lightweight composite 
roof. It is self-carrying and does not include a metal framework. 



• On stage: Partner feature during book  
presentation with poster/ boarding/ stall. 
Costs depend on context and wishes.

For further information: 
Paul Kortman
pk@firmawoordendaad.nl
+31(0)622553292

Ed van Hinte:  
ejhint@wxs.nl 
+31(0)621824716

Adriaan Beukers: 
beukers1@xs4all.nl

www.lightness-studios.nl

Reducing weight heavily depends on segregating 
what we have and reintegrating the required 
functions and properties. Rather than putting parts 
together, design turns into building up structures in

LOOKING FOR FANS, SUPPORTERS & EXPERTS

To publish the book we are looking for sponsors of 
the book who are enthusiastically engaged in the  
development of lightness for their own business. If 
you want to share your involvement with others then 
‘Designing Lightness’ can be a very good introducti-
on or first step. Show your expertise and excitement 
to your partners with ‘Designing Lightness’.

TARGET GROUPS:

• Material researchers
• Architects
• Engineers
• Vehicle Designers
• Packaging Designers
• Product Designers
• Policy Makers

WE OFFER THE FOLLOWING SPONSORING 
OPTIONS:
Partner always get 10 copies of ‘Designing Lightness’.

• Name published in book and on website
•  Logo in book and on website
Luxury partner gets own bookmark, or special pack-
aging per book. Extra costs depending on execution.

• Content partner gets logo listing in the book, 
copies and a contribution with a case study, 
advice, knowledge sharing and images. Editing 
by mutual consent. Costs depend on imple-
mentation.

• Brand edition: partner gets own version, 
separate from sponsoring trade edition, with 
exclusive part of the book. Book concept by 
mutual consent. Example: name/ logo on  
cover, main page, paragraph, chapter. Editing 
by mutual consent.

a careful process balancing between combining ma-
terials, sometimes on the atom level, and overviewing 
the complete concept.  Readers will arrive at a proper 
understanding of minimum material structures.

Books are accessible via the link on the info/contact page on the 
lightness-studios website



ACHIEVE MORE WITH LESS MATERIAL 

Mankind is notoriously overzealous when it comes to 
using available resources. Yet for the major part the 
reactions consist of fighting symptoms rather than 
stimulating preventive measures. Everything we do 
requires transportation and energy consumption. 
Design therefore should focus on reducing the 
amount of materials concerned. 

Recently a 57-story building was put up in Changs-
ha, China, in 19 days. Less important than the speed 
is the fact that the design saved a staggering 15000 
trucks of concrete. Saving this amount of CO2 inten-
sive material so far has hardly been a consideration in 
architecture.

In the energy intensive world of air travel weight 
saving is truly profitable. Reduction of the weight of a 

REDUCED EFFORT
single average passenger carrier by just 100 kilograms, 
saves 19000 litres of fuel per year. This is the simple 
reason that the replacement of aluminium by fibre 
reinforced polymers is gaining territory in the 
airplane industry. Still even here you will observe 
heaviness machismo. It is not uncommon that an 
airplane builder boasts the mounting of an eight-ton 
wing to a fuselage. Boasting weight in building and 
construction rule rather than exception.

Recycling is generally considered crucial, overlooking 
the fact that it requires energy for transportation and 
material processing. The idea that recycling is favou-
rable, with expressions such as ‘waste is food’ or ‘cash 
for trash’, supports the energy consuming production 
of waste, rather than its reduction. Grinding down 
products in effect is destruction of value. Cultivating 
value of minimum material artefacts for an appropri-
ate time span is much smarter.  

The Severn Bridge near Bristol (UK) featured a smart deck of floating segments. The whole structure was lighter than a single tower of a  
bridge of the preceding generation.



UNDERSTAND THE INVISIBLE THROUGH 
WHAT YOU SEE

Mother nature is not interested in following the 
rules of geometry at all, but she does unknowingly 
manifest herself in ways that we can describe in geo-
metrical terms. Rigidity benefits from triangles, bees 
reproduce in hexagonal honeycomb cells and rope 
suspension bridges hang over canyons in the catenary 
shape. This descriptive limitation of geometry may 
seem obvious, but is often overlooked. 

Some designers think that applying these shapes is 
always beneficial, since nature demonstrates clearly 
that they are functional. But it is not as simple as 
that. These creatives are unaware of what happens 
backstage, where forces behave in ways that cause 
shapes to emerge.  The hustle and bustle of stress and 
movement doesn’t become apparent until they cause 

BACKSTAGE FORCES
structures to cross the limits of what they are supposed 
to do. Bees are by no means clever architects with a 
cultural obsession for hexagons. Geometrical shaping 
is caused by cylindrical cells sharing minimum wall 
surface. Distributing forces equally in all directions 
causes a desert surface to divide up in hexagons.

Gravity is the most important cause of structural 
deformation, and it delegates its effects to all the 
loads that structures need to withstand: vehicles, 
containers, passengers, which in all their turn also 
need the ability to resist this invisible power. We have 
shaped everything to neutralize gravity. Even our 
own bodies function along the lines of tensegrity, 
radical separation of pressure and tension forces. 
Richard Buckminster Fuller identified this principle. 
He was a true master of geometric analysis and some 
of his work will be in Designing Lightness.

A beehive as the backdrop of insect life. Backstage nature turns the
 cylinders they construct into equal hexagons.



HUMANS DESIRE THE MAGIC OF CONVENIENCE 

The number of goods transported around the world 
to keep us humans insured of sufficient convenien-
ce, increases every day. Everything we consume we 
have to move from one place to another. Container 
ships, trains, trucks and airplanes bring enormous 
loads of clothes, machinery, food, cars and whatever 
accessories you can think of between continents and 
countries. When we’re done with them, transporta-
tion again is part of a gargantuan effort of material 
regeneration and worldwide dumping.

Centuries ago humans, having no other means for 
moving goods than their own bodies, used to limit 
themselves to carrying the bare minimum of equip-
ment. The discovery of the potential of beasts of 
burden and later machinery, together with the see-
mingly endless availability of fuel, changed all that. 
The realization that there are limits to resources, or 

TRAVELLING LIGHT
rather energy conversion and storage, combined with 
technological development, the purpose of which is 
to provide us with the illusion of absolute control, 
causes a gradual shift towards lightness.

Things are losing weight to make life easier. The ob-
vious example is electronic equipment. In packaging, 
consideration of weight reduction is on the increase. 
Starting with aircraft, vehicles are also slimming 
down and becoming more efficient. London is one of 
the first cities to grow vegetables underground in its 
centre: short distance transportation. 
To compensate for all the convenience we achieve, 
with the laziness it creates, media discuss health, diet 
control and exercise each and every day.  Bicycles, 
often quite heavy and clumsy ones, are conquering 
the world as a personal means of transportation, but 
for racing they keep become lighter. It should be the 
other way around.

Rendering of Felix Baumgartner just before his records breaking jump from a balloon at an altitude of 38.6 kilometres. Due to its light-
ness suit for entering the Earth atmosphere in is far less likely to heat up than a capsule.



CARBON FIBRES EXPAND THEIR TERRITORY 

Over the past fifteen years, fibre reinforced polymer 
structures have quickly become more normal. The 
most important reason is that there are major func-
tional advantages. Airplanes become more efficient 
and comfortable; electric cars (such as the BMW i3) 
get a larger range; bridges turn into maintenance free 
lightweight products that are more environmentally 
friendly and not necessarily more expensive. This 
comes with the awareness that a composite material 
may be expensive per unit weight, but that you don’t 
need a lot of it.

The second reason for their increasing success is 
that composites, particularly carbon fibre reinforced 
polymers, have acquired cultural status because of the 
way they look.  They are like precious metals. The fact 
that super cars radiate that shiny and almost gloomy 
blackness has led to ‘carbon’ being the material of 
choice for the cool and famous. Carbon is bling, 

COMPOSITES GO VIRAL
to the extent that its visible structure is present in 
anything from dog bowls to watches, car accessories 
and toilet seats. If you don’t actually need the real 
thing, water transfer printing can fake carbon 
appearance, on dashboards, wheels, drum kits and 
gaming consoles. Carbon is the new chromium.

Prestigious products represent the avant-garde 
in developments. Marine equipment is ahead in 
composites, although this industry is modest in its 
overall size. Mass production is coming within reach, 
however, through the effort of the car industry. 
The translation of manufacturing steel into proces-
sing fibres and composite plates is quite impressive. 
In terms of technology the main advantage is the 
limited forces required (and noise generated). 
Because of this shapes and properties are easier to 
define in software. Technologies such as fibre place-
ment allow flexible and precise manufacturing. 
Composites are not materials. They define structures 
from the material level up.

For Boeing, Spirit Aerosystems in Renton, Washington, produces a 
considerable share of fuselage parts. In this case they construct 

the nose and forward section of the Boeing 787 Dreamliner
 through winding and fibre placement (Photo: Bill Carey). 



INNOVATE BY APPLYING THE UNEXPECTED

Innovation emerges from open mindedness, some-
times providing unexpected opportunities.  
For Ferrari a small group of Delft students developed 
a system for aerodynamic boundary layer control. 
Two fans suck air from the bottom of the experimen-
tal Ferrari 599xx tail and blow it out through where 
the tail lights are supposed to be. This improves tail 
stability without the need of a spoiler. The unexpec-
ted part: suction is equally distributed through a 
material that is normally used for felt tip pens. 
Since 2005 the former students run Actiflow, a suc-
cessful aerodynamics business.

New developments often emerge from this kind of 
spontaneous choices. The German airplane builder 
Junkers started in 1895 as a producer of boilers and 
radiators and recognized the potential of airplanes, 
partly because they were familiar with methods of 
boiler production, which in their view could just as 
well be used for aircraft structures. Indeed, their first 

CREATIVE MIXING
designs partly consisted of boiler pipes and standard 
connection pieces. Insight may evolve from hind-
sight. Gluing structural airplane parts started in the 
UK at legendary airplane manufacturer De Havilland, 
builder of the Mosquito and the Comet. Application 
started with a wood adhesive, which was developed 
by Norman de Bruyne, initiator of Aero Research Ltd. 
Later he created Redux a phenolic adhesive for balsa 
wood and aluminium. Different versions could bond 
aluminium plates. 

Fokker Aerostructures has been adhering airplane 
parts to each other since the mid 50s. Not long ago 
they discovered that the standard electrochemical 
pre-treatment produces a thin layer of alumina on 
the metal surface, with tiny holes in the range of 20 
nanometres (millionths of millimetres) in diameter. 
They provide adhesive with a sophisticated grip. 
Apparently Fokker had been involved in nanotechno-
logy before the word existed.

In the boot of a Ferrari 599xx are two electric fans. They suck air from the tail bottom to blow it in the airflow over the tail top, through the 
holes where normally the backlights would be. This presses the rear end of the car on the road and in addition reduces turbulence and 
fuel consumption.



In many companies and institutions work is proceeding on developing a much more efficient Blended Wing Body airplane. With current 
technologies the opportunities are here.

LIGHTNESS DESERVES NORMALITY 

Lightness is making its way into the normality of 
transportation development. Aircraft, which are 
already undergoing a conceptual change due to a 
translation of aluminium into carbon fibre reinfor-
ced polymers, are likely to undergo a configuration 
metamorphosis as well. The ‘Blended Wing Body’, 
or flying wing, has been appearing on the horizon 
of aviation for a long time already. It promises to be 
some fifty percent more energy efficient. Control of 
flight dynamics has evolved. This kind of develop-
ment takes a lot of effort. It may well be that multila-
teral cooperation is the only way to conceive such an 
ambitious design.

Cars are also likely to change, partly because burning 
fuel will probably be replaced by using electric power 
accumulated or generated it in fuel cells. The other 
serious adaptation has to come from automation. 

WELL INTO THE FUTURE
Despite its promises the arrival of fully self-driving 
car is by no means certain. No matter what, the car 
is likely to evolve from a carrier of driver identity 
into a more neutral people mover. It will belong to a 
different category of objects with a different functio-
nal concept.

Another evolution is to come from the structure of 
materials themselves. There are numerous experi-
ments with biodegradable polymers as well as fibres. 
It is important to get more clarity about their relevan-
ce. It doesn’t make sense to use degradable materials 
in products that may survive centuries.

Other functions may be added to structures as well. 
Experiments with textiles and foils show that sensors, 
actuators, lighting and chemical reactions are likely 
to become functional parts, or properties of new 
materials, including composites. Adding extras may 
no longer require adding extra weight.



Opzet voor een standaardwerk over Nederlands 
belangrijkste innovatie

Dijken van Nederland

WE’D LIKE TO INSPIRE

STADSNATUUR
ONTWERPEN

PROJECTPLAN PUBLICATIE OVER STADSNATUUR IN DE NOORDWEST-EUROPESE STAD 



Zelfs SUV’s worden lichter. De combinatie 
van stijgende kosten van het omzetten van 
voldoende hoeveelheden energie met de 
afnemende beschikbaarheid van grondstoffen 
verlangt minder consumptieve manieren 
van wereldexploitatie. De geschiedenis laat 
zien dat gewichtsbesparing heel normaal is, 
niet alleen omdat er een goede reden is voor 
zuinigheid, maar ook om wie wij zijn. We 
verlangen een comfortabel leventje, waarin zelfs 
lichaamsbeweging zo min mogelijke moeite moet 
kosten. Gemak is de stuwende kracht achter 
technologische ontwikkeling. 

Dan is het vreemd te zien dat, hoewel 
gewichtsbesparing doodgewoon lijkt, het in 
essentie toch geen alledaagse praktijk is. De 
implicaties van lichtheid worden niet goed 
begrepen. Zolang vliegtuigontwerpers en 
bouwconstructeurs nog trots zijn op het gewicht 
van hun creaties in plaats van hun lichtheid, is er 
nog werk te doen, te beginnen met het lezen van 
‘Principles of Weight Reduction’ door Adriaan 
Beukers en Ed van Hinte.

Op onderhoudende wijze geeft dit boek een 
uitgebreid overzicht van alles dat met het creëren 
van lichtgewicht constructies te maken heeft, 
inclusief verschijnselen die tegen de verwachting 
werken, zoals het feit dat de toevoeging van een 
extra laag materiaal niet altijd goed is om iets 
steviger te maken.

Gewichtsreductie is zwaar afhankelijk van het 
ontleden van wat we hebben en vervolgens 
re-integreren van de vereiste functies en 
eigenschappen door het combineren van 
materialen. In plaats van het samenstellen van 
onderdelen, wordt ontwerpen het opbouwen 
van constructies in een zorgvuldig proces 
dat balanceert tussen het combineren van 
materialen, soms op atomair niveau, en het 
overzien van het complete concept.
Het magnifiek geïllustreerde boek verschaft een 
duizelingwekkend reeks voorbeelden, goed en 
fout, oud en nieuw, van abstracte verschijnselen 
tot biostructuren en van oeroude ontdekkingen 
tot de nieuwste technologieën. Die hebben de 
schrijvers allemaal bedoeld om de lezer aan een 
goede verstandhouding met lichtheid te helpen. 

LIGHTWEIGHT STRUCTURES 
PRINCIPLES OF MINIMUM WEIGHT DESIGN

AND CREATE 
         CROSSOVERS



TARGET GROUPS
Designing Lightness will be published for profes-
sionals, students and interested lay people, in any 
hardware development field. The books contents are 
about design, engineering, architecture, building and 
construction and policy making. It involves anything, 
from packaging to space ships, and from coastal 
protection to sports equipment. The aim is to provide 
insight in ways in which, for the sake of a sustainable 
future, material and energy consumption may be 
reduced by cultivating value on a minimum material 
matrix. The book will prove quite useful to support 
architecture, design and engineering education.

MATERIAL RESEARCHERS 
Traditionally materials are chosen from an available 
range for a certain purpose. Composite thinking is 
providing the new option of developing materials 
based on required properties and behaviours. 
A completely different approach is emerging, which 
may delve deep into combinations of characteristics, 
all the way to the nanometre level of individual 
molecules if necessary. It is where lightweight struc-
tures are born.

ARCHITECTS
Architecture is of special interest, since there is quite 
a lot to be gained in weight reduction. Architects 
currently are mainly focused on functional and visual 
qualities. They can learn about new alternatives in 
construction and expression. Engineers in building 
and construction are involved in the same tradition. 
New ways of analysing and resynthesizing structure 
is challenging.

ENGINEERS
In developing civil engineering solutions, the potenti-
al of lightweight structure design is being discovered. 
Particularly the application of composites in bridges 
is not all that exceptional anymore. The market for 
fibre reinforced cladding systems is growing at a high 
rate as well. New steps can be made in the develop-
ment of building tools.

VEHICLE DESIGNERS
It is fascinating to witness the gradual replacement of 
metal by carbon fibre reinforced polymers in vehicles. 
Boats, particularly super yachts, and very expensi-
ve spots cars are leading the pack, with composite 
as a status symbol. The car industry, and of course 
the drone industry, are starting to lead the way in 
development of mass producing lightweight vehi-
cles. In trains and aircraft composites have instituted 
themselves as the obvious next step. Shipping has 
great potential and the first careful steps have been 
made. Jumping from one tradition to the next is both 
intriguing and exciting.

PACKAGING DESIGNERS
The world of logistics is continuously reinventing 
itself. It has to because of the changes brought on 
by the growth in intercontinental traffic of goods 
and online trade. Depending on precise context the 
scenario that packaging materials go through remains 
open to further improvement, in terms of reuse and 
recycling options as well as mass reduction. Designs 
for lightweight shipping containers are appearing.

PRODUCT DESIGNERS
Silently, but vigorously, the individual mass of consu-
mer products is decreasing, either to reduce costs, 
or because technology allows it. Consumer electro-
nics are leading the way. Simultaneously the sum total 
of consumer goods on the road is growing. Appa-
rently we want more and lighter stuff. The speed of 
consumption is increasing, with little consideration 
for environmental costs. The question that lies ahead 
is: how can we design a given product in such a way 
that it matches its intensity of use and its longevity.

POLICY MAKERS
Currently the focus of policy makers, when talking 
reduction of environmental impact is on the symp-
toms. Waste is to be recycled and carbon dioxide 
filtered out and stashed away, and possibly diminis-
hed by replacing fuel with wind and solar energy. 
The next step is to try and precede waste production 
by reducing the amount of material involved. Setting 
new rules for transportation may be a key.
 



ARRANGEMENT WITH
Adriaan Beukers is an emeritus professor in Light-
weight Structures. The first Lightness book was an 
award het got for his inspirational quality and his 
ability to demonstrate crossover relationships be-
tween functional solutions through time, 
technology and culture.

Ed van Hinte is a writer and award-winning critic 
with a design and engineering background. He wrote 
and edited both Lightness books, but also published 
books on architecture and sustainability, product life 
extension and recently food design. 

Studio Renate Boere is a small graphic design studio. 
Together with Ed van Hinte she runs DRS22, a design 
research company that initiates its own projects. 
Renate Boere is an experienced book designer and 
won a European Design Award as well as an Interna-
tional Design Award  for her book ‘Fairy Tales; Chris-
tie van der Haak’.

To be able to publish the book we need a firm 
financial footing. We need your help to get started.
There are two simple principles:
You sponsor the project and you get books in 
return.
More money implies more extras. We may develop 
an app to analyse and calculate structures, and we 
are also considering the organization of events, 
workshops and shows, which will contribute to 
the exchange of knowledge and experience be-
tween professionals and students with different 
backgrounds. Their shared interest is Designing 
Lightness.

For more information mail:
 info@lightness-studios.nl or check:
www. lightness-studios.nl

Since the 1930’s man has been interested in flying cars. 
A recent example  is this three-weeled vehicle, which flies 

according to the autogiro principle was developed by 
Spark Design and innovation. 
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‘You can certainly add Imast as cluster on 
composites that appreciate the book being 
published.’
EVA MILELLA

‘Wuhan and 
Harbin University 
are pleased to be 
involved in the 
list of your new 
book and will 
definitely give our 
supports.’ 
PROF. LEI ZU 

‘Thank you very much for contacting me with 
a very fascinating project of issuing Design-
ing Lightness’.
PROF. KAZUTO TANAKA

‘It looks like an inter-
esting book I would like 
to see published. Great 
to see the sustainabili-
ty aspect going in’
PROF. KIM PICKERING

‘To me Lightness is a Lighthouse when it 
concerns designing lightweight structured’
PROF. JAN WILLEM VAN DE KUILEN

‘Yes of course glad to hear the work is 
still going strong!’
PROF. CAROLINE BAILLIE

‘I’m not aware about a 
book having a similar 
approach. So, it will be 
a fruitful contribution 
and I like to encourage 
you to proceed.’
UNIV.-PROF. RALF SCHLEDJEWSKI

‘I am delighted 
you are still  
coming up with 
new ideas and 
inquisitiveness 
to contribute to 
knowledge.’ 
MARIA VOYATZAKI

‘I read the outline and 
it seems to me very 
interesting and 
complete.’ 
PROF.  LEONARDO LECCE

 

A SELECTION OF QUOTES OF OUR PARTNERS

TO PROMOTE THE BOOK DESIGNING LIGHTNESS



WE WELCOME YOU TO 
PARTICIPATE IN GETTING 
‘DESIGNING LIGHTNESS’ 

PUBLISHED
‘It seems important that 

a book like this gets published’ 
PROF. DR. CASPER BOKS

‘Yes we would be happy 
to be a supporter of the book.’ 
- MA RCA DRUMMOND H. MASTERTON 


