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Dear reader

We, the participants of the Wooden Furniture Case Study 
at the ETH Sustainablility Summer School, would like 
to congratulate you that you intend to read our book. 
We are an ambitious team coming from different disci-
plines and backgrounds. We welcome you to take a tour 
through the ideas, concepts, analysis and outlooks we 
have come up with in the two weeks of the workshop. 
All models and prototype chairs are on display at ETH 
HIL main hall and will be published on our design blog:

ethwoodenfurniture.tumblr.com 
password: lochness

We started with the analysis of a benchmark chair and 
idea gathering using the ecodesign strategy wheel. 
Then we structured our ideas and focused on four dif-
ferent approaches and did a life cycle assessment (LCA) 
of a benchmark chair.

Introduction
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neric data from the life cycle inventory database Ecoin-
vent 2.2. Finally the collected data was normalized and 
presented in relation to the predefined functional unit.

The aim of the Life Cycle Impact assessment is to as-
sess the impact of a product or service. Therefore the 
output of the inventory analysis is used to find out what 
is the impact of the input and outputs. One assigns the 
emissions to different impact classes (i. e. CO2 and CH4 
are Greenhouse gases). In this way one can do a charac-
terization, where different emission substances are com-
pared to the reference substance (CH4 = 24 CO2 eq). If 
one would like to have only one single number one can 
do a valuation/weighting of the impact categories. We 
consider that the normalization and the weighting as it 
is included in the methods we use. The normalization is 
the step where the different impacts are compared to a 
defined regional context. The methods we used for life 
cycle impact assessment are Impact2002+, Recipe and 
IPPC 2007. The reference to do the normalization in the 
methods Impact2002+ and Recipe is the environmen-
tal impact of an European citizen in one year. IPPC 2007 
doesn’t do normalization.

Almost all chair components are included in the LCA, ex-
cept one part of the foot. This part consists of different 
materials namely metal and some plastic. We assumed 
that the metal is contributing half of the weight and 
neglected the plastic or rubber part. For all the metal 
part we assumed chromium steel. The applied varnish 
is solvant based varnished. Therefore Acrylic varnish is 
assumed, with 87% in H20, which was available in the 
database.

Life Cycle Assessnebt (LCA) studies the environmental 
aspects and potential impacts throughout a product’s 
life from raw material acquisition through production, 
to use and disposal. Before starting with an LCA it is 
crucial to carefully think about the purpose and audi-
ence of the study. In our case we used the LCA as a tool 
to identify improvement potentials of our benchmark 
chair and to compare approaches to improve certain 
points in the design of a chair.

To define the reference for the analysis we defined the 
functional unit as the impact of a dinning chair (with 
a standard table height of 46 cm, four legs and a back) 
during its life-time.

The system boundaries define how wide the scope of 
the study is set in time and space. This includes there-
fore the limitations of the study and statements about 
allocations. Our geographical system boundary is Swit-
zerland and the time of analysis is the life-span of the 
chair.

To perform an LCA study data is needed. During the 
inventory analysis the necessary information was col-
lected in relation to the technical inputs and outputs (i.e 
energy demands, materials etc., see figure on the right) 
as well as the environmental inputs and outputs (i.e use 
of resources, emissions of substances, waste etc.) of the 
studied product system. A flowchart of the system in-
cluding all relevant flows and processes within the stud-
ied systems boundaries was then created by the used 
software (SimaPro). The necessary foreground data was 
derived from chair producing companies data and data 
gaps were filled in by using assumptions. We used ge-

Life Cycle Assessment

Methodology

Visualization of the life cycle of a chair
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from the reseller to the client is not considered. Neither 
did we consider the storage in the reselling stores. In all 
the processes labour is not considered.

As we have set the lifespan of the chair to 20 years, we 
did not consider that the chair might be re-varnished 
or that parts might have to be repaired, because this 
normally is not the case during the first 20 years accord-
ing to the producer. If the lifespan would be extended 
one would have to include possible re-varnishing and 
repairing.

For the end-of-life of the chair we did assume that the 
chair would be burned in Switzerland and that energy 
is recovered from the burning process. The incineration 
is modeled with incineration of untreated wood com-
bined with incineration of paint as a proxy of the var-
nish. The process for the incineration of untreated wood 
considers a water content of 20%. As the water content 
of the chairs is not more than 10%, we did correct the 
amount of wood burned for this process with the fac-
tor 1.1. Not included is the transport to the incineration 
plant.

A sensitivity analysis assessing the robustness and sen-
sitivity of the LCA results is presented in the results part.

The solid wood comes from the region of Jura. The 
growing of the wood we considered as extensive land 
use. The transport distance  from the Jura to the produc-
tion site is assumed to be 214 km. For this transport we 
assumed a truck 20-28 t (average fleet, CH) which would 
be fully loaded.

In the manufactureing process the used water for the 
stem production is not considered. The factory uses 
the waste wood to produce the heat for the bending 
process and for heating the building. We assumed that 
during the winter months the heat is half used for the 
bending and half for the heating of the building. In the 
summer months the heat production is only for the 
bending. Furthermore we assumed that wood burning 
is CO2 neutral. The electricity consists of all the electric-
ity used at the production site. The main part is used by 
the CNC machine and the three air compressors, but it 
also includes all the electricity used for ligthening and 
the seven offices.

For the packaging we only considered the plastic en-
velopes and assume that they are only used once. We 
neglected the cardboard boxes, as these are only used 
to export the chairs and not for standard distribution in 
Switzerland, which is our geographical system bound-
ary.

For the distribution we did assume a average transport 
distance of 200 km with a 3.5 t van and an average load 
of 195 kg. This is lower than the average standard load 
assumed in the Ecoinvent Database (namely 270 kg). 
We know that some chairs are shipped directly to the 
clients. Others are shiped to the resellers. The transport 

The figure shows the processes we included in the analysis in white 
and the not considered parts in red. 
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The ecodesign strategy wheel
The ecodesign strategy wheel is a tool for develop-
ing products with an optimized environmental per-
formance. It breaks down the process in to seven 
categories; 1. innovation, 2. Low-impact materials, 3. 
Optimized manufacturing, 4. Efficient distribution, 5. 
Low-impact use, 6. Optimized product lifetime and 7. 
Optimized end-of-life. Each of the seven areas contains 
several guidelines to help achieve their respective aims 
as shown in the graph.

We used the ecodesign strategy wheel to analyze our 
baseline chairs and to help us conceive ways in which 
they could be improved and to help us develop new 
concepts.

We also used the LiDs wheel as a means to assess our 
concept proposals. We rated their performance in the 7 
areas on a scale of 1 to 5 - 1 meaning that the concept 
does not satisfy the area at all, and 5 meaning the con-
cept satisfies it very well. We then plotted the ratings on 
concentric circles around the wheel to create a spider 
diagram. We used this diagram throughout the report 
to give a very quick impression of a concepts estimated 
environmental impact according to the LiDs wheel.

Design approaches

The LiDs wheel
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Impact assessment scheme based on the LiDs wheel
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as laser-cutters and CNC-mills in the design studio and 
laboratory. Given that we have only three days to devel-
op our prototypes, we decided to fast-track this process 
and test our ideas with limited resources and access to 
tools. All the models and full scale prototype chairs pro-
duced in these three days were fabricated by hand. Time 
constrain and limited access to tools therefore became a 
positive factor to our thinking and worked to our advan-
tage instead of the other way around. The final products 
of the three day super-quick prototyping include five 
full scale chairs, to-scale models made of wood, card-
board and foam-core, as well as material tests casted of 
wood-waste and risen.

Prototyping
Parallel to LCA analysis and research, we used “design 
gymnastics” and “super-quick prototyping” as an impor-
tant method to help us better engage the cases actively, 
and creatively, searching for potential solutions. By shift-
ing between the quantitative, more rigorous, left-brain 
exercises and the more qualitative, experimental, right-
brain activities, we constantly challenged ourselves to 
look at the same set of problems with new angles.

With three architects and three industrial designers in 
our group, we cannot help but quickly start sketching 
new ideas, building cardboard models, testing with 
foam-core 1:1 mock-ups, taking things apart, rebuilding 
things, improving connections and so over. After a week 
of observing, analysing, calculating and brainstorming, 
we started building our prototypes.

The first day of our week was dedicated to supervisor 
presentations, precedent studies, and design gymnastic 
sessions, during which all members of the group work 
around the tables with Rhino, AutoCAD, vectorwork 
and other computer aided design software, as well as 
with pencils, paper and scissors. We very quickly, within 
less than 3 hours, communicated and criticized one an-
other’s ideas. We posted all sketches, photographs, and 
notes not only on a public bulletin board but also on our 
blog (ethwoodenfurniture.tumblr.com). This way, we are 
constantly documenting our ideas and the progress of 
our design approaches.

After one day of design gymnastics, we quickly moved 
onto “super-quick prototyping”. Traditionally, “quick pro-
totyping” refers to digital prototyping using tools such 



the woodies ETH Sustainability Summer School 2011 – All just rubbish?14

Results and discussion
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In this part of our workshop, we took a close look at 
the material and manufacture techniques used in our 
benchmark chair. Research and analysis could be gener-
ally divided into three parts: components, connections, 
and finishes. The key issues that this part of the work-
shop concerned were:

Low-impact Materials
Avoid materials that damage human health, ecological 
health, or deplete resources;
Use minimal resources;
Use renewable resources;
Use waste byproducts;
Use thoroughly tested materials;
Use recycled or reused materials.

Optimized Manufacturing
Design for the ease of production quality control;
Minimize manufacturing waste;
Minimize energy in production;
Minimize number of production methods and opera-
tions;
Minimize number of components/materials.

To understand the manufacturing process we had a 
look at the different parts of the benchmark chair. This 
helped as a first overview. A blown-up axonometric dia-
gram was used in this process to illustrate how many 
components were involved in the production of our 
benchmark chair. We were surprised to find out that 
there were in total 38 pieces involved in the benchmark 
chair and when we looked at the same model with the 
leather seat, the number went up to 45. 

The 38 components are, in their relative order of con-
struction sequence and structural significance: 

4 solid beech wood pieces for the seat frame;
2 solid beech wood back legs, steam bent ;
1 solid beech wood back piece, steam bent;
1 plywood seat, glued to the frame;
2 solid beech wood front legs, integrated to the seat 
frame;
4 metal screws + 4 metal washers for the back leg con-
nections;
4 plastic sockets, 4 rubber pads, 4 plastic caps, 4 metal 
screws and 4  metal washers for feet;

We proposed the challenge to reduce this number, and 
asked our group members to look for solutions for re-
ducing or eliminating the non-wooden components 
to improve the end of life resolutions for the wooden 
chairs. The axonometric diagram was a key reference to 
our later discussions and analysis within our group, ren-
dering itself a very useful first step towards understand-
ing the subject of our case study. 

Axonometric diagram

Low-impact materials & Optimized manufacturing 
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In addition to the components, we also examined the 
connections used in our benchmark chair. In general 
three types of connections were used. Stainless steel nut 
and bolt connections were used in where the back legs 
are connected to the main frame. Traditional tongue 
and grove connections are used to connect the back 
piece to the back legs. White wood glue was used to re-
inforce these connections, and was applied in making 
the frame and front legs. We proposed the question of 
eliminating steel connections, and using non-toxic glue 
for the concept chairs. 

In this representation one can see in which parts of the chair what materials are used.
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Although coating is an additional chemical material, 
which increases the environmental impact of the prod-
uct life cycle at the environment, it is very important for 
the protection of the wood during its use and thereby 
increases the lifetime of the material. There are many 
different kinds of surface coating which could be con-
sidered, for example, wax, shellac, lacquer, oils, varnish 
and paint. Unfortunatelly, due to the limited time avail-
able, we were not able to pursue the analysis of all the 
different types listed above. 

Through a research paper “Life Cycle Assessment in 
Green Chemistry” made in 2007 by Linda M. Gustafsson 
and Pal Borjesson, comparing the impacts of four differ-
ent kind of wood coatings using as method the LCA, we 
can recommend the one that has the lowest environ-
mental impact. The coatings included in the research 
are two kind of waxes: wax based on rapeseed oil (green 
wax) and wax based on paraffin (fossil wax), produced 
by using conventional chemical methods, and two kind 
of lacquers: both hardened by ultra violet light after ap-
plication, being one water-based (water-based UV) and 
the other in dry form (100% UV). 

Among them, the 100% UV lacquer is highly recom-
mended as it presents the best results in all the envi-
ronmental indicators and impact categories considered, 
which are energy consumption, global warming poten-
tial, acidification potential, eutrophication potential and 
photochemical oxidant creation potential. The func-
tional unit considered was ‘decoration and protection 
of 1 m2 wood table surface for 20 years’, what is and it 
became very relevant in the results because comparing 
to the others comparison, the 100% UV lacquer requires 

a very small amount per square meter.

In order to get a better understanding for material 
choice, we also had a look at different wood based prod-
ucts with their respective production and processing, 
presented on the following pages.

17

Surface coating research
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WOOD BASED MATERIALS FOR FURNITURE

SOLID WOOD / LUMBER VENEER PARTICLES FIBRES
veneer plywood laminated veneer lumber oriented strand board (osb) particleboard medium density fibre 

board (MDF)

components solid wood layers of wood veneer
(cross-orientation of 
grain)

sold wood, wood veneer 95 %wooden strips (ca. 
2.5x15cm, cross-oriented 
layers)
5% resin+wax

wood chips / sawmill 
shavings / saw dust

fibres of residual wood 
(slab, wood chips, saw 
dust) or log wood
resin+wax

density beech 700-900 kg/m3
oak 600-900 kg/m3
ash 550-850 kg/m3
alder 400-700 kg/m3

500-700 kg/m3 400-800 kg/m3
(medium density board)

550-700 kg/m3
(medium density board)

700-850 kg/m3

dimension limited, log diameter ca. 
35cm

unlimited unlimited unlimited unlimited unlimited

Production barking, cutting, drying barking, peeling into 
veneer sheets, drying, 
glueing of layers, pres-
sing at heat

barking, cutting + peeling 
into veneer sheets, drying, 
glueing, pressing

shredding of residual wood, 
pressing

pressing of sawmill 
waste

shredding of residual 
wood, cleaning, fragment 
particles, refining, drying 
of particles, glueging, 
pressing

waste tree bark, slab, sawmill 
shavings, sawmill dust

tree bark, sawmill dust tree bark, sawmill shavings, 
sawmill dust

- - -

Cumulative Energy
Demand
(board 1m2 x 0.03m) 1

Global Warming
Potential
(board 1m2 x 0.03m) 1

Processing for furniture sawing / bending / CNC 
milling

sawing sawing sawing / CASTING? sawing / CASTING?

recyclatility yes
> oriented strand board
> particleboard
> fibreboards

- - -

component of waste 
wood

- - - 90% recycled wood 90% recycled wood 10% recycled wood

200

400

600

800

1000

1200

0M
J

2

4

6

8

10

12

0kg
 C

O
2 

eq
.

14

16
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Efficient distribution refers to reduce product and pack-
aging weight, use of reusable or reclyclable packaging, 
use of efficient transport system, use of local production 
and assembly. Regarding these issues, the possibility of 
transforming the package into the actual product, using 
reusable cotton blanket, assembling on demand, the 
package being a second product and optimizing prod-

uct size were discussed.

Low-impact use is related to minimize emissions, reduce 
energy inefficiencies, and reduce material use inefficien-
cies. For a chair, emissions of the paint, lacquer and var-
nish should be looked at closely, as they can influence 
the indoor air quality.

The figure on the right shows the whole system of a chair 
during its lifetime. In addition to the material and energy 
flows also the financial and information flows are distin-
guished. Those are not being considered in the LCA. 

Chair system map

Efficient distribution & low-impact use
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Our initial approach was to explore options that satis-
fied the postulates of the LiDs wheel as they apply to 
wooden chairs. We then grouped and arranged them 
accordingly. The outcome was that we started to recog-
nize certain synergies such as modularity and design for 
upgrade and repair on one hand and apparent contra-
dictions such design for durability and ability to biode-
grade on the other hand.

Strategies to optimize product lifetime and end-of-life 
strongly depend on the targeted product lifetime it-
self (short-term vs. long-term). Thus there are no gen-
eral guidelines to come up with considering product 
lifetime and end-of-life. Discussing different aspects of 
wooden furniture design, we mapped and related dif-
ferent strategies in the following graph.

aspects + strategies
sustainable
wooden furniture
design

reuse   vs.  recYcle  vs.  biodegrade
longterm	 	 	 	 shortterm	 	 	 	 shortterm

Modular  vs.  MonolitHic
adaptability	 	 	 purism
customization	 	 	 simplicity

taKe bacK  vs.  degrade
local	 	 	 	 	 global
dealer	relation	 	 	 independence

Material    vs.  process
opiMiZation   optiMiZation
complex	structure	 	 simple	structures
-	 	 	 	 	 	 simple	connections

local dist.  vs.  global distribution

long lifespan  vs.  sHort lifespan

Optimized product lifetime & Optimized end-of-life
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During the grouped idea gathering and analysis based 
on the ecodesign strategy wheel we came up with sev-
eral ideas according to the postulates  described above. 
At the beginning of the second week of the workshop 
we tried to find ideas which showed up in the three 
groups and summed our findings up by structuring 
them graphically on a poster. The content of the men-
tioned poster is represented in the illustration on the 
right. The illustration shows for example that the topics 
of modularity or emissions were important in all three 
groups, whereas raw materials is less concerning the ef-
ficient distribution or the low-impact use.

Problem structuring & design project derivation

Modularity

Material & 
Manufacturing

Distribution 
& use

Raw material

Waste

Emotions
End of life
Life time

Emissions
After sales

Graphical problem structuring
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LCA of the benchmark chair

The findings of the inventory and impact assessment 
processes are analyzed and presented in this section. 
The way and level of details that are presented in this 
section are limited due to the circumstances of the 
elaboration. We present the results of the impact assess-
ment with the IMPACT2002+ and then compare it with 
the results of the impact assessment methods ReCiPe 
and IPPC 2007.

For the present study, the methods IMPACT 2002+, ReC-
iPe Endpoint (H), and IPCC 2007 GWP 100a were used to 
assess the potential environmental impacts of the chair 
throughout its life cycle. The figure on the right shows 
the network of impacts (in percentage) during the life 
cycle of the chair, using IMPACT 2002+ for single score 
and 5% of node cut-off.

It can be seen that for the method IMPACT 2002+ the 
four processes that most contribute to potential envi-
ronmental impacts are electricity use (29.5%) during 
production, heat from burning wood (18%), transport 
of the chair to the client (14.1%), and plywood input 
(13.9%).

Network impact assessment using IMPACT 2002+
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In the figure on the right the environmental impacts 
categories for the four processes are shown. The highs 
potential impacts respectively for electricity are non-
renewable energy, global warming and respiratory inor-
ganics; for heat from burning wood are non-renewable 
energy, terrestrial ecotoxicity and ionizing radiation; for 
transport are terrestrial ecotoxicity, ionizing radiation, 
and non-renewable energy. Non-renewable energy 
sources are basically fossil fuels (such as, coal, natural 
gas, etc.) and nuclear energy. Respiratory inorganics are 
respiratory effects resulting from winter smog caused 
by emissions of dust, sulphur and nitrogen oxides to air. 
Global warming are damages resulting from an increase 
of diseases and death caused by climate change. Terres-
trial ecotoxicity are damages to ecosystem quality, as a 
result of emission of ecotoxic substances to soil. Ionizing 
radiation refers to damages due to increased UV radia-
tion as a result of emission of ozone depleting substanc-
es to air (Frischknecht et. al, 2007).

Environmental impacts categories of IMPACT 2002+
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Although the final disposal (municipal incineration) of 
screws (chromium steel) can be neglected, 0.0977% of 
the overall impact, their production still contributes 
with 6.17%. Therefore, it is advisable to use design solu-
tions that do not use screws. Other advice is to eliminate 
or reuse the packaging (plastic bag), as its production 
contributes with 7.26%.

To do a rough sensitivity analysis the same model was 
run with two other methods, namely Europe ReCiPe H/A 
and IPPC 2007 100a. The main difference between the 
IMPACT 2002+ and Recipe is that the wood growing is 
contributing more to the impact overall impact. This is 
due to the fact that IMPACT 2002+ does not consider 
extensive land use, whereas ReCiPe does consider this 
potential environmental impact. Compared to IMPACT, 
2002+ ReCiPe (see figure on the right) highlights more 
on solid wood input  (49.5%) and plywood input (21.1%) 
and  and less on electricity use (8.41%) during produc-
tion, heat from burning wood (2.73%) and transport 
of the chair to the client (8.26%). We can infer that the 
choice of different methods brings different results; or 
maybe we can assume that the true impact lays some-
where between the results of IMPACT 2002+ and ReCiPe.

Network impact assessment using ReCiPe 2007
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The method IPCC 2007 GWP 100a in comparison to 
IMPACT 2002+ focuses only on emitted greenhouse 
gases. Therefore processes with high greenhouse gas 
emissions from non renewable sources are showing up 
stronger (see figure below).

Environmental impacts categories of ReCiPe 2007
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For example the transport of the chair to the client con-
tributes with 25.7%,  electricity use during production 
with 24.2%. But heat from burning wood only contrib-
utes with 0.8%, because this is considered as carbon 
neutral. The contribution of solid wood input (6.76%),  
and plywood input (10.8%) are fairly consistent in both 
methods.

For more details about the results of the three above 
described impact methods have a look at the more de-
tailed graphes in the appendix.

Discussion of the life-span
The company states a lifespan of 20 years but says at 
the same time that they produce chairs which can be 
handed on from generation to generation. If we would 
assume that the chair is handed to the next genera-
tion it was at least a lifespan of 50 years. The life-span is 
therefore discussable. In our study we sticked to the 20 
years and therefore did not take into consideration that 
the chair might have to be revarnished. The impact of 
the varnishing is not a major impact. The impact of the 
revarnishing during a longer lifespan would add about 
5-8% to the impact of our results. 

Discussion of plastic bag reuse
In the IMPACT 2002+ method the plastic bags are con-
tributing 7.26 %. Our model considers the bag to be 
used once. If the bags were reused twice, as the produc-
tion company assured for they own deliveries, the im-
pact would be reduced. But a fraction of the chair is not 
delivered by the company themselves and we have no 
information about the fraction delivered by the compa-
ny and therefore don’t know how many bags are reused. Network impact assessment using IPCC
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When we started this approach, we were thinking about 
the possibilities to save the waste of raw wood in a large 
series production. The therefore developed strategy led 
us to the second approach of trying to use as few com-
ponents as possible in the manufactured chair.

We started with the following briefing development 
process:

Puzzle Chair: 
- Easy assemblage and disassemblage; no screws, no 
glue.

- Easy transport of small size parts: a nomadic chair that 
is able to move with a global citizen.

Cut + Cast the offcut: 
- Using the offcut from cutting particular parts to pro-
duce other parts > processing waste wood

- Wood particles (waste wood): Benefit from ability to 
create a complex shape without CNC milling and with-
out waste by casting wood waste.

- Identic parts that allow to produce using one mold 
only (efficient production even in small quantity).

Sketches and studies.

with CUT + OFFCUT

PLUG AND PLAY
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tree log

lumber

processed
solid wood
(sawing / CNC
milling)

part for
CHAIR SOLID WOOD

waste

waste

tree bark + slab

sawmill shavings
+ sawmill dust

residual wood
+
bioresin

shredded residual
wood casted in
mould

part for
CHAIR CASTED WOOD PARTICLES
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elevation Cut + Offcut Chair elevation part B

part A + part B

component layout
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Further development possibilities:
Variation of assemblage with same parts.

The problems:
The biggest challenge of this design approach were the 
joints since the application of simple plug-in system are 
limited in stability.

This concept was elaborated in two days, analyzing the 
structure, stability and material.

Concering material, a main effort was alsi on the new 
composite of the waste of solid wood plus bio-resin. We 
made this material by hand without machine assistance. 
Therefore the result of this mix is not a 100% perfect. Us-
ing state of the art industrial processes and mold com-
pression would increase the result significantly.

Impacts on the 3 aspects of sustainability:
Social: Thinking about the social benefits, this chair 
shows how to enable interaction and fun of the cos-
tumer. It can be made from 3 different materials and 
each pieces’ material choice is totally independent. The 
product encourages the costumer to try to create a new 
shape. For the employees, this product provides knowl-
edge about the possibilities to re-use waste and how to 
transform it into a new composite.

Ecological: See comparison at the last section.

Economical: The approach of using as few different 
(casted) parts as possible closely deals with economi-
cal sustainability of this product. Considering that re-
usable casting moulds for industrial manufacturing are 

very cost-intensive, the need of only one mold for all 
the frame parts enables economical production even in 
small quantity.



the woodies ETH Sustainability Summer School 2011 – All just rubbish?38



the woodies ETH Sustainability Summer School 2011 – All just rubbish?39

came up with are hard to classify, but they can be loose-
ly group as follows:

1. Creating empathy - this can be achieved by allowing 
the user to better understand a product, perhaps by in-
forming them about its origins and manufacturing pro-
cess.

2. Facilitating customization and personalization - this 
can be as simple as surface decoration, or as complex as 
form manipulation through re-configuration of modu-
lar components.

3. Designing long lasting, evolving and interactive ex-
periences - this is done by maintaining some mystery 
and allowing users to discover features and behaviours 
over time.

4. Providing a range of after-sales services - this can in-
clude things such as repair and maintenance and prod-
uct take-back.

In our consumer society we typically have very short, 
and often meaningless, relationships with the objects 
that we acquire obsessively and subsequently discard 
thoughtlessly. The focus of our exploration was to dis-
cover how we can foster more satisfying human-object 
relationships. We initially speculated that by creating 
deeper experiences and relationships, we can extend 
the lifespan of products and shift consumer behaviour 
to replace objects less frequently.

Considering the topic of this summer school workshop 
- wooden furniture - in particular chairs, we concentrat-
ed on how design could influence the interactions be-
tween people and their chairs. We were also interested 
in exploring how product and service design could help 
to grow relationships between consumers and chair 
manufacturers.

Unlike many of the objects that surround us, a wooden 
chair is somehow inherently less prone to being super-
seded by the next technological innovation or discard-
ed when it’s surface is slightly marred. From the day we 
purchase an impossibly glossy smartphone, it becomes 
less and less beautiful with each scrape and crack, a 
wooden object on the other hand ages with grace - a 
scratch or dent adds character and tells a story.That be-
ing said, a wooden chair is by no means immune to the 
frivolous nature of consumers. They can still fall due to 
changing trends and fashion, or once they no longer en-
gage or stimulate their user.

The question we asked ourselves was “how can design-
ers and manufacturers create emotional bonds between 
consumers and the chairs they buy?”. The answers we 

Enhanced product lifetime through emotional bond
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Two examples are shown in detail. These are examples 
of how the user could better understand a chair with the 
help of certain design tools.

Chair tags
The chair tags made from waste plywood could be at-
tached to the chair before shipping it or be part of the 
maintenance instructions. They explain one specific as-
pect of the chair’s story in detail. On their back would 
be a small map depicting the origins of the different 
materials used in production. The main goal of these 
tags would be to arouse the user’s curiosity. This could 
be reached by offering opportunities to find out more 
about the chair by visiting a specific website or the local 
store.

Example for a wooden chair tag explaining a particular aspect of the chair’s story

Creating Empathy
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Example for a wooden chair tag explaining a particular aspect of the chair’s story
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Example for a wooden chair tag explaining a particular aspect of the chair’s story



the woodies ETH Sustainability Summer School 2011 – All just rubbish?43

Example for the back side of a wooden chair tag explaining the origin of the chair’s material
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The chair story
Resellers usually remove any tags or sticker identifying 
the producer and especially the model’s name in order 
to prevent customers from visiting other stores and ask-
ing for their price for the same model. To make sure that 
the chair’s story could not get lost, it would be laser-en-
graved onto the lower side of the chair’s seat and could 
be viewed online. It would be accompanied by a dis-
tinct “name” and scannable code. This would allow the 
customer to find out how the chair he or her is sitting 
on every day has been made and to find out more by 
visiting a webtool or the local store. The code or name 
would also make sure that repair procedures and any 
after-sales services could happen in an easy way.

The chair’s story printed on the down part of its seat
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The chair’s story on mywoodies
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Product customization and personalization is not a new 
concept, people have always strived for uniqueness and 
individuality in their belongings. Typically this can range 
from ripping ones jeans to chopping and dropping a fif-
ties hot-rod. However, these are two examples of prod-
ucts being altered in ways that were never intended by 
the designer and are often limited to small specialized 
groups of individuals. When a product is designed with 
customization in mind, it can open a range of possibili-
ties and allow all consumers to participate.

By allowing users to customize their products and be in-
volved in the process, this generates a bond that would 
otherwise be absent with a mass produced version 
bought off the shelf.

In the case of wooden chairs we identified the following 
methods:

Physical form manipulation
Pre-sale: with online or in-store user toolkits, in the form 
of easily accessible CAD packages, users could manipu-
late designs which would then be manufactured using 
tools such as CNC machining, 3D printing and other on-
demand manufacturing techniques.

After-sale: allowing users to alter geometry and then 
solidify the form with either mechanical fasteners, ad-
hesives or some other process.

Online user toolkit for modular design configuration

Customization and Personalization



Subtitle
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Physical re-configuration
Pre-sale: with online or in-store user toolkits that would 
allow users to assemble parts from a library of compo-
nents and make material choices. An example of this is 
shown in the figure on the left which depicts a fictional 
website we mocked-up. It shows a users re-configuring 
a basic design from a kit of modular parts.

After-sale: ship a kit of parts that could be assembled in 
a variety of ways.

Finishing and decorating
Pre-sale: with online toolkits that allow users to make 
finishing, staining and painting options and make use 
mass customization techniques such as CNC machining 
the surface and laser engraving. An example of this is 
shown in the figure on the right of the customization 
page of our ‘Woodies’ website. It shows a users applying 
a laser engraved texture to their chair.

After-sale: products could be shipped unfinished and 
perhaps include instructions, materials and stencils that 
would allow users to do-it-themselves.

Online user toolkit for customization
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For a product to continue to engage users it must slowly 
reveal layers of experience and allow for interaction and 
discovery. Objects that fail to interest people for long 
often start off strong and finish poorly - meaning they 
present all they have to offer right away and leave users 
with no where else to go. Creating experiences and rela-
tionships that evolve tends to be easier with software or 
electronic products. ‘Inanimate’ objects, such as wooden 
chair, make it harder to build in layers of discovery or 
learning. Most of the ideas we came up with centered 
around making features less of obvious or concealing 
them in some way. This included printing images or in-
formation on the bottom of the chair, or perhaps mak-
ing a secret compartment that could contain instruc-
tions or tools for repair and maintenance.

The web tool mywoodies – an important aspect of woodies after-sales management

Long lasting, evolving and interactive experiences
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The figure on the right (top left) shows the possibilities 
for ordering and delivery we developed. An interested 
prospective customer could customize his chair on the 
webtool (see figure on the left) and thereby order it di-
rectly from the producer who would then take care of 
delivery. Another prospective customer could visit the 
store of his choice and profit from the same customiza-
tion possibilities as his web-able friend, with the added 
value of the professional advice from the salesman. In 
this case, the store would contact the producer via a 
similar webtool and the ordered chairs would then be 
delivered to the store. This way deliveries of furniture 
from different manufacturers would be possible.

The figure on the right (bottom left) illustrates alterna-
tives for minor repairs of a chair with a modular design. 
If the customer wished to exchange the defective part 
him - or herself - a spare part could be ordered via the 
webtool and delivered by post. All possible parts could 
be easily identified because each chair has a distinct 
“name”. Alternatively, a mobile repair crew could replace 
the defective part at the customer’s home. However, the 
customer could also bring the whole chair to his or her 
store of choice which would then take care of ordering 
the spare part and installing it.

The figure on the right (top right) depicts possible sce-
narios for major repairs. Either the customer could get 
a vehicle from the producer to pick up the chair to re-
pair, ordering it over the webtool, or the chair could be 
brought to the local store and would then be transfered 
to the producer. Of course, the store could also organize 
a pick-up at the customer’s location.

After-sales services system maps for order / delivery, minor repairs and major repairs

After-sales management
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The figure on the right demonstrates different scenarios 
for the end of the chair’s “first” life. The producer could 
offer a take-back system with various benefits for the 
customer. For example, new chairs could be sold with a 
certain discount in case old chairs are given back. Or the 
producer could simply take care of non-wanted chairs 
free of charge, liberate the customer from the burden 
of disposal or resale. This take-back system could also 
include local stores taking care of the chair’s transport 
from the customer back to the producer.

The distinct “name” engraved on the chair’s seat would 
make it possible to extend the relationship between 
consumer and producer to a new owner in case of re-
sales. This would include the guarantee that whoever 
owns a chair produced by the producer will always have 
access to all after-sales services.

After-sales services would allow the producer to keep 
track of their chairs and reach customers in an easy and 
almost informal way. Information about new products 
and services could be combined with some of the ap-
proaches mentioned above (see examples for the webt-
ool).

An important aspect of after-sales services is how stores 
can be included and what incentives would motivate 
them to be part of such a system. The most important 
impacts on sustainability by after-sales services are the 
extended lifetime due to efficient repairs and the pos-
sibility to keep track of chairs and take them back at 
the end of their life; of course, the impact then highly 
depends on what would happen to chairs that get re-
turned. After-sales services system map for take-back and second-hand market



the woodies ETH Sustainability Summer School 2011 – All just rubbish?51

Online user toolkit for repairs – the possible spare parts are automatically identified through the distinct identification code each chair has
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Social sustainability
Amongst the possibilities we discussed that would help 
create an emotional bond are approaches that illustrate 
and communicate how a chair has been produced. They 
emphasize the importance of each step of production 
and the people involved. For these workers, it would 
be very beneficial to know how important they are and 
that the customers using the chairs are aware of their 
contributions as well.

Ecological sustainability
See comparison at the end of the report.

Economical sustainability
In some cases, after-sales services can create a lot of rev-
enue. Obviously, implementation of such services also 
includes a substantial investment from the producer, 
but in the long term, the benefits should out weigh the 
costs. After-sales services provide various opportunities 
to keep connected to customers and inform them about 
new products from a producer they already know. Tak-
ing back old chairs also offers business opportunities 
by reusing parts or introducing a “used” or refurbished 
product line for new target groups.

Impact / Sustainability
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BYO Chair \ˈbaɪ oʊ - tʃɛər\

noun

1. Acronym for “build your own chair”; the action of

2. A chair partially or completely built by the owner, with 
the sheet of cut out pattern and instruction provided by 
the BYO Chair manufacture

example:

Lex got this super cool BYO Chair from his regional man-
ufacture today. The cut-out sheet was so light that he 
could bike with one hand and carry the BYO Chair in his 
other hand. At home with some simple tools, Lex assem-
bled the chair in under 15 minutes. He then added some 
fun personalize details before putting his new BYO Chair 
to the center of his living room with much pride and the 
immense reward of making something with his own 
hand.

model no.5

BYO Chair
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A contemporary chair’s fate is usually one of the follow-
ing three – an artifact from the hand and mind of an art-
ist/architect, or a consumer product born at an assem-
bly line. Anywhere in between exists the third category: 
mass produced designer chairs. The price of the chair is 
often a reflection of the amount of time and thought 
inserted into the design and production of it: unique 
artifacts cost more, handcrafted designer chairs cost 
less, mass produced do-it-yourself chairs cost even less. 
The environmental impact of the chair however, rarely 
correspond to this ranking of pricing if not entirely the 
opposite.

When visiting the benchmark chair’s manufacture, 
where most of the production is still done by the hands 
of highly experienced woodwork artisan, we were 
amazed by the strong human-object relationship cre-
ated during the production process. Such uniquely 
strong relationship is reflected in the market value of 
the benchmark chair. Inspired by the human-object re-
lationship we observed at the manufacture, the concept 
of the BYO Chair starts with the shifting of responsibility, 
craftsmanship and empathy between the manufacture 
and the end user.

Nothing more than the action of creation makes the most 
unique and strongest bond between the user and the chair.

design intents     
corresponding sustainability impact

minimize the number of components    
fast and easy assembly

use sheet material and optimize layout   
minimize production waste

use friction joints/eliminate metal connections  
lower impact during incineration

Introduction
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<<notes from design research and precedent studies
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The main method deployed for the BYO Chair prototype 
is full scale model building. By quickly moving back and 
forth from sketches to models, we were able to make 
quick modifications and test different form and con-
nections without compromising the understanding of 
the final scale in relationship to the human body. This 
method also made design critiques much more effec-
tive. The supervisor and other group members were 
able to quickly respond to the new versions by making 
comments, sketch ideas, or even directly marking on 
the models. The models were not treated as something 
precious; they were designed to be taken apart quickly, 
modified and reassembled to communicate and inter-
act with our ideas.

model no.1, no.2.1, no.3, no.4

Design Method
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Model #1.0
Model #1.0 is a brutal, quick full scale cardboard mock-
up for the potential layout. This first model is done with 
the intention of testing the following aspects of the BYO 
Chair: seat height, back height, shapes of the front and 
back legs according to the structural moment diagram, 
and most importantly, optimization of the layout by 
nesting the seat and back piece into the negative shape 
of the leg pieces. 

Model #2.0
Model #2.0 shifts modeling material from cardboard 
to foam-core. This model specifically looks at the fric-
tion joints for the first time. The back vertical support 
is now integrated to the four legs, which reduces the 
total number of components to 4. The two leg pieces 
interlock each other in place at 90 degrees with a finger 
joint in the center of the horizontal members. The 
shape of the members are further refined, reflecting 
the moment diagram of the structural load. 

Model #2.1
diagrams of geometry

Model #2.1 cuts the back piece into two halves, allow-
ing them to connect independently from each other to 
their corresponding back legs. Although many potential 
users respond positively to the aesthetically interesting 
form, this model is quickly put aside due to a conflicted 
interest in ergonomic principles. The ideal arc of the 
back piece should be no more than 3cm to 4 cm reclined 
from the two ends of the arc.

Model #3.0
This model is the first model that tests the back con-
nection with a 45 degree cut. The final pattern of all 
pieces with the exception of these cuts is resolved.

Model #4.0
A slighly more sober and grown up version. Consider-
ing the different end user groups and the fact that 
many potential BYO Chair owners would want a set 
of at least 4 for dinning purposes, this model tests the 
potential of making a symmetrical form to work.

Model #5.0
Moving on quickly from foam-core to plywood, this 
model alters the final cut pattern with consideration of 
the material quality, the thickness, the rigidity and po-
tential for bending. Changing to plywood also brings 
forward challenges in the limited access of tools we 
have. The final production of a typical BYO Chair would 
require a vector file of the final patter, and CNC milling 
machine. The vector file, prepared in AutoCAD, Rhino 
or any other vector based software, would be exported 
into mill paths that will guide the entire production of 
the 4 pieces. However due to constrain of time and ac-
cess to CNC mills, Model #5.0 is entirely produced by 
hand using a band saw, electric hand drill and hand saw.



the woodies ETH Sustainability Summer School 2011 – All just rubbish?60

Packaging, Distribution and Transportation
With optimized layout for the CNC mill path, one chair 
(four pieces) can be fit onto a single sheet material with 
the dimension of 1000mm by 600mm. The thickness of 
the material we used in the final model is 10mm. This 
dimension allows manufactures to design a handle in 
the middle of sheet by milling a void for easy handling. 
Because the chairs exit the manufacture in sheets, the 
transportation can be maximized by packing as much 
as 200 sheets, therefore 200 chairs onto one truck of 1 
ton capacity. The sheet BYO Chairs are distributed to 
regional certified dealers, from which end users can go 
pick them up. Packaging can be potentially avoided en-
tirely in this process. Users can be given a store credit if 
they use public transportation or riding a bike to and 
from their home to their regional dealers. 

Minimized Production Waste
The wasted material on each sheet is minimized to only 
about 7.5%. This means less production waste dur-
ing manufacturing process. The only real production 
waste resulted in producing BYO Chairs would be the 
saw dust from the CNC milling process. This saw dust 
can be easily recycled to produce by products such as 
particle bards and MDF. Perhaps more importantly, this 
7.5% of wasted material is in the hand of our end users. 
This is helpful in creating user awareness, by making the 
manufacturing process more transparent, more acces-
sible, and more relevant to our end users. On the other 
hand, additional product information can be engraved 
or printed on this marginal wasted material to promote 
better consumer behavior/awareness. 
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added values and sketches of prototypes

Issues and Potential Future Development
Load bearing capacity and structural stability are two 
key issues that yet need to be further experimented. We 
would like to test with different sheet materials such as a 
different plywood or particle board, or experiment with 
different construction method for the four legs. More 
specifically, Model #5.0 reveals stability issues associ-
ated with rotating motions. Using 1cm plywood, this 
model could afford up to 100kg vertical load without 
visible bending or structural damage. However, if the 
user twist his/her weight around by shifting left and 
right, or turning around, the user could feel severe in-
stability due to twisting/bending of the leg pieces. This 
issue could be resolved by either changing the material 
to a more rigid material, or increasing the thickness of 
the plywood.

Social, Economical and Environmental Impact
In conclusion, BYO Chair minimizes cost and increases 
social awareness by shifting the responsibility and hu-
man-object relationship from the manufacture to the 
end user. Since the process of making, transporting, and 
waste management of the chair is now shared respon-
sibility between end users, regional dealers and manu-
factures, the total social, economical and environmen-
tal value of the chair is increased. It is our objective to, 
through encouraging our user to build something with 
their own hand, using their own time, with their family 
and friends, perhaps borrowing a tool or two from their 
neighbors, the life span of the chair will be extended. 
BYO Chair will be more than just another chair. It will 
be the vehicle for reducing environmental impact and 
changing the consumer behavior of our society. 
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The main theme “modularity” approached by the group 
is linked to all steps of the life cycle of a chair. In design-
ing the product we had to consider the material and 
manufacturing, distribution and use and its end of life. 
After many sketches, we decided on our final design 
which we named Aeki chair. It may be completely dis-
assembled and does not need any other material than 
solid wood: all joints are made of wood dowels and pins.

Left: prototype of Aeki chair; above: first sketch of the modular system.

Modularity - Aeki Chair
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Raw materials
During the development of new ideas for a modu-
lar chair, we came up with designs that optimised the 
use of raw material. The shape of the parts should be 
conformed considering the dimensions of the material 
chosen in order to avoid waste produced. Following the 
theme of ‘wooden chairs’, we tried design a chair made 
entirely of wood. Accordingly, our basic final design uses 
only solid wood as raw material without the use of glue, 
screws or plywood - the wood that is environmentally 
harmful, but most commonly used in wooden furniture. 
We also considered the possibility of customising the 
seat and backrest, where solid wood can be substituted 
with waste wood. Further exploration of using waste 
wood without metals or glue as joints was carried out, 
though this posed as real challenge. A possible solution 
is to cut the waste wood into small pieces, and form it as 
the structure and the seat. 

Energy used
In terms of optimising the energy used in the manufac-
turing process, we developed ideas that reduced the to-
tal number of steps in the manufacturing process. Chair 
designs made out of only two parts of bent wood was 
explored as a possible solution to reduce energy used.
Similarly, other solutions to this problem such as using 
fewer parts were considered, but they weren’t devel-
oped further as most designs involved the use of bent 
wood which uses more energy than cutting. As an alter-
native, other designs were created such as substituting 
the bent wood with flat horizontal layers for the back-
rest and a chair that could be assembled by the user, 
reducing the energy in joining the parts. The Aeki chair 
follows this principle where its parts are easily assem-

bled and disassembled, reducing energy used in joining 
parts. Manufacturing the parts also uses less energy as 
compared to the benchmark chair, as there are fewer 
parts produced, and fewer steps in the manufacturing 
process.

Up: study of structures made of waste wood; left: chair made of two 
bent wood parts;  righ: back composed of layers Study of structure made of small pieces of waste wood.

Materials and manufacturing
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Packaging
Optimization of space was of particular importance in 
determining the packaging for the chair. For this pur-
pose, flat packs or foldable chairs were proposed as the 
best possible solutions to optimise space. Many designs 
were constructed based on these ideas, such as the pos-
sibility of a ‘twist and turn’ chair that is flat when unused 
and a foldable ‘director’s’ chair. Our final design also uses 
this concept, where all parts can be removed and flat 
packed into a cardboard box for packaging. Not only 
does this optimise space, it also is environmentally and 
economically better compared to the benchmark chair.

Distribution
Modularity facilitates better distribution of products. If 
the product is disassembled or folded for transportation 
and later assembled or unfolded by the user, the volume 
for distribution is drastically reduced. Many designs were 
examined based on the disassembly/assembly concept. 
However, one of the problems we faced was that the 
folding solutions made them look “cheap”, and we had 
some difficulty in coming up with a reasonable appear-
ance for a classy foldable table chair. To overcome this 
problem, we decided to develop a foldable seat made 
of small wooden triangular shapes knitted together by a 
natural fiber so it can be flexible as a form of ‘upgrading’ 
from a normal foldable chair (bottom right side). 

The Aeki chair is able to be completely disassembled 
and flat packed, which makes it easy for distribution.

 

Stacking Height
The Aeki chair does not need to be stackable, as it may 
be completely disassembled when not in use. This opti-
mises space and avoids possible problems due to stack-
ing issues.

65

Foldable chair inspired in the director chair. “Twist and turn” type of folding and foldable seat.

Distribution and use
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Short term versus Long term
In terms of lifetime, our final design has a long lifetime 
considering the replacement of parts. As the chair is easi-
ly disassembled, the user can replace each part at the end 
of its life. This increases the life span of the whole chair, 
as compared to the benchmark chair by at least 20 years.

While the lifespan of the whole chair is increased due to 
the replacement of parts, the individual parts are consid-
ered to have a low lifespan of 10-18 years (10 years for 
the legs, 15 years for the back and 18 for the seat) due 
to the fact that the parts are attached separately to the 
seat of the chair. Though the seat has the longest lifes-
pan, it is still expected to have a lower lifespan compared 
to the benchmark chair due to the frequent removal and 
attachment of the leg/back parts to the seat.

Downgrading
At the end of life of the Aeki chair, the user can either re-
place parts to make a new chair, remove the back to use 
it as a stool, or remove the legs to use it as a mat. Thus, 
the design allows extensive downgrading at the end of 
life, which prolongs its true end of life and makes it more 
sustainable.

Customization
Customisation was also considered as an important 
aspect in our designs. One of the ideas we had for cus-
tomisation was the seat or back made of small wooden 
triangular shapes knitted together by a natural fibre. In 
the Aeki chair, the shapes of the seat and backrest can 
be customised according to the client’s preference. The 
material of the chair can also be customised according to 
their preference.

66

Studies of options for customizing the backrest.

End of life
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Economical impacts
In terms of economic impacts, the Aeki chair would have 
lower costs compared to the benchmark chair due to 
lack of bending involved in the production process, and 
less parts in the chair.  

Further exploration
Other designs were also considered to improve the 
benchmark chair in terms of modularity. Other designs 
that involved flat packing, bent wood and waste wood 
were developed too. One of the designs we considered 
was a chair made entirely out of small parts of waste 
wood, with no glue and metal joints. The structure of 
the chair was considered extensively, but this was not 
developed further due to the structural challenges 
faced during the design stage (pictures on the right 
hand side). Further development of this concept can be 
considered, in order to reduce impact on environment 
further, and lower economic and social impacts too.

Studies of structures made only of waste wood, inspired in the bird nest.

Economical impacts considerations and further exploration
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Disassembled format for packaging. On top: 3 different possibilities of use;; left: top view; right: side view.

Aeki chair - Details
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BYO [Build Your Own Chair]
The concept of BYO Chair reinforces the user-object re-
lationship by encouraging the user to build his or her 
own chair with simple tools. Each BYO Chair comes in 
a flat sheet of plywood. It does not use any solid wood. 
It ships flat from the main manufacture to the regional 
wholesaler and can be easily picked up by a single per-
son with one hand. Therefore the user are encouraged 
to come and pick up the yet flat chair at his or her re-
gional wholesaler and transport the chair back home 
using public transportation or even riding a bicycle. This 
enables efficient distribution processes from the factory 
to the wholesaler and to the user. The designed pathing 
of the plywood minimizes production waste to less than 
7.5% by packing all four pieces of the chair components 
tightly together. By picking up and building their own 
chairs the users creates a deeper bond to the chair, help 
reducing the retail cost, and lower the overall environ-
mental impact. The electricity use depends on the CNC 
mill, thought it is only an estimation, but as we have no 
data we took a conservative approach. The lifetime is 
certainly shorter than the one of the benchmark chair, 
but as people would assemble the chair themselves 
they probably would treat the chair more carefully, 
which could increase the lifespan.

Enhanced product lifetime through emotional bond
The main impact on the environment is caused by the 
production process and input material and therefore 
depends on the actual design and production tech-
nique. The concepts and approaches we developed do 
not depend on one particular design of a chair, which 
is why it was not possible to assess the environmental 
impact.

Certainly, the use of websites and the engraving on 
parts of the chairs using laser-machines would mean a 
slightly higher use of energy.

However, an extension of the lifetime means that the 
impact on the environment in a reference time span 
gets lower. Additionally, the approaches aiming at keep-
ing track of the chair and increasing the take-back rate 
could also reduce the impact of disposal, even though 
this highly depends on the actual concept for what to 
do with the chairs when taken back (e.g. burn them, re-
sell them, etc.).

It was not possible to estimate how many years a chair’s 
life would be expanded by applying the concepts men-
tioned in this section. Extensive research on this topic 
would be necessary.

 

Plug & Play with cut and offcut
The impact evaluation of both methods Impact 2002+ 
and IPCC 2007 showed an impact reduction of more 
than 50% relative to the benchmark chair. Both meth-
ods evaluate electricity demand and transport to client 
as major impact factors. However both factors have a 
large uncertainty in this concept evaluation. As we do 
not have any particular numbers available on these 
aspects the same values of the benchmark chair were 
kept. Though presumably the electricity demand for 
this chair would differ from the benchmark chair as the 
production process does much as well.

Furthermore the product’s electricity demand depends 
on the chosen material type. The two offered options 
solid wood and particle board strongly vary in produc-
tion and procedure. Solid wood boards are low in en-
ergy demand for production. The tree logs are barked, 
cut and dried. However solid wood is high in energy de-
mand for procedure since it is CNC milled.

The production procedure of the particle board made 
out of residual wood contains more energy consuming 
steps. Nevertheless our product approach of casting 
the particle composite significantly reduces energy de-
mand of furniture manufacturing (A closer comparison 
of different wood based materials is provided in section 
“low-impact materials & optimized manufacturing”).

Using ReCiPe, the impact reduction relative to the 
benchmark chair is 25% only. Other than Impact 2002+ 
and IPCC 2007 in ReCiPe land occupation is considered 
too. Evaluating the solid wood option of our design this 
aspect worsens the impact of our chair.

Comparison of the alternatives to the benchmark chair
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Aeki Chair
As the Aeki chair uses solid wood instead of solid wood 
and plywood (benchmark chair), this reduces the im-
pact on the environment by almost 13 times (according 
to the IMPACT 2002+ Method). Also, less waste is pro-
duced, with the environmental impact just 12% of that 
compared to the benchmark chair. Though the lack of 
glue used in the chair does not have a large impact on 
the environment, it is still considered as a major aspect 
of this design concept as it reduces the human toxicity 
involved in the manufacturing process.

In terms of transport and distribution, the Aeki chair is 
considered to have a much lower impact on the envi-
ronment, due to the substitution of plastic packaging 
with cardboard and the load in each truck being 1.8 
times more than the benchmark chair.  The increased life 
span of the chair due to the replacement of parts allows 
it to have a lower environmental impact, of up to half 
the impact compared to the benchmark chair.

See the full comparisons to the benchmark chair for 
three chairs in the projects in the appendix.

Suggestion for a catchy illustration of object specific 
LCA data
When we started to analyze our benchmark chair in the 
first week, as shown in the section “Low-impact materi-
als & Optimized manufacturing”, we came up with the 
idea that it would be nice to have LCA data for every part 
of a chair in order to compare different designs accord-
ing to the different parts. The material use and also the 
resulting environmental impacts could be presented 
modularly as it is partly shown in the following figure. Sketch for a possible illustration of object specific LCA data
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Analysis using the IMPACT 2002 method

Appendix
Life Cycle Assessment of the benchmark chair



the woodies ETH Sustainability Summer School 2011 – All just rubbish?76the woodies ETH Sustainability Summer School 2011 – All just rubbish?76

Analysis using the ReCiPe method

Life Cycle Assessment of the benchmark chair
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Life Cycle Assessment of the benchmark chair

Analysis using the IPCC method
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Left: Aeki chair prototype; right: joint detail.

Aeki chair prototype
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Top view Back view Back rest detail

Aeki chair prototype
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Concept 1 - Plug & Play with cut and offcut

Benchmark 
chair 

[unit] % of impact
Score of impact 

assessment
Conceptual chair [unit]

Change in % / 
part

New score of 
impact assessment

New % of 
impact

Change in % of 
the impact

Solid wood (raw input) 8.6 kg 8.20 4.25E-04 11 kg 27.90697674 5.43E-04 21.00               12.81                 
Plywood (raw input) 1 kg 13.92 7.21E-04 0 kg -100 0.00E+00 -                   -13.92               
Glue 0.03 kg 0.47 2.43E-05 0 kg -100 0.00E+00 -                   -0.47                  
Chromium steel 0.12 kg 6.18 3.20E-04 0 kg -100 0.00E+00 -                   -6.18                  
Lacquer 0.2 kg 2.52 1.30E-04 0.2 kg 0 1.30E-04 5.04                 2.53                   
Eletricity 15 kWh 29.49 1.53E-03 15 kWh 0 1.53E-03 59.10               29.60                 
Oil heat 2.07 MJ 0.82 4.26E-05 0 MJ -100 0.00E+00 -                   -0.82                  
Waste (wood heat) 5.2 kg 18.01 9.33E-04 0 kg -100 0.00E+00 -                   -18.01               
Plastic packging 
(polyethylene)

0.4 kg 7.27 3.77E-04 0 kg -100 0.00E+00 -                   -7.27                  

Transport (client) 1.2 tkm 14.06 7.29E-04 1.2 tkm 0 7.29E-04 28.18               14.12                 
Disposal of lacquer 0.2 kg 1.94 1.00E-04 0.2 kg 0 1.00E-04 3.88                 1.94                   
Incinetarion of the 
chair

4.4 kg -3.43 -1.78E-04 11 kg 150 -4.45E-04 -17.20             -13.77               

Incinetarion of the 
plastic packing

0.4 kg 0.46 2.39E-05 0 kg -100 0.00E+00 -                   -0.46                  

Disposal of steel 0.12 0.10 5.06E-06 0 -100 0.00E+00 -                   -0.10                  
Life-span 20 years 100.00 5.18E-03 20 years 0 2.59E-03 100.00             -50.09               

Benchmark 
chair 

[unit] % of impact
Score of impact 

assessment
Conceptual chair [unit]

Change in % / 
part

New score of 
impact assessment

New % of 
impact

Change in % of 
the impact

Solid wood (raw input) 8.6 kg 50.88 1.47E+00 11 kg 27.90697674 1.88E+00 86.27 35.39                 
Plywood (raw input) 1 kg 21.62 6.24E-01 0 kg -100 0.00E+00 0.00 -21.62               
Glue 0.03 kg 0.31 8.82E-03 0 kg -100 0.00E+00 0.00 -0.31                  
Chromium steel 0.12 kg 2.23 6.45E-02 0 kg -100 0.00E+00 0.00 -2.23                  
Lacquer 0.2 kg 1.55 4.48E-02 0.2 kg 0 4.48E-02 2.05 0.50                   
Eletricity 15 kWh 8.41 2.43E-01 15 kWh 0 2.43E-01 11.15 2.74                   
Oil heat 2.07 MJ 0.58 1.69E-02 0 MJ -100 0.00E+00 0.00 -0.58                  
Waste (wood heat) 5.2 kg 2.73 7.88E-02 0 kg -100 0.00E+00 0.00 -2.73                  
Plastic packging 
(polyethylene)

0.4 kg 4.93 1.42E-01 0 kg -100 0.00E+00 0.00 -4.93                  

Transport (client) 1.2 tkm 8.26 2.39E-01 1.2 tkm 0 2.39E-01 10.95 2.69                   
Disposal of lacquer 0.2 kg 1.29 3.72E-02 0.2 kg 0 3.72E-02 1.71 0.42                   
Incinetarion of the 
chair

4.4 kg -3.66 -1.06E-01 11 kg 150 -2.64E-01 -12.13 -8.47                  

Incinetarion of the 
plastic packing

0.4 kg 0.76 2.18E-02 0 kg -100 0.00E+00 0.00 -0.76                  

Disposal of steel 0.12 0.11 3.30E-03 0 -100 0.00E+00 0.00 -0.11                  
Life-span 20 years 100.00 2.89E+00 20 years 0 2.18E+00 100.00 -24.56               

Benchmark 
chair 

[unit] % of impact
Score of impact 

assessment
Conceptual chair [unit]

Change in % / 
part

New score of 
impact assessment

New % of 
impact

Change in % of 
the impact

Solid wood (raw input) 8.6 kg 10.63 9.80E-01 11 kg 27.90697674 1.25E+00 31.90 -21.26               
Plywood (raw input) 1 kg 12.23 1.13E+00 0 kg -100 0.00E+00 0.00 12.23                 
Glue 0.03 kg 0.67 6.17E-02 0 kg -100 0.00E+00 0.00 0.67                   
Chromium steel 0.12 kg 5.86 5.40E-01 0 kg -100 0.00E+00 0.00 5.86                   
Lacquer 0.2 kg 4.06 3.74E-01 0.2 kg 0 3.74E-01 9.53 -5.46                  
Eletricity 15 kWh 24.19 2.23E+00 15 kWh 0 2.23E+00 56.74 -32.55               
Oil heat 2.07 MJ 1.99 1.84E-01 0 MJ -100 0.00E+00 0.00 1.99                   
Waste (wood heat) 5.2 kg 0.83 7.66E-02 0 kg -100 0.00E+00 0.00 0.83                   
Plastic packging 
(polyethylene)

0.4 kg 11.36 1.05E+00 0 kg -100 0.00E+00 0.00 11.36                 

Transport (client) 1.2 tkm 25.71 2.37E+00 1.2 tkm 0 2.37E+00 60.30 -34.59               
Disposal of lacquer 0.2 kg 5.49 5.06E-01 0.2 kg 0 5.06E-01 12.88 -7.39                  
Incinetarion of the 
chair

4.4 kg -12.17 -1.12E+00 11 kg 150 -2.80E+00 -71.35 59.18                 

Incinetarion of the 
plastic packing

0.4 kg 9.10 8.39E-01 0 kg -100 0.00E+00 0.00 9.10                   

Disposal of steel 0.12 0.02 2.06E-03 0 -100 0.00E+00 0.00 0.02                   
Life-span 20 years 100.00 9.22E+00 20 years 0 3.93E+00 1.00E+02 -57.36               

End-of-life

Extraction of 
raw material

Production

Production

ReCiPe 

End-of-life

IPCC 2007

Impact 2002+

End-of-life

Production

Extraction of 
raw material

Extraction of 
raw material

Benchmark chair and Plug & Play chair comparison
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Concept 1 - Plug & Play with cut and offcut

Benchmark 
chair 

[unit] % of impact
Score of impact 

assessment
Conceptual chair [unit]

Change in % / 
part

New score of 
impact assessment

New % of 
impact

Change in % of 
the impact

Solid wood (raw input) 8.6 kg 8.20 4.25E-04 11 kg 27.90697674 5.43E-04 21.00               12.81                 
Plywood (raw input) 1 kg 13.92 7.21E-04 0 kg -100 0.00E+00 -                   -13.92               
Glue 0.03 kg 0.47 2.43E-05 0 kg -100 0.00E+00 -                   -0.47                  
Chromium steel 0.12 kg 6.18 3.20E-04 0 kg -100 0.00E+00 -                   -6.18                  
Lacquer 0.2 kg 2.52 1.30E-04 0.2 kg 0 1.30E-04 5.04                 2.53                   
Eletricity 15 kWh 29.49 1.53E-03 15 kWh 0 1.53E-03 59.10               29.60                 
Oil heat 2.07 MJ 0.82 4.26E-05 0 MJ -100 0.00E+00 -                   -0.82                  
Waste (wood heat) 5.2 kg 18.01 9.33E-04 0 kg -100 0.00E+00 -                   -18.01               
Plastic packging 
(polyethylene)

0.4 kg 7.27 3.77E-04 0 kg -100 0.00E+00 -                   -7.27                  

Transport (client) 1.2 tkm 14.06 7.29E-04 1.2 tkm 0 7.29E-04 28.18               14.12                 
Disposal of lacquer 0.2 kg 1.94 1.00E-04 0.2 kg 0 1.00E-04 3.88                 1.94                   
Incinetarion of the 
chair

4.4 kg -3.43 -1.78E-04 11 kg 150 -4.45E-04 -17.20             -13.77               

Incinetarion of the 
plastic packing

0.4 kg 0.46 2.39E-05 0 kg -100 0.00E+00 -                   -0.46                  

Disposal of steel 0.12 0.10 5.06E-06 0 -100 0.00E+00 -                   -0.10                  
Life-span 20 years 100.00 5.18E-03 20 years 0 2.59E-03 100.00             -50.09               

Benchmark 
chair 

[unit] % of impact
Score of impact 

assessment
Conceptual chair [unit]

Change in % / 
part

New score of 
impact assessment

New % of 
impact

Change in % of 
the impact

Solid wood (raw input) 8.6 kg 50.88 1.47E+00 11 kg 27.90697674 1.88E+00 86.27 35.39                 
Plywood (raw input) 1 kg 21.62 6.24E-01 0 kg -100 0.00E+00 0.00 -21.62               
Glue 0.03 kg 0.31 8.82E-03 0 kg -100 0.00E+00 0.00 -0.31                  
Chromium steel 0.12 kg 2.23 6.45E-02 0 kg -100 0.00E+00 0.00 -2.23                  
Lacquer 0.2 kg 1.55 4.48E-02 0.2 kg 0 4.48E-02 2.05 0.50                   
Eletricity 15 kWh 8.41 2.43E-01 15 kWh 0 2.43E-01 11.15 2.74                   
Oil heat 2.07 MJ 0.58 1.69E-02 0 MJ -100 0.00E+00 0.00 -0.58                  
Waste (wood heat) 5.2 kg 2.73 7.88E-02 0 kg -100 0.00E+00 0.00 -2.73                  
Plastic packging 
(polyethylene)

0.4 kg 4.93 1.42E-01 0 kg -100 0.00E+00 0.00 -4.93                  

Transport (client) 1.2 tkm 8.26 2.39E-01 1.2 tkm 0 2.39E-01 10.95 2.69                   
Disposal of lacquer 0.2 kg 1.29 3.72E-02 0.2 kg 0 3.72E-02 1.71 0.42                   
Incinetarion of the 
chair

4.4 kg -3.66 -1.06E-01 11 kg 150 -2.64E-01 -12.13 -8.47                  

Incinetarion of the 
plastic packing

0.4 kg 0.76 2.18E-02 0 kg -100 0.00E+00 0.00 -0.76                  

Disposal of steel 0.12 0.11 3.30E-03 0 -100 0.00E+00 0.00 -0.11                  
Life-span 20 years 100.00 2.89E+00 20 years 0 2.18E+00 100.00 -24.56               

Benchmark 
chair 

[unit] % of impact
Score of impact 

assessment
Conceptual chair [unit]

Change in % / 
part

New score of 
impact assessment

New % of 
impact

Change in % of 
the impact

Solid wood (raw input) 8.6 kg 10.63 9.80E-01 11 kg 27.90697674 1.25E+00 31.90 -21.26               
Plywood (raw input) 1 kg 12.23 1.13E+00 0 kg -100 0.00E+00 0.00 12.23                 
Glue 0.03 kg 0.67 6.17E-02 0 kg -100 0.00E+00 0.00 0.67                   
Chromium steel 0.12 kg 5.86 5.40E-01 0 kg -100 0.00E+00 0.00 5.86                   
Lacquer 0.2 kg 4.06 3.74E-01 0.2 kg 0 3.74E-01 9.53 -5.46                  
Eletricity 15 kWh 24.19 2.23E+00 15 kWh 0 2.23E+00 56.74 -32.55               
Oil heat 2.07 MJ 1.99 1.84E-01 0 MJ -100 0.00E+00 0.00 1.99                   
Waste (wood heat) 5.2 kg 0.83 7.66E-02 0 kg -100 0.00E+00 0.00 0.83                   
Plastic packging 
(polyethylene)

0.4 kg 11.36 1.05E+00 0 kg -100 0.00E+00 0.00 11.36                 

Transport (client) 1.2 tkm 25.71 2.37E+00 1.2 tkm 0 2.37E+00 60.30 -34.59               
Disposal of lacquer 0.2 kg 5.49 5.06E-01 0.2 kg 0 5.06E-01 12.88 -7.39                  
Incinetarion of the 
chair

4.4 kg -12.17 -1.12E+00 11 kg 150 -2.80E+00 -71.35 59.18                 

Incinetarion of the 
plastic packing

0.4 kg 9.10 8.39E-01 0 kg -100 0.00E+00 0.00 9.10                   

Disposal of steel 0.12 0.02 2.06E-03 0 -100 0.00E+00 0.00 0.02                   
Life-span 20 years 100.00 9.22E+00 20 years 0 3.93E+00 1.00E+02 -57.36               

End-of-life

Extraction of 
raw material

Production

Production

ReCiPe 

End-of-life

IPCC 2007

Impact 2002+

End-of-life

Production

Extraction of 
raw material

Extraction of 
raw material

Benchmark chair and Plug & Play chair comparison
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Concept 3 - BYO chair

Benchmark 
chair 

[unit] % of impact
Score of impact 

assessment
Conceptual chair [unit]

Change in % / 
part

New score of 
impact assessment

New % of 
impact

Change in % of 
the impact

Solid wood (raw input) 8.6 kg 8.20 4.25E-04 0.000 kg -100 0.00E+00 -                   -8.20                  
Plywood (raw input) 1 kg 13.92 7.21E-04 4.000 kg 300 2.88E-03 55.82               41.89                 
Glue 0.03 kg 0.47 2.43E-05 0.020 kg -33.33333333 1.62E-05 0.31                 -0.16                  
Chromium steel 0.12 kg 6.18 3.20E-04 0.000 kg -100 0.00E+00 -                   -6.18                  
Lacquer 0.2 kg 2.52 1.30E-04 0.000 kg -100 0.00E+00 -                   -2.52                  
Eletricity 15 kWh 29.49 1.53E-03 18.000 kWh 20 1.83E-03 35.47               5.98                   
Oil heat 2.07 MJ 0.82 4.26E-05 0.000 MJ -100 0.00E+00 -                   -0.82                  
Waste (wood heat) 5.2 kg 18.01 9.33E-04 0.500 kg -90.38461538 8.97E-05 1.74                 -16.27               
Plastic packging 
(polyethylene)

0.4 kg 7.27 3.77E-04 0.000 kg -100 0.00E+00 -                   -7.27                  

Transport (client) 1.2 tkm 14.06 7.29E-04 0.800 tkm -33.33333333 4.86E-04 9.40                 -4.67                  
Disposal of lacquer 0.2 kg 1.94 1.00E-04 0.000 kg -100 0.00E+00 -                   -1.94                  
Incinetarion of the 
chair

4.4 kg -3.43 -1.78E-04 3.500 kg -20.45454545 -1.42E-04 -2.74                0.70                   

Incinetarion of the 
plastic packing

0.4 kg 0.46 2.39E-05 0.000 kg -100 0.00E+00 -                   -0.46                  

Disposal of steel 0.12 0.10 5.06E-06 0 -100 0.00E+00 -                   -0.10                  
Life-span 20 years 100.00 5.18E-03 10 years -50 5.17E-03 100.00             -0.23                  

Benchmark 
chair 

[unit] % of impact
Score of impact 

assessment
Conceptual chair [unit]

Change in % / 
part

New score of 
impact assessment

New % of 
impact

Change in % of 
the impact

Solid wood (raw input) 8.6 kg 50.88 1.47E+00 0 kg -100 0.00E+00 0.00 -50.88               
Plywood (raw input) 1 kg 21.62 6.24E-01 4 kg 300 2.50E+00 86.80 65.18                 
Glue 0.03 kg 0.31 8.82E-03 0.02 kg -33.33333333 5.88E-03 0.20 -0.10                  
Chromium steel 0.12 kg 2.23 6.45E-02 0 kg -100 0.00E+00 0.00 -2.23                  
Lacquer 0.2 kg 1.55 4.48E-02 0 kg -100 0.00E+00 0.00 -1.55                  
Eletricity 15 kWh 8.41 2.43E-01 18 kWh 20 2.92E-01 10.13 1.72                   
Oil heat 2.07 MJ 0.58 1.69E-02 0 MJ -100 0.00E+00 0.00 -0.58                  
Waste (wood heat) 5.2 kg 2.73 7.88E-02 0.5 kg -90.38461538 7.57E-03 0.26 -2.46                  
Plastic packging 
(polyethylene)

0.4 kg 4.93 1.42E-01 0 kg -100 0.00E+00 0.00 -4.93                  

Transport (client) 1.2 tkm 8.26 2.39E-01 0.8 tkm -33.33333333 1.59E-01 5.53 -2.73                  
Disposal of lacquer 0.2 kg 1.29 3.72E-02 0 kg -100 0.00E+00 0.00 -1.29                  
Incinetarion of the 
chair

4.4 kg -3.66 -1.06E-01 3.5 kg -20.45454545 -8.41E-02 -2.92 0.74                   

Incinetarion of the 
plastic packing

0.4 kg 0.76 2.18E-02 0 kg -100 0.00E+00 0.00 -0.76                  

Disposal of steel 0.12 0.11 3.30E-03 0 -100 0.00E+00 0.00 -0.11                  
Life-span 20 years 100.00 2.89E+00 10 years -50 2.88E+00 100.00 -0.36                  

Benchmark 
chair 

[unit] % of impact
Score of impact 

assessment
Conceptual chair [unit]

Change in % / 
part

New score of 
impact assessment

New % of 
impact

Change in % of 
the impact

Solid wood (raw input) 8.6 kg 10.63 9.80E-01 0 kg -100 0.00E+00 0.00 10.63                 
Plywood (raw input) 1 kg 12.23 1.13E+00 4 kg 300 4.51E+00 56.93 -44.70               
Glue 0.03 kg 0.67 6.17E-02 0.02 kg -33.33333333 4.11E-02 0.52 0.15                   
Chromium steel 0.12 kg 5.86 5.40E-01 0 kg -100 0.00E+00 0.00 5.86                   
Lacquer 0.2 kg 4.06 3.74E-01 0 kg -100 0.00E+00 0.00 4.06                   
Eletricity 15 kWh 24.19 2.23E+00 18 kWh 20 2.68E+00 33.77 -9.58                  
Oil heat 2.07 MJ 1.99 1.84E-01 0 MJ -100 0.00E+00 0.00 1.99                   
Waste (wood heat) 5.2 kg 0.83 7.66E-02 0.5 kg -90.38461538 7.37E-03 0.09 0.74                   
Plastic packging 
(polyethylene)

0.4 kg 11.36 1.05E+00 0 kg -100 0.00E+00 0.00 11.36                 

Transport (client) 1.2 tkm 25.71 2.37E+00 0.8 tkm -33.33333333 1.58E+00 19.94 5.77                   
Disposal of lacquer 0.2 kg 5.49 5.06E-01 0 kg -100 0.00E+00 0.00 5.49                   
Incinetarion of the 
chair

4.4 kg -12.17 -1.12E+00 3.5 kg -20.45454545 -8.92E-01 -11.26 -0.91                  

Incinetarion of the 
plastic packing

0.4 kg 9.10 8.39E-01 0 kg -100 0.00E+00 0.00 9.10                   

Disposal of steel 0.12 0.02 2.06E-03 0 -100 0.00E+00 0.00 0.02                   
Life-span 20 years 100.00 9.22E+00 10 years -50 7.92E+00 1.00E+02 -14.05               

Impact 2002+

End-of-life

Production

Extraction of 
raw material

Extraction of 
raw material

End-of-life

Extraction of 
raw material

Production

Production

ReCiPe 

End-of-life

IPCC 2007

Benchmark chair and BYO chair comparison
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Concept 3 - BYO chair

Benchmark 
chair 

[unit] % of impact
Score of impact 

assessment
Conceptual chair [unit]

Change in % / 
part

New score of 
impact assessment

New % of 
impact

Change in % of 
the impact

Solid wood (raw input) 8.6 kg 8.20 4.25E-04 0.000 kg -100 0.00E+00 -                   -8.20                  
Plywood (raw input) 1 kg 13.92 7.21E-04 4.000 kg 300 2.88E-03 55.82               41.89                 
Glue 0.03 kg 0.47 2.43E-05 0.020 kg -33.33333333 1.62E-05 0.31                 -0.16                  
Chromium steel 0.12 kg 6.18 3.20E-04 0.000 kg -100 0.00E+00 -                   -6.18                  
Lacquer 0.2 kg 2.52 1.30E-04 0.000 kg -100 0.00E+00 -                   -2.52                  
Eletricity 15 kWh 29.49 1.53E-03 18.000 kWh 20 1.83E-03 35.47               5.98                   
Oil heat 2.07 MJ 0.82 4.26E-05 0.000 MJ -100 0.00E+00 -                   -0.82                  
Waste (wood heat) 5.2 kg 18.01 9.33E-04 0.500 kg -90.38461538 8.97E-05 1.74                 -16.27               
Plastic packging 
(polyethylene)

0.4 kg 7.27 3.77E-04 0.000 kg -100 0.00E+00 -                   -7.27                  

Transport (client) 1.2 tkm 14.06 7.29E-04 0.800 tkm -33.33333333 4.86E-04 9.40                 -4.67                  
Disposal of lacquer 0.2 kg 1.94 1.00E-04 0.000 kg -100 0.00E+00 -                   -1.94                  
Incinetarion of the 
chair

4.4 kg -3.43 -1.78E-04 3.500 kg -20.45454545 -1.42E-04 -2.74                0.70                   

Incinetarion of the 
plastic packing

0.4 kg 0.46 2.39E-05 0.000 kg -100 0.00E+00 -                   -0.46                  

Disposal of steel 0.12 0.10 5.06E-06 0 -100 0.00E+00 -                   -0.10                  
Life-span 20 years 100.00 5.18E-03 10 years -50 5.17E-03 100.00             -0.23                  

Benchmark 
chair 

[unit] % of impact
Score of impact 

assessment
Conceptual chair [unit]

Change in % / 
part

New score of 
impact assessment

New % of 
impact

Change in % of 
the impact

Solid wood (raw input) 8.6 kg 50.88 1.47E+00 0 kg -100 0.00E+00 0.00 -50.88               
Plywood (raw input) 1 kg 21.62 6.24E-01 4 kg 300 2.50E+00 86.80 65.18                 
Glue 0.03 kg 0.31 8.82E-03 0.02 kg -33.33333333 5.88E-03 0.20 -0.10                  
Chromium steel 0.12 kg 2.23 6.45E-02 0 kg -100 0.00E+00 0.00 -2.23                  
Lacquer 0.2 kg 1.55 4.48E-02 0 kg -100 0.00E+00 0.00 -1.55                  
Eletricity 15 kWh 8.41 2.43E-01 18 kWh 20 2.92E-01 10.13 1.72                   
Oil heat 2.07 MJ 0.58 1.69E-02 0 MJ -100 0.00E+00 0.00 -0.58                  
Waste (wood heat) 5.2 kg 2.73 7.88E-02 0.5 kg -90.38461538 7.57E-03 0.26 -2.46                  
Plastic packging 
(polyethylene)

0.4 kg 4.93 1.42E-01 0 kg -100 0.00E+00 0.00 -4.93                  

Transport (client) 1.2 tkm 8.26 2.39E-01 0.8 tkm -33.33333333 1.59E-01 5.53 -2.73                  
Disposal of lacquer 0.2 kg 1.29 3.72E-02 0 kg -100 0.00E+00 0.00 -1.29                  
Incinetarion of the 
chair

4.4 kg -3.66 -1.06E-01 3.5 kg -20.45454545 -8.41E-02 -2.92 0.74                   

Incinetarion of the 
plastic packing

0.4 kg 0.76 2.18E-02 0 kg -100 0.00E+00 0.00 -0.76                  

Disposal of steel 0.12 0.11 3.30E-03 0 -100 0.00E+00 0.00 -0.11                  
Life-span 20 years 100.00 2.89E+00 10 years -50 2.88E+00 100.00 -0.36                  

Benchmark 
chair 

[unit] % of impact
Score of impact 

assessment
Conceptual chair [unit]

Change in % / 
part

New score of 
impact assessment

New % of 
impact

Change in % of 
the impact

Solid wood (raw input) 8.6 kg 10.63 9.80E-01 0 kg -100 0.00E+00 0.00 10.63                 
Plywood (raw input) 1 kg 12.23 1.13E+00 4 kg 300 4.51E+00 56.93 -44.70               
Glue 0.03 kg 0.67 6.17E-02 0.02 kg -33.33333333 4.11E-02 0.52 0.15                   
Chromium steel 0.12 kg 5.86 5.40E-01 0 kg -100 0.00E+00 0.00 5.86                   
Lacquer 0.2 kg 4.06 3.74E-01 0 kg -100 0.00E+00 0.00 4.06                   
Eletricity 15 kWh 24.19 2.23E+00 18 kWh 20 2.68E+00 33.77 -9.58                  
Oil heat 2.07 MJ 1.99 1.84E-01 0 MJ -100 0.00E+00 0.00 1.99                   
Waste (wood heat) 5.2 kg 0.83 7.66E-02 0.5 kg -90.38461538 7.37E-03 0.09 0.74                   
Plastic packging 
(polyethylene)

0.4 kg 11.36 1.05E+00 0 kg -100 0.00E+00 0.00 11.36                 

Transport (client) 1.2 tkm 25.71 2.37E+00 0.8 tkm -33.33333333 1.58E+00 19.94 5.77                   
Disposal of lacquer 0.2 kg 5.49 5.06E-01 0 kg -100 0.00E+00 0.00 5.49                   
Incinetarion of the 
chair

4.4 kg -12.17 -1.12E+00 3.5 kg -20.45454545 -8.92E-01 -11.26 -0.91                  

Incinetarion of the 
plastic packing

0.4 kg 9.10 8.39E-01 0 kg -100 0.00E+00 0.00 9.10                   

Disposal of steel 0.12 0.02 2.06E-03 0 -100 0.00E+00 0.00 0.02                   
Life-span 20 years 100.00 9.22E+00 10 years -50 7.92E+00 1.00E+02 -14.05               

Impact 2002+

End-of-life

Production

Extraction of 
raw material

Extraction of 
raw material

End-of-life

Extraction of 
raw material

Production

Production

ReCiPe 

End-of-life

IPCC 2007

Benchmark chair and BYO chair comparison
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Concept 4 - Aeki Chair

Benchmark 
chair 

[unit] % of impact
Score of impact 

assessment
Conceptual chair [unit]

Change in % / 
part

New score of 
impact assessment

New % of 
impact

Change in % of 
the impact

Solid wood (raw input) 8.6 kg 8.20 4.25E-04 8 kg -6.976744186 3.95E-04 13.76               5.57                   
Plywood (raw input) 1 kg 13.92 7.21E-04 0 kg -100 0.00E+00 -                   -13.92               
Glue 0.03 kg 0.47 2.43E-05 0 kg -100 0.00E+00 -                   -0.47                  
Chromium steel 0.12 kg 6.18 3.20E-04 0 kg -100 0.00E+00 -                   -6.18                  
Lacquer 0.2 kg 2.52 1.30E-04 0.2 kg 0 1.30E-04 4.54                 2.03                   
Eletricity 15 kWh 29.49 1.53E-03 10 kWh -33.33333333 1.02E-03 35.50               6.00                   
Oil heat 2.07 MJ 0.82 4.26E-05 2.07 MJ 0 4.26E-05 1.49                 0.66                   
Waste (wood heat) 5.2 kg 18.01 9.33E-04 3.5 kg -32.69230769 6.28E-04 21.88               3.87                   
Plastic packging 
(polyethylene)

0.4 kg 7.27 3.77E-04 0 kg -100 0.00E+00 -                   -7.27                  

Transport (client) 1.2 tkm 14.06 7.29E-04 1.2 tkm 0 7.29E-04 25.39               11.33                 
Disposal of lacquer 0.2 kg 1.94 1.00E-04 0.2 kg 0 1.00E-04 3.50                 1.56                   
Incinetarion of the 
chair

4.4 kg -3.43 -1.78E-04 4.3 kg -2.272727273 -1.74E-04 -6.06                -2.62                  

Incinetarion of the 
plastic packing

0.4 kg 0.46 2.39E-05 0 kg -100 0.00E+00 -                   -0.46                  

Disposal of steel 0.12 0.10 5.06E-06 0 -100 0.00E+00 -                   -0.10                  
Life-span 20 years 100.00 5.18E-03 20 years 0 2.87E-03 100.00             -44.61               

Benchmark 
chair 

[unit] % of impact
Score of impact 

assessment
Conceptual chair [unit]

Change in % / 
part

New score of 
impact assessment

New % of 
impact

Change in % of 
the impact

Solid wood (raw input) 8.6 kg 50.88 1.47E+00 8 kg -6.976744186 1.37E+00 75.27 24.39                 
Plywood (raw input) 1 kg 21.62 6.24E-01 0 kg -100 0.00E+00 0.00 -21.62               
Glue 0.03 kg 0.31 8.82E-03 0 kg -100 0.00E+00 0.00 -0.31                  
Chromium steel 0.12 kg 2.23 6.45E-02 0 kg -100 0.00E+00 0.00 -2.23                  
Lacquer 0.2 kg 1.55 4.48E-02 0.2 kg 0 4.48E-02 2.46 0.91                   
Eletricity 15 kWh 8.41 2.43E-01 10 kWh -33.33333333 1.62E-01 8.92 0.51                   
Oil heat 2.07 MJ 0.58 1.69E-02 2.07 MJ 0 1.69E-02 0.93 0.35                   
Waste (wood heat) 5.2 kg 2.73 7.88E-02 3.5 kg -32.69230769 5.30E-02 2.92 0.19                   
Plastic packging 
(polyethylene)

0.4 kg 4.93 1.42E-01 0 kg -100 0.00E+00 0.00 -4.93                  

Transport (client) 1.2 tkm 8.26 2.39E-01 1.2 tkm 0 2.39E-01 13.14 4.88                   
Disposal of lacquer 0.2 kg 1.29 3.72E-02 0.2 kg 0 3.72E-02 2.05 0.76                   
Incinetarion of the 
chair

4.4 kg -3.66 -1.06E-01 4.3 kg -2.272727273 -1.03E-01 -5.69 -2.03                  

Incinetarion of the 
plastic packing

0.4 kg 0.76 2.18E-02 0 kg -100 0.00E+00 0.00 -0.76                  

Disposal of steel 0.12 0.11 3.30E-03 0 -100 0.00E+00 0.00 -0.11                  
Life-span 20 years 100.00 2.89E+00 20 years 0 1.82E+00 100.00 -37.12               

Benchmark 
chair 

[unit] % of impact
Score of impact 

assessment
Conceptual chair [unit]

Change in % / 
part

New score of 
impact assessment

New % of 
impact

Change in % of 
the impact

Solid wood (raw input) 8.6 kg 10.63 9.80E-01 8 kg -6.976744186 9.12E-01 19.04 -8.41                  
Plywood (raw input) 1 kg 12.23 1.13E+00 0 kg -100 0.00E+00 0.00 12.23                 
Glue 0.03 kg 0.67 6.17E-02 0 kg -100 0.00E+00 0.00 0.67                   
Chromium steel 0.12 kg 5.86 5.40E-01 0 kg -100 0.00E+00 0.00 5.86                   
Lacquer 0.2 kg 4.06 3.74E-01 0.2 kg 0 3.74E-01 7.82 -3.76                  
Eletricity 15 kWh 24.19 2.23E+00 10 kWh -33.33333333 1.49E+00 31.05 -6.86                  
Oil heat 2.07 MJ 1.99 1.84E-01 2.07 MJ 0 1.84E-01 3.84 -1.84                  
Waste (wood heat) 5.2 kg 0.83 7.66E-02 3.5 kg -32.69230769 5.16E-02 1.08 -0.25                  
Plastic packging 
(polyethylene)

0.4 kg 11.36 1.05E+00 0 kg -100 0.00E+00 0.00 11.36                 

Transport (client) 1.2 tkm 25.71 2.37E+00 1.2 tkm 0 2.37E+00 49.50 -23.79               
Disposal of lacquer 0.2 kg 5.49 5.06E-01 0.2 kg 0 5.06E-01 10.57 -5.08                  
Incinetarion of the 
chair

4.4 kg -12.17 -1.12E+00 4.3 kg -2.272727273 -1.10E+00 -22.89 10.72                 

Incinetarion of the 
plastic packing

0.4 kg 9.10 8.39E-01 0 kg -100 0.00E+00 0.00 9.10                   

Disposal of steel 0.12 0.02 2.06E-03 0 -100 0.00E+00 0.00 0.02                   
Life-span 20 years 100.00 9.22E+00 20 years 0 4.79E+00 1.00E+02 -48.05               

End-of-life

Extraction of 
raw material

Production

Production

ReCiPe 

End-of-life

IPCC 2007

Impact 2002+

End-of-life

Production

Extraction of 
raw material

Extraction of 
raw material

Benchmark chair and Aeki chair comparison
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Concept 4 - Aeki Chair

Benchmark 
chair 

[unit] % of impact
Score of impact 

assessment
Conceptual chair [unit]

Change in % / 
part

New score of 
impact assessment

New % of 
impact

Change in % of 
the impact

Solid wood (raw input) 8.6 kg 8.20 4.25E-04 8 kg -6.976744186 3.95E-04 13.76               5.57                   
Plywood (raw input) 1 kg 13.92 7.21E-04 0 kg -100 0.00E+00 -                   -13.92               
Glue 0.03 kg 0.47 2.43E-05 0 kg -100 0.00E+00 -                   -0.47                  
Chromium steel 0.12 kg 6.18 3.20E-04 0 kg -100 0.00E+00 -                   -6.18                  
Lacquer 0.2 kg 2.52 1.30E-04 0.2 kg 0 1.30E-04 4.54                 2.03                   
Eletricity 15 kWh 29.49 1.53E-03 10 kWh -33.33333333 1.02E-03 35.50               6.00                   
Oil heat 2.07 MJ 0.82 4.26E-05 2.07 MJ 0 4.26E-05 1.49                 0.66                   
Waste (wood heat) 5.2 kg 18.01 9.33E-04 3.5 kg -32.69230769 6.28E-04 21.88               3.87                   
Plastic packging 
(polyethylene)

0.4 kg 7.27 3.77E-04 0 kg -100 0.00E+00 -                   -7.27                  

Transport (client) 1.2 tkm 14.06 7.29E-04 1.2 tkm 0 7.29E-04 25.39               11.33                 
Disposal of lacquer 0.2 kg 1.94 1.00E-04 0.2 kg 0 1.00E-04 3.50                 1.56                   
Incinetarion of the 
chair

4.4 kg -3.43 -1.78E-04 4.3 kg -2.272727273 -1.74E-04 -6.06                -2.62                  

Incinetarion of the 
plastic packing

0.4 kg 0.46 2.39E-05 0 kg -100 0.00E+00 -                   -0.46                  

Disposal of steel 0.12 0.10 5.06E-06 0 -100 0.00E+00 -                   -0.10                  
Life-span 20 years 100.00 5.18E-03 20 years 0 2.87E-03 100.00             -44.61               

Benchmark 
chair 

[unit] % of impact
Score of impact 

assessment
Conceptual chair [unit]

Change in % / 
part

New score of 
impact assessment

New % of 
impact

Change in % of 
the impact

Solid wood (raw input) 8.6 kg 50.88 1.47E+00 8 kg -6.976744186 1.37E+00 75.27 24.39                 
Plywood (raw input) 1 kg 21.62 6.24E-01 0 kg -100 0.00E+00 0.00 -21.62               
Glue 0.03 kg 0.31 8.82E-03 0 kg -100 0.00E+00 0.00 -0.31                  
Chromium steel 0.12 kg 2.23 6.45E-02 0 kg -100 0.00E+00 0.00 -2.23                  
Lacquer 0.2 kg 1.55 4.48E-02 0.2 kg 0 4.48E-02 2.46 0.91                   
Eletricity 15 kWh 8.41 2.43E-01 10 kWh -33.33333333 1.62E-01 8.92 0.51                   
Oil heat 2.07 MJ 0.58 1.69E-02 2.07 MJ 0 1.69E-02 0.93 0.35                   
Waste (wood heat) 5.2 kg 2.73 7.88E-02 3.5 kg -32.69230769 5.30E-02 2.92 0.19                   
Plastic packging 
(polyethylene)

0.4 kg 4.93 1.42E-01 0 kg -100 0.00E+00 0.00 -4.93                  

Transport (client) 1.2 tkm 8.26 2.39E-01 1.2 tkm 0 2.39E-01 13.14 4.88                   
Disposal of lacquer 0.2 kg 1.29 3.72E-02 0.2 kg 0 3.72E-02 2.05 0.76                   
Incinetarion of the 
chair

4.4 kg -3.66 -1.06E-01 4.3 kg -2.272727273 -1.03E-01 -5.69 -2.03                  

Incinetarion of the 
plastic packing

0.4 kg 0.76 2.18E-02 0 kg -100 0.00E+00 0.00 -0.76                  

Disposal of steel 0.12 0.11 3.30E-03 0 -100 0.00E+00 0.00 -0.11                  
Life-span 20 years 100.00 2.89E+00 20 years 0 1.82E+00 100.00 -37.12               

Benchmark 
chair 

[unit] % of impact
Score of impact 

assessment
Conceptual chair [unit]

Change in % / 
part

New score of 
impact assessment

New % of 
impact

Change in % of 
the impact

Solid wood (raw input) 8.6 kg 10.63 9.80E-01 8 kg -6.976744186 9.12E-01 19.04 -8.41                  
Plywood (raw input) 1 kg 12.23 1.13E+00 0 kg -100 0.00E+00 0.00 12.23                 
Glue 0.03 kg 0.67 6.17E-02 0 kg -100 0.00E+00 0.00 0.67                   
Chromium steel 0.12 kg 5.86 5.40E-01 0 kg -100 0.00E+00 0.00 5.86                   
Lacquer 0.2 kg 4.06 3.74E-01 0.2 kg 0 3.74E-01 7.82 -3.76                  
Eletricity 15 kWh 24.19 2.23E+00 10 kWh -33.33333333 1.49E+00 31.05 -6.86                  
Oil heat 2.07 MJ 1.99 1.84E-01 2.07 MJ 0 1.84E-01 3.84 -1.84                  
Waste (wood heat) 5.2 kg 0.83 7.66E-02 3.5 kg -32.69230769 5.16E-02 1.08 -0.25                  
Plastic packging 
(polyethylene)

0.4 kg 11.36 1.05E+00 0 kg -100 0.00E+00 0.00 11.36                 

Transport (client) 1.2 tkm 25.71 2.37E+00 1.2 tkm 0 2.37E+00 49.50 -23.79               
Disposal of lacquer 0.2 kg 5.49 5.06E-01 0.2 kg 0 5.06E-01 10.57 -5.08                  
Incinetarion of the 
chair

4.4 kg -12.17 -1.12E+00 4.3 kg -2.272727273 -1.10E+00 -22.89 10.72                 

Incinetarion of the 
plastic packing

0.4 kg 9.10 8.39E-01 0 kg -100 0.00E+00 0.00 9.10                   

Disposal of steel 0.12 0.02 2.06E-03 0 -100 0.00E+00 0.00 0.02                   
Life-span 20 years 100.00 9.22E+00 20 years 0 4.79E+00 1.00E+02 -48.05               

End-of-life

Extraction of 
raw material

Production

Production

ReCiPe 

End-of-life

IPCC 2007

Impact 2002+
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Extraction of 
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Benchmark chair and Aeki chair comparison
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