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1. Waste management

Background information Waste management

1.1 Solid waste management
Solid waste management
Solid waste management is the treatment and systematic control of waste through different processes. These 
processes are:
• Generation 
• Collection 
• Storage
• Transport
• Source separation
• Processing
• Treatment
• Recovery
• Disposal of solid waste

1.2 Generation
The MSW generation rate is influenced by economic development, degree of industrialization, public habits and 
local climate. All these type of factors are described as following: (Hoornweb & Bhadata, 2012)

• Architecture
 Architecture influences the composition of waste in several ways. In areas where the housing is 
constructed of mud brick and floors are not paved, there are large amounts of dust and soil in the waste. Also 
the lack of adequate toilets may increase the amount of excreta in waste. (Coffey & Coad 2010)
• Climate and geography
Climate can influence the amount of moisture content, amount and type of vegetation and the amount of 
leaves  in the solid waste. (Coffey & Coad 2010)
• Cooking and eating habits
In some countries the shops sell mostly prepared food in cans, frozen or wrapped in plastic. This means the 
wrapping creates a huge amount of waste. Rural areas and small communities, purchase their meat alive and 
vegetables grown in their own gardens. This is why the waste basically exist of organic waste. Still the different 
types of fruit and vegetables generate different amounts of waste, for example the skin of a banana or the skin 
of a watermelon. (Coffey & Coad 2010)
• Recycling and reuse
In rural areas, the waste is mostly fed to livestock and poultry because they mostly got organic waste. Other 
organic waste can be used as compost. Also food and drink containers are reused for household purposed. 
This means that the actually amount of waste is much less and only toxic products, broken food and drink 
containers, paper etc. is the composition of waste. 
In open dumps, waste pickers sort through waste to sell valuable metals and materials. All these practices create 
a different final composition of the waste in the open dumps than what the waste consists of the households. 
(Coffey & Coad 2010)
• Social factors
 Social factors influence different types factors:
 - Amount of kitchen waste
 - Amount of papers (newspapers, education, magazines)
 - Amount of plastic (wrapping material, plastic bags from stores etc.)
 - Wealth, the disposal of durable items (electronics, clothing etc.)

Figure 1;waste generation per type of country

Type of country MSW generation per capita per per-
son (kg/per day)

Total MSW generation per type of 
country (kg/per day)

Least developed countries 0,80 905.719.511
Developing countries 1,71 1.386.394.990
Newly industrialized countries 1,18 4.467.671.640
Developed countries 2,19 1.748.395.160
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1. Waste management

Figure 2;Waste composition in each type of country (kg/per day)

1.3 Collection
When?
There can be several reasons to apply a collection system at night including the following:
• In high dense cities some of the collection operations are carried out at night in order to avoid the traffic 

congestion and to increase the productivity.
• Waste is collected in the middle of the night so that no waste is left for the next morning.
• In high temperature areas it is more comfortable to work at night because in daytime the temperatures are 

very high and the sun is very strong.
• For culture reasons, waste collection is considered as an unpleasant occupation that should not be seen.
Though of these reasons collection at night got several disadvantages, including:
• In places of inadequate lighting, loading waste and sweeping streets can be difficult and dangerous. 

Female workers may be reluctant to work at night because of fears of harassment.
• Collection at night may require the operation of landfills at night, which may be difficult if there is inadequate 

lighting at the landfill. There is a higher risk of accidents. (Coffey & Coad, 2010)

Point of collection (Where?)
The point of collection refers to the location where the collection agency picks up the waste. The waste generator 
is responsible for taking the waste to the point of collection. There are three locations which can apply as a 
point of collection:
• In the street at a short distance from the generator’s property
 Community containers
 Block collection system
• In the street at the property boundary
 Kerbside collection
• Inside the property.
 Back door collection
 Collection from apartment buildings

Country Glass Paper Plastic Organic Metal Other Total
Least 
developed 
countries

                          
23.989.572 

                          
62.916.048 

                          
63.368.681 

                       
545.423.294 

                          
27.610.640 

                    
182.411.276 

                
905.719.511 

Developing 
countries

                          
62.740.478 

                       
242.483.468 

                       
158.377.314 

                       
619.943.748 

                          
61.044.789 

                    
241.805.193 

            
1.386.394.990 

Newly 
Industrialized 
countries

                       
194.675.935 

                       
540.296.255 

                       
433.083.421 

                    
2.216.202.130 

                       
153.765.775 

                    
929.648.125 

            
4.467.671.640 

Developed 
countries

                       
110.363.814 

                       
476.306.987 

                       
172.806.498 

                       
604.822.744 

                          
86.403.249 

                    
297.691.867 

            
1.748.395.160 

Total 391.769.799
                    
1.322.002.758 

                       
827.635.915 

                    
3.986.391.916 

                       
328.824.453 

                
1.651.556.460 

            
8.508.181.301 
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Description Community 
containers

Block collection Kerbside collection From inside the 
property

Householder co-operation in 
carrying refuse bins or bags

Yes Yes Yes No

Householder co-operation in 
emptying refuse bins

Yes Optional No No

Need for scheduled service No Optional Yes No
Waste pickers’ access to 
waste

Very high None High None

Average crew size (excluding 
driver)

1-2 (portable) 2-4 
(stationary)

1-2 1-4 2-6

Complaints regarding 
trespassing

No No No Yes

Level of service Low Fair Good Good
Collection cost per household Low Medium High Very high

 
Figure 3;Comparison of various methods of solid waste collection (adapted from Collection of MSW in developing countries 2010)

1. Waste management

• Regarding the appearance of the waste and any obstruction it may cause to traffic or pedestrians,
• Whether insects and rats will be able to breed in or near the storage facilities. (Coffey & Coad, 2010)
Some of these concerns can be solved by type of a container. Still economic issues also play an important role 
to eventually choose a point of collection with its type of container.  (Tibaijuka et. al, 2010)
Figure 57 in appendix 10.2 shows a comparison of various point of collection methods of solid wate management 
collection which can be used to choose for a type of collection 

Methods of loading and transporting waste (How?)
The methods used to load waste from the storage container into the collection vehicle must be given careful 
consideration because of the impacts on the cost of the service and the health of the labourers. Basically there 
are three ways to collect waste: direct collection, two stage collection and three stage collection. Figure 4 shows 
the three different collection systems of MSW in developing countries. 

• Direct collection
The collection where waste is loaded and directly with the same truck transported to a disposal site. 

• Two stage collection
The waste is collected by a small truck. This small truck transfers its waste into a bigger truck which 
brings the waste to a disposal site. 

• Three stage collection 
The waste is collected by small primary collection by people. These people bring the waste to small 
trucks in the area and eventually these small trucks transfer the waste into bigger trucks which transport 
the waste to disposal sites. 
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1. Waste management

 
Figure 4;Three different collection system (adapted from Collection of MSW in developing countries 2010)

1. Direct collection

Loading

Loading

transporting

transporting

transporting

Primary 
collection

transporting

Unloading at disposal site

Unloading at disposal site

Transporting to disposal site

3. Three stage collection

2. Two stage collection

Transfer

First transfer

Second transfer

1.4 Transportation 
Factors that should all be considered before a shortlist of possible vehicle types is prepared. 

• Waste generation rate 
• Waste density
• Waste volume per capita
• Waste constituents
• Transport distance and road conditions
• Loading heights
• Traffic conditions and restrictions
• Local manufacture and sustainability
• Level of service and willingness to pay
• Use of external advisors
• Labour involvement in decision making
• Transportation used in other sectors
• Computer software for vehicle solution
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In general there are transfer system similar like following:
• Transfer system
• Rendezvous system

There has been no investment in an infrastructure for the transfer operation. Basically the operators 
of the primary collection vehicles are instructed to wait for a secondary transport vehicle at a particular 
location and at   a particular time. This system is not efficient because always one of the two 
trucks has to wait. Also this type of system can be expensive because not one but two vehicles need to 
be maintained. 

• Loading from the ground
This type of transfer system is very basic. The transfer station consist of a flat area where the waste is 
dumped by primary collection vehicles. All this waste is loaded into the transport vehicle. The loading 
can be done manual, by shovels/forks or wheeled loaders. This entire system is very unhygienic 
and inefficient. Workers have to load the waste not ones but two times. Because of the unhygienic 
circumstances the waste is temporarily dumped, this type of transfer station should only be considered 
as an emergency station. When there is absolutely no money to maximize the efficiency and minimize 
the pollution on long term this type of  system can be applied. 

• Split level transfer stations
Conventional split level transfer stations consist of ramps which the primary collection vehicle drive up to 
discharge their loads into the next transportation vehicle or container. This ramp needs to be designed in 
a way the vehicle can go up easily. Sometimes elevators and conveyors are used to rais the waste into 
hoppers so the primary collection vehicles can discharge at ground level. This type of transfer station has 
some negative elements. The systems take up large areas of land so mostly they are located away from 
the city. Which creates long travel distances and this will create a more expensive system. The system 
has problems with noise, litter and odours because it is an open system where waste will be blown away 
by wind. 

• Pit and hoist type small transfer stations (STS)
This type of transfer station is a system which creates several small transfer stations into city centers. 
The overhead electric hoist deposits large open-top containers into a pit in the ground so the top of the 
container is at ground level. The collection vehicles can tip their loads directly into the containers without 
the need for manual handling or special high-tipping mechanisms. The capacity of this container is 
matched to the carrying capacity of the secondary transport trucks. There are weigh cells applied at the 
bottom of the pit to  determine the weight of the wastes in the containers, so containers can be 
filled to their maximum load capacity. 
If the containers are full, the containers are lifted up and the secondary transportation vehicle picks the 
containers up. This type of transfer station is easy, efficient and completely closed. This closed way of 
working creates a clean and more healthy circumstances for the environment and workers. And very 
suitable for dense areas in cities. 

• Container-to-container transfer systems
A container to container transfer system is mostly introduced into small towns where a three-stage 
collection system is used. The waste is collected in movable community containers or type of bins by 
communities. Then small tractors pick up this waste and bring it to another bigger container which will 
be picked up by bigger trucks. 

 
Figure 5;Pit and hoist transfer station © Collection of 
MSW in developing countries 2010

1. Waste management
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2. Low-tech & High-tech

2.1 Low-tech and high-tech production processes
Because the massive amount of examples about products made out of waste, an overview is made for building 
materials made out of waste. From each type of waste, several products are searched and defined in appendix 
15. In order to describe some products from each waste components only plastic, paper, organic waste and 
combined waste are chosen. From each waste components, two products are chosen (one high-tech and one 
low-tech) and described below. This paragraph shows alls the production processes. 

PET-bottles 
seperation

Compressed 
into bales

Brought to 
Miniwiz

PET-bales are 
released and 

sorted on 
quality

Crushed into 
flakes of 1 cm

Washed & 
unlabeled

Heated up 
inside an 
injection

Remoulded 
into parison

Pollibrick 
formed with 

hot air 
compression

Sorting process

Preparation process

Production

Gathering process

Collected 
waste

Separation 
plastic of 

waste
waste

Manual 
Sorting 
machine

Sorting 
machine

Compression 
machine

Crusher

Detergents 
Temperature < 40 C

Half of flakes 
are heated up 

into PET 
pellets

OTHER HALF 
STAYS FLAKES

Tank

Figure 7; Production process Pollibrick

1. Pollibrick
Plastic
1. Pollibrick by Miniwiz: The high-tech production process of pollibrick 

is a long process. First the PET-bottles are being sorted, washed, 
unlabelled and eventually crushed into flakes. Some of these flakes 
are heated up into pallets and eventually both of them are injected 
in a machine, heated up and remoulded into a parison. With hot air 
this parison is formed into the shape of a pollibrick. The pollibricks 
are stacked up and create together a façade which responds on 
heat-changes and can ventilate buildings in a natural way. The entire 

Figure 8; Pollibrick, Miniwiz Figure 9; Pollibrick, Miniwiz
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Figure 10; Plastic bottle house, eco-tec

Collected 
waste

Separation 
plastic of 

waste
Storage

PET-bottles 
separation

PET-bottles 
quality 

sortation

Brought to 
construction 

site

Final 
product

waste

Manual 

Sorting process

Preparation process

Production

Gathering process

filled

Manual 

PET-bottles 
are stacked in 

NET 
construction

Sand or waste

Foundation 
built

Net support 
built

Walls are 
plasteredConcrete

Nylon nets

Manual 

Wooden 
support

Manual 

Manual 

2. Plastic bottle house, eco-tec

2. Plastic bottle houses by eco-tec: companies like eco-tec are able to 
create  entire houses with plastic bottles (PET) without a pollutive 
industrial process. They fill the bottles with sand or other waste and 
stack them. They put masonry reinforcement between the pet-bottle 
layers in order to create a strong wall. Afterwards the structure is 
covered with a layer of clay or kept being a bottle façade to play with 
the light. This process is very easy and simple and does not produce 
any kind of energy. The only problem of this way of building is that it is 
not clear for how long these buildings can stand and if poor people, for 
example in Africa,  are able to maintain these buildings. This process 
is more or less a way of hiding waste in a building without thinking 

Figure 11; Plastic bottle house, eco-tec
Figure 12; Plastic bottle house, eco-tec
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Figure 15; Production process Paperbrick, Spain

Water
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Final 
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Figure 13;  Paperbrick, Spain

Paper
3. Paperbrick Spain: The University of Jaen gather cellulose waste from 

a paper mill, along with sludge which is left over from the purification 
process of the plant’s waste water. These two substances are mixed 
with clay, pressurized and eventually extruded in one long element. 
This element is sliced into bricks and fired in a kiln. Because the 
mechanical strength of the brick is very limited, this university is still 
experimenting with different production techniques (higher backing 
temperatures, different mixtures) in order to get a higher mechanical 
strength. The positive outcome of this brick is that it got a much lower 
thermal conductivity than traditional bricks. This means it gives the 
brick good insulating properties. (Martinez et.al, 2011) (Grozdanic, 2012) 

Figure 14; Paperbrick, Spain

3. Paperbrick, Spain
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Organic waste
5. Stak blocks by Oryzatech: The largest bio-waste crop in the world is 

rice straw. Rice straw is the part of rice which is left over in the fields 
as long grass after the rice is grown. This grass dries out and turns 
into straw. Before the next crop of rice can begin to grow, this straw 
needs to be cleared out of the field. This rice straw is an unwanted 
type of straw and rice plant owners mostly burn the straw each 
season. That is why Oryzatech tried to create a building blocks with 
this straw. In the world there are many low-tech examples of straw 
houses. They wanted to create a high-tech version with ‘Lego’ look-
a-like blocks. The straw is pressed together in a ‘Lego’ block. Straw 
is a very well insulating material so eventually these blocks are well 
insulating, strong and easy to assemble. (Oryzatech, 2009)

Figure 16; Stak Block, Oryzatech

Figure 17; Paperbrick, India

4. Paperbrick India: Rahul Ralegaonkar and Sachin Mandavgane are 
using a completely different production process. They created a 
mixture of 90% paper pulp waste with 10% cement. Eventually they 
pressed this mixture into molds and bake them outside in the sun. No 
electronic machinery is used to create the bricks, the entire process is 
low-tech and therefore very energy efficient. 

 The brick meets the Indian mechanical requirements and is half cost 
of normal bricks in India. This low-tech production process is more 
simple than the example of paperbrick Spain. The example of Spain 
does not reach its mechanical requirements. Therefore this example 
in India shows that it is possible a low-tech production process creates 
better quality then high-tech production process. (Matus, 2013) (Raut, 2011)

Figure 18; Production process Paperbrick, India
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4. Paperbrick India
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Figure 22; Production process Hempcrete blocks
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6. Hempcrete blocks

7. Loofah ‘high-tech’ panels

Figure 21; Production process Stak Block, Oryzatech
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6. Hempcrete: is a block made out of a mixture of hemp and lime. 
Together it forms a mixture which is produced like concrete and can 
be used like concrete on small scale like bricks. 

 The benefit of this final brick is that it can be used for construction 
and insulation. The compressive strength is around 1 MPa while the 
strength of concrete is between 17MPa and 138 MPa. 

 Because of this low strength hempcrete is more suitable as a structural 
filler material with high insulation properties.  

 The brick itself can be used as a structural wall on small scale but as 
soon as the wall got to have structural strength, extra reinforcement is 
necessary.  (Bombay Hemp Company, 2013) Figure 19; Hempcrete

Combined waste
7. Loofah panel high-tech: this is a building materials made from plastic 

PET bottles combined with loofah or corn husks combined with other 
materials. There is a special machine made which can melt plastic 
and combine it with the organic waste into a mixture. The mixture is 
poored and pressed on top of a bamboo plate. This combination of 
materials creates a strong insulating panel.

 This building materials also aims to increase the earning capacity 
of local women to start building these panels and selling them. In 
this way it is possible to create more independence and stable life 
for inhabitants. On very small scale the project has been applied in 
Paraguay. The project eventually failed because the price of PET 
bottles increased and therefore it was not anymore feasible to apply 
the loofah panels. The women could not any longer create an income 
with the loofah panels and therefore the project had to been stopped. 
(Meinhold, 2009) 

Figure 20; Loofah panel, ‘high-tech’

2. Low-tech & High-tech
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Figure 24; Production process Loofah panel, ‘high-tech’

Figure 25; Production process Loofah ´high-tech’ panels. 
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8.  Loofah ‘low-tech’ panels
8. Loofah panel low-tech. After the failed loofah panel high-tech, Elsa 

María Zaldívar Rolón tried to create the same type of panel but this 
time without plastic and in a more low-tech manner. 

 This new panel consist of crushed loofah and cassava starch waste 
together mixed with sand, water and castor oil. This mixture is put on 
bamboo panels. After a drying process a waterproof layer is made 
on top of the panel. This layer is ‘Baba de tuna’, a coating material 
created from soaking tuna which is kept in water for two or three 
days. The baba de tuna is a waste material from the tuna industry.  

 These building panels are fabricated locally and the system in total is 
low-cost with only manual production. (Smithsonian, cooper-Hewitt 2011) (Rolex 
awards, 2011)

Figure 23; Loofah panel, ‘high-tech’

2. Low-tech & High-tech
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3. MCA Report

3.1 MCA analysis
1. Method and assumption
A multi-criteria analysis, MCA, is comparing measurable sets of criteria to assess how far different options are 
achieving intended objectives. A MCA is an assessment method that tries to supply an unrefined view on the 
many different dimensions on the options. Still a MCA can integrate quantitative data like costs as one of the 
many dimensions into account. (Kirkels, 2012)
Key elements of the MCA method are the performance matrix, the weighing and the ranking process. The 
performance matrix gives an overview on the scoring of all evaluated options with respect to all criteria taken 
into account. In order to compare alternative options scoring on different criteria scales in different directions 
(trade-offs) it is necessary to put weights representing the relative importance associated with the respective 
criteria on the scoring results. (Kirkels, 2012)

Normally it is difficult to make judgments on different alternatives taking into account more than seven criteria at 
once. But a MCA can easily supply more than seven criteria. Therefore a MCA has its methodological problems 
that should be tested for their robustness in the sense of a sensitivity analysis. Hereby the robustness of the 
weighing factors are checked. An actor analysis checks how the ending scores will change when the products 
are analyzed in the view of different scenarios. (Kirkels, 2012)

2. MCA
Top goal MCA
In this MCA the goal of the study is to provide an insight in order to check what kind of products is the most 
suitable of all for the needs of slum areas. The top goal is stated as follows: which out of the different products 
made out of waste is the most suitable for slum areas in emerging countries in terms of availability, low-cost, 
high-tech quality and improvement of current situation. 
Alternatives MCA
There are many different building products made out of waste made. The products are produces in a high-tech 
or low-tech way. In order to make a good comparison between all the options from each waste components only 
plastic, paper, organic waste and combined waste are chosen. From each waste components, two products are 
chosen and will be compared. Below all the products are described and chapter 4, explains the materials and 
their production processes in a more detailed way.

Plastic
1. Pollibrick: 
The high-tech production process of pollibrick is a long process. First the PET-bottles are being sorted, washed, 
unlabelled and eventually crushed into flakes. Some of these flakes are heated up into pallets and eventually 
both of them are injected in a machine, heated up and remoulded into a parison. With hot air this parison 
is formed into the shape of a pollibrick. The pollibricks are stacked up and create together a façade which 
responds on heat-changes and can ventilate buildings in a natural way. The entire process uses energy in each 
process and all the processes create emissions in the air. 

2. Plastic bottle houses: 
Other companies like eco-tec are able to create entire houses with plastic bottles (PET) without a pollutive 
industrial process. They fill the bottles with sand or other waste and stack them. They put masonry reinforcement 
between the pet-bottle layers in order to create a strong wall. Afterwards the structure is covered with a layer 
of clay or kept being a bottle façade to play with the light. This process is very easy and simple and does not 
produce any kind of energy. The only problem of this way of building is that it is not clear for how long these 
buildings can stand and if poor people, for example in Africa,  are able to maintain these buildings. This process 
is more or less a way of hiding waste in a building without thinking about the consequences for the poor 
inhabitants in the future.

This analysis has been applied in order to check what kind of material and production process is 
the most suitable of all for slum areas. In order to evaluate different building products made out of 
waste a multi criteria analysis, MCA, is used. A MCA is a structured approach used to determine 
overall preferences among alternative options, where the options accomplish several objectives. 
Furthermore, in the MCA desirable objectives are specified and corresponding attributes or 
indicators are identifies. 
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Paper
3. Paperbrick Spain: 
The University of Jaen gather cellulose waste from a paper mill, along with sludge which is left over from the 
purification process of the plant’s waste water. These two substances are mixed with clay, pressurized and 
eventually extruded in one long element. This element is sliced into bricks and fired in a kiln. Because the 
mechanical strength of the brick is very limited, this university is still experimenting with different production 
techniques (higher backing temperatures, different mixtures) in order to get a higher mechanical strength. The 
positive outcome of this brick is that it got a much lower thermal conductivity than traditional bricks. This means 
it gives the brick good insulating properties.

4. Paperbrick India: 
Rahul Ralegaonkar and Sachin Mandavgane are using a completely different production process. They created 
a mixture of 90% paper pulp waste with 10% cement. Eventually they pressed this mixture into molds and bake 
them outside in the sun. This process is low-tech and energy efficient. The brick meets the Indian mechanical 
requirements and is half cost of normal bricks in India. This example shows that the low-tech production process 
creates better quality than the example of Spain. 

Organic waste
5. Stak blocks: 
The largest bio-waste crop in the world is rice straw. Rice straw is the part of rice which is left over in the 
fields as long grass after the rice is grown. This grass dries out and turns into straw. Before the next crop of 
rice can begin to grow, this straw needs to be cleared out of the field. This rice straw is an unwanted type 
of straw and rice plant owners mostly burn the straw each season. That is why Oryzatech tried to create a 
building blocks with this straw. In the world there are many low-tech examples of straw houses. They wanted 
to create a high-tech version with ‘Lego’ look-a-like blocks. The straw is pressed together in a ‘Lego’ block. 
Straw is a very well insulating material so eventually these blocks are well insulating, strong and easy to 
assemble.
6. Hempcrete: 
is a block made out of a mixture of hemp and lime. Together it forms a mixture which can be used for construction 
and insulation. The compressive strength is around 1 MPa while the strength of concrete is between 17MPa 
and 138 MPa. That is why hempcrete is more suitable as a structural filler material.

Combined waste
7. Loofah panel high-tech: 
this is a building materials made from loofah or corn husks combined with other materials. This building materials 
should also increase the earning capacity of local women. Eventually loofah is combined with recycled melted 
plastic into a building panels. These panels where strong and it worked well. 
8. Loofah panel low-tech (without plastic): 
this panel is crushed loofah and cassava starch waste together mixed with sand, water and castor oil. This 
mixture is put on bamboo panels and on top of that ‘Baba de tuna’, material created from soaking tuna in water 
for two or three days, is applied to create a waterproof bond on the outside of the homes. These building panels 
are fabricated locally and the system is low-cost.

Selection of the objectives and the criteria
The MCA is divided into four sections, objectives. Each section contains a number of criteria, either of qualitative 
or quantitative type. The weighing factor indicates the importance of the effects with repect to each other. The 
second section does an analysis from the environmental perspective by analyzing the reduction of MSW waste, 
the emissions of greenhouse gases during production and emissions to water and soil during production. 
The social criteria evaluate the impact the product is having on local inhabitants, 
The criteria are the sections that will allow us to make a correct analysis of the eight alternatives proposed. The 
criteria on which is focused for:
Economics
Economics is a crucial factor in order to make a product a success on a market. A product for people without 
any money, means that the economic factors even influence more the success of a product than a product 
where the end user is able to pay an amount of money. 
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- Production local market
In order to create local economies in slum areas and to provide an economic boost for these situations, it is 
important that the production process is done in a local market. Another benefit from this criteria is that the price 
of the ending product will be lower because transportation is not needed. 
Each product can have a score in a range of 1 to 5. 1 is the lowest and 5 is the highest. The production in local 
market can have a range between defined as below. 
1. = No production in local market
2. = No production in local market but in corporation with local market which means the trading offices are in 
local areas. 
3. = Production in local market without local materials
4. = Production in local market with local materials.
5. = Production in local market with local materials produced by local slum inhabitants to create social income. 
Weighing factor
Production in local market is important for the product because it will try to improve the current economics of a 
country. It will create an income for slum inhabitants which at the moment they do not or barely have. Though 
this criteria will get a score of 5 because this criteria has to been taken into consideration but it is not the most 
improtant criteria. 

- Price
Because there are no prices known for each product. This criteria is involved in whether or not it will be 
expensive or cheap. It is based on their production process and the materials involved. The price can have a 
range between defined as below. 
1. = Expensive materials and production process not in local market (high transportation costs), therefore high 
final price.
2. = Expensive materials and production process but in local market, high final price
3. = Cheap material but expensive and complex production process, therefore final price is more or less neutral 
like as wooden panels. 
4. = Cheap production process with cheap materials, therefore low final price. 
5. = The production process and materials are available for free. 
Weighing factor
The final price of the product is one of the most important criteria. Slum inhabitants do not have any money and 
therefore it is impossible to buy materials for their houses. The weighing factor got a score of 15 because the 
main reason is that they can improve the technical state of their houses without any money themselves. 

- Costs
Costs involves the investment costs, production costs and costs to maintain the products quality.Slum 
inhabitants do not have any money now or in the future to maintain their house. It is not possible for them to 
invest in a product.
This criteria is also important to realise whether or not a product need maintenance. Because there are no 
quantitative data available, this criteria is based on whether or not the product needs maintenance and whether 
or not the materials to maintain the product are locally available. To keep the final price low it is also important 
the production costs are low.
1. = high investment costs, production costs and costs for maintenance, no profit out of it after several years.
2. = high investment costs, production costs and costs for maintenance.
3. = Investment costs, production costs and maintenance costs are needed but long lifespan 
4. = Investment costs, production costs and maintenance costs are needed but product keeps their value even 
after its lifespan expires or small investment costs needed but low production and maintenance costs. 
5. = No investment costs, production costs and costs for maintenance needed.
Weighing factor
The final price of the product is one of the most important criteria. Slum inhabitants do not have any money and 
therefore it is impossible to buy materials for their houses. This means the costs of the product/material have 
got to be as low as possible in order to keep the final price low. Therefore the weighing factor got a score of 10. 

3. MCA Report
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Environment
The reason for waste as a building product is to decrease the amount of waste in the world for housing 
purposes. Environmental effects of this product are crucial in order to check whether or not this product meets 
its requirements, or if it creates more waste and pollution in the environment. 

- Future use
A product made out of waste should have a goal for the future. Will it become waste again or is it possible to 
create new products out of this product? 
1. = Not possible to reuse, recycle or be threated in the SWM system the product after its lifetime expires
2. = Not possible to reuse or recycle the product after its lifetime expires, but possible to be included into the 
SWM system.
3. = The product can be reused for different purpose but it is not possible to recycle it into a new product.
4. = The product can be demolished and recycled into a different product
5. = The product can be demolished and recycled into the new product, technological cycle, or can go back to 
the biological cycle of nature.
Weighing factor
Future use is about if there is a plan after the lifespan expires. If the product/materials cannot be used anymore 
is it possible to recycle or to reuse the product for different purposes. If the product is creating more waste when 
its lifetime expire, than if a new product has been made this product is not helping the current waste problem. 
The weighing factor got a score of 5 because this criteria has to been taken into consideration but it is not the 
most important criteria. 

- Emissions
The emissions of greenhouse gases during production process are analyzed in MTCO2E/short ton. The 
emissions of greenhouse gases during the production process of polli-brick is no data available. But because 
the production process is very similar to recycling of plastic there is assumed that pollibrick emits the same 
amount of emissions as in other PT-bottle recycling processes. 
1. = 1,5  -  2     MTCO

2
E/short ton

2. = 1     -  1,5  MTCO
2
E/short ton

3. = 0,5  -  1     MTCO
2
E/short ton

4. = 0     -   0,5 MTCO
2
E/short ton

5. = 0          MTCO
2
E/short ton

Weighing factor
The weighing factor of emissions got a score of 10 because emissions is very important for a production 
process of a material. If the emissions during a production are very high, it might be possible that a material 
made out of new resources can be more clean than made out of waste and are more pollutive. 

- Waste created during production process
A product made out of waste is an initiative to reduce the current amount of waste. But when new waste is 
created in the production process, it might not be the solution for the current waste problem. 
1. = Toxic waste created during production process
2. = Waste created during production process, which cannot be recycled or reused. 
3. = Biodegradable waste created during the production/leftover product.
4. = Waste created during production process, which can be reused or is biodegradable. 
5. = No waste created, closed technical cycle
Weighing factor
The weighing factor got a score of 15 because waste created during production process needs to be limited. It 
is a goal to reduce the amount of waste by using waste, not to create more.  

Social criteria
The main goal is to create a building product for slum areas. This means it is a social goal which should meet 
some criteria.
- Health
Health is about the health influences of the product on human beings. Emissions can pollute human beings and 
the products should be safe. 
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1. = The product/material releases dangerous health emissions 
2. = The product/material releases emissions but are not dangerous for health
3. = It is unknown if the product/material releases emissions.
4. = Only dangerous emissions are released with cutting or sawing the materials
5. = No dangerous health emissions are released even not with cutting or sawing the material.
Weighing factor
The weighing factor got a score of 10 because health is important in slums. It has to be checked if a material is 
safe to use and whether or not harmful substances can be exposed to inhabitants. 

- Social improvement
An improvement of housing can help to improve the social problems in slum areas. Slum inhabitants can 
feel more safe with more proper housing situation. And in order to improve their current house it is a way of 
improving their current lifestyle. 
1. = No social improvement, only technical improvement
2. = A bit of a social improvement, the quality of houses is improvement and therefore the area looks more safe 
unless in the night.
3. = Social improvement, area is more safe during day and night.
4. = Social improvement, area is more safe and inhabitants are trying to improve the area themselves.
5. = Social improvement, area is more safe and inhabitants are trying to improve the area themselves and they 
have an income by creating the product/material themselves. . 
Weighing factor
The weighing factor got a score of 5 because it has to been taken into consideration but it is not the main goal of 
the material. In order to help social problems it is important to start with the most important problems of slums, 
quality of the houses. Later on when the houses are in an acceptable technical state, the entire area will have a 
more safe impression. It will be the next step to improve the entire lifestyle by helping to create an income and 
people should try to improve the entire area. 

Technology
The construction of the building product has to meet some technical criteria in order to be able to be used as 
a building product.
- Lifespan
The characteristic lifetime of a building product may be analysed from different points of view. But because we 
focus on slum inhabitants the meaning of lifetime is the time that the building products are functional, and still 
be able to protect inhabitants in their living situation without holes, broken elements etc. 
1. =   1 -  5 years or unknown
2. =   5 - 10 years
3. = 10 - 15 years
4. = 15 - 20 years
5. = 20 - ... years
Weighing factor
The weighing factor got a score of 10 because it is important for inhabitants to have a proper material. Though 
if the material can be easily replaced by a new cheap material with high technical standards, this is not the main 
priority.  But on the other hand lifespan is important cause slum inhabitants do not have money to buy a new 
product or to maintain current materials. Therefore a high lifespan is very desirable. 

- Reliability
The reliability of product is extremely important as it defines the quality. If a product is not reliable in its strength, 
fire-resistance and function it is not a suitable product for its use. 
1. = Unreliable, not sure what the consequences of the material/product are.
2. = The product/material is reliable when it is used for its own specific purpose.
3. = The product/material is reliable unless the material is adapted like cutted or sawed in. 
4. = The product material is reliable unless the lifetime is expanded or the material is damaged.
5. = Reliable even when the material is adapted or its lifetimes is expanded. 
Weighing factor
The weighing factor got a score of 5 because it has to been taken into consideration that any material applied 
should be reliable for the inhabitants. 
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- Practical to handle
Slum inheritance need a product with easy to maintain themselves. It is important to apply each material and in 
case something needs to be repaired they should be able to do it themselves. 
1. = Material cannot be adapted or it is unknown
2. = Material can only be adapted, applied and replaced by company because of complicated system.
3. = Material can be cutted and sawed into measurements that are needed, but dangerous toxics might be 
released.
4. = Material can be adapted (cutted and sawed) into measurements that are needed.
5. = Material can be fully remade and adapted by slum inhabitants with local available cheap material. 
Weighing factor
The weighing factor got a score of 10 because this criteria is one of the most important criteria. Inhabitants have 
to create and maintain their houses themselves. This means that the new product/material should be easily 
adapted to any seize so they can actually apply it in their current houses. Also not everyone is able to fix their 
houses like older people, children and pregnant women. Therefore this criteria is of high importancy cause even 
those people should be able to lift the material an apply it in their houses. 
The first section deals with economic factors, with its criteria of: low-cost production, maintenance cost, 
production in the local market. 

Demarcation of MCA study
A MCA is analyzing a number of different products made out of waste into considering various criteria. The top 
goal in this assessment is which products made out of waste is the most suitable for slum areas in emerging 
countries in terms of availability, low-cost, high-tech quality and improvement of current situation. 

MCA matrix
Evaluation matrix
In this chapter the evaluation matrix of the MCA is shown. The score of each variable is given in the matrix. 
Quantitative data is used wherever possible, but because of a lack of information mostly qualitative data is 
used. A five-point scale is used for the qualitative data, where five pluses indicate the best option and one plus 
indicates the least option. 
The +/- column indicates the direction of the effect. A ‘+’ means that a higher score is positive, a ‘-‘ means the 
opposite. 
The weighing factors are given in the last column. They indicate the importance of the effects with respect to 
each other. The results are weighted by dividing 100 points among all the effect. Because the weighing factors 
are assigned by the researchers view, they are open for discussion and that is why in the end an actor analysis 
is applied. This way it is checked when the weighing factors are created in a different view, how this influences 
the final results. 
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Polli
-brick

PT-
house

Paper-
brick 
India

Stak-
blocks

Hemp-
crete

Loofah 
high-
tech

Loofah 
Low-
tech

+/- W

Economics
Production 
local market 1-1 4-6 1-8 4-9 4-3 3-4 -5 5 5-2 -7 + 5

Price 1-1 4-6 3-8 4-9 3-3 3-4 -5 3 5-2 + 15
Costs 2-1 5-6 3-8 4-9 5-3 3-4 -5 3 5-2 + 10
Environment  
Future use 5-1 2-6 3-8 3-9 5-3 4-5 5 5-2 -7 + 5
Emissions 1-1 5-6 4-8 5-9 4-3 2-5 4 5-2 + 10
Waste created 
during
production

5-1 4-6 3-8 4-9 3-3 3-5 3 3-2 -7 + 15

Social  
Health 4-1 4-6 5-8 5-9 5-3 3-4 4 5-2 -7 + 10
Social 
improvement 1-1 2-6 2-8 2-9 2-3 2-4 5 5-2 -7 + 5

Technical  
Lifespan 5-1 1-6 1-8 1-9 1-3 5-5 4 3-2 + 10
Reliability 2-1 1-6 1-8 2-9 3-3 4-5 4 4-2 + 5
Practical to 
handle 2-1 3-6 4-8 4-9 3-3 4-5 5 5-2 + 10

Total                          100      

Figure 26; MCA evaluation matrix
Sources:
1. Miniwiz (2010). ‘Brochure Pollibrick’. Online available from: <http://www.miniwiz.com/miniwiz/images/
stories/  products/materials/pollibrick/pollibrick_brochure_english.pdf> (accessed 27-03-2013)
2.  Rolex Awards (2011), ‘Paraguayan Laueate’s new formula for loofah’. Online available from: <http://
blog.  rolexawards.com/2011/07/paraguayan-laureates-new-formula-for-loofah-housing/> (accessed 
10-06-2013)
3. Oryzatech (2009). ‘Stak Blocks, fact sheet’. Online available from: <http://www.oryzatech.com/
stakfacts.html> 
 (accessed 28-03-2013)
4. Bombay Hemp Company (2013). ‘Hemp building material, Hempcrete’. Online available from:
 <http://boheco.org/hemp-building-material/> (accessed 17-06-2013)
5.  Hempcrete Australia (2013). ‘Hempcrete properties and facts’. Online available from:
 http://www.hempcrete.com.au/pdf
6. EcoTec. ‘Plastic bottle houses’. Online available from:  <http://www.eco-tecnologia.com/portal/
proyectos.php>   (accessed 10-06-2013)
7. Smithsonian, Cooper-Hewitt, National Design Museum (2011). ‘Bamboo, Tacuara, Loofah panels’. 
Online   available from:
 <http://www.designother90.org/solution/bamboo-tacuara-loofah-panels/> (accessed 10-06-2013)
8. Martinez, C., Cotes, T., Corpas, F.A. (2011). ‘Recovering wastes from the paper industry: 
Development of   ceramic materials’. Elsevier, Online available at:<http:/dx.doi.org/10.1016/j.
fuproc.2011.10.017> 
 (accessed 02.04.2013)
9. Raut, S.P. et al (2011). ‘Reuse of recycle paper mill waste in energy absorbing light weight bricks’. 
Elsevier,   Online available at: <http:/dx.doi.org/10.1016/j.conbuildmat.2011.07.053> (accessed 
02.04.2013)

3. MCA Report



23

Qualitative data
No standardization is needed for qualitative data and the dominance score indicates as well how much better 
or worse option i is than option i’, taking into account the weighing factor w per effect j. 
A

ii’
 = sum w

j
  x sgn(n

ji
 – n

ji’
)

‘sgn (…)’shows whether a specific weighing factor should be added, subtracted, or neglected, and therefore 
can have the values of +, - and 0. The sign of the factor ‘sgn(…)’ depends on the direction of the effect. For a 
positive effect sgn(n

ji 
– n

ji’
) is:

= +, if n
ji
 has more + scores than n

ji’
= 0, if n

ji 
has the same number of +scores than n

ji’
= +, if n

ji
 has fewer + scores than n

ji’
For a negative direction the opposite is true for sgn(n

ji
 – n

ji’
). This formula assumes that the number of plusses 

contains no quantitative information: a score of four plusses is not twice as good as a score of two plusses. 
(Kirkels, 2012)

After these calculation the dominance scores for the qualitative and quantitative data are compared and the 
overall dominance score for each two-option comparison is calculated by using the following formula. In this 
formula Mii’ is the overall dominance score of option i with respect to option i’.
Mii’ = wqtdii’ + wqw§ii’ 

Quantitative 
variable

Pollibrick PT-
house

Paper-
brick India

Stak-
blocks

Hemp-
crete

Loofah 
high-tech

Loofah 
Low-tech

Pollibrick - -20 -25 -30 -45 -30 -35 -45
PT-house 20 - 30 -20 20 35 10 -40
Paper brick 
Spain

25 -30 - -60 -15 -5 -20 -65

Paper brick 
India

30 20 60 - 30 45 20 -50

Stakblocks 45 -20 15 -30 - 15 -5 -60
Hempcrete 30 -35 5 -45 -15 - -35 -60
Loofah high-
tech

35 -10 20 -20 5 35 - -35

Loofah low-
tech

45 40 65 50 60 60 35 -

A
ii’
 = sum w

j 
 x sgn(n

ji
 – n

ji’
) 

Variable Pollibrick PT-
house

Paper-
brick India

Stak-
blocks

Hemp-
crete

Loofah 
high-tech

Loofah 
Low-tech

Pollibrick -1,29 -1,61 -1,94 -2,90 -1,94 -2,26 -2,90
PT-house 1,29 1,94 -1,29 1,29 2,26 0,65 -2,58
Paper brick 
Spain

1,61 -1,94 -3,87 -0,97 -0,32 -1,29 -4,19

Paper brick 
India

1,94 1,29 3,87 1,94 2,90 1,29 -3,23

Stakblocks 2,90 -1,29 0,97 -1,94 0,97 -0,32 -3,87
Hempcrete 1,94 -2,26 0,32 -2,90 -0,97 -2,26 -3,87
Loofah high-
tech

2,26 -0,65 1,29 -1,29 0,32 2,26 -2,26

Loofah low-
tech

2,90 2,58 4,19 3,23 3,87 3,87 2,26
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3.2 Sensitivity analysis
3.2.1 Excluding of a criteria
The goal of a sensitivity analysis is to check if the final ranking might be influenced by uncertain data or small 
changes in the weighing factors. By excluding a criterion ones a time and calculating the overall dominance 
score again, there is a check of how solid the conclusion of the MCA is. (Kirkels, 2012)
In this MCA four criteria are selected that will be excluded; price, social improvement, lifespan and practical to 
handle.  The selection is made on the basis of unreliability of the data. 

Rank

Pollibrick 8
PT-house 3
Paper brick 
Spain

7

Paper brick 
India

2

Stakblocks 5
Hempcrete 6
Loofah high-
tech

4

Loofah low-
tech

1

These calculation provide the ranking of the alternative in the table below.

Original 
weight 
factor

Excluding 
price

Excluding
social 

Excluding 
lifespan

Excluding 
practical to 
handle

+/- Dimension

Economics
Production 
local market 5 6,5 5,5 6 6 Qualitative

Price 15 16,5 15,5 16 16 Qualitative
Costs 10 11,5 10,5 11 11 Qualitative
Environment   
Future use 5 6,5 5,5 6 6 Qualitative
Emissions 10 11,5 10,5 11 11 Qualitative
Waste created 
during
production

15 0 15,5 16 16 Qualitative

Social   
Health 10 11,5 10,5 11 11 Qualitative
Social 
improvement 5 6,5 0 6 6 Qualitative

Technical  
Lifespan 10 11,5 10,5 0 11 Qualitative
Reliability 5 6,5 5,5 6 6 Qualitative
Practical to 
handle 10 11,5 10,5 11 0 Qualitative

11,5 15,5

Loofah low-tech is number one followed by: paper-brick india, PT-house, 
Loofah high-tech, Stakblocks, Hempcrete, Paper brick Spain and Pollibrick. 
Before having a final judgment about the alternative, a sensitivity analysis is 
needed to check whether or not the applied weighing factors and criteria are 
reliable. 
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Overall Pollibrick PT-
house

Paperbrick 
spain

Paper-
brick India

Stak-
blocks

Hemp-
crete

Loofah 
high-tech

Loofah 
Low-tech

Original 8 3 7 2 5 6 4 1
Excluding 
price

8 5 7 3 4 6 2 1

Excluding 
social 
improvement

8
2 7 6 4 5 3 1

Excluding 
Lifespan

8 2 5 6 4 7 3 1

The exclusion of the different criteria will make a change in the weight from the other criteria. These weight 
changes the original 
calculation of rank are different. With the new weight factors there are made new calculations which can be found 
in [appendix ?]. In the next table there are the different ranks summed up. 

It becomes clear that all the criteria influences the final result. Still it is interesting that the influences are not that 
much when a criteria is excluded. Loofah low-tech comes out as the best option for each calculation. Pollibrick 
comes out as the least suitable option for each calculation. All the ranks in between te best and least preferable 
are more or less changing but no extreme changes are noticable. Still it can be concluded that all the criteria 
should be included cause they influence each other and the most preferable and least preferable are the same in 
each calculation, which becomes clear that they more or less score the best for each criteria. 

In order to check different perspectives and use of scenarios, another sensitivity analysis is applied.
This actor analysis is applied to check different perspectives and how the change of an actor influences the final 
result. 
Direct actors involved with new building products made out of waste are the government, companies/designers 
and slum inhabitants. Companies/designers will design a product, government/authorities will try to apply the 
product and slum inhabitants will use the product in the end. 

3.2.2 Actor analysis
The different actors, scenarios, will have a different view on the importance of the criteria, and the weighing factor. 
The choice of the weighing factors can be explained as follows: 

Government: the governments concern is the current waste problems and the grow of slum inhabitants. This 
means the waste created during production is important, the future use, the lifetime and the reliability of the 
product in order to make sure the product is also improving the living situation of slum inhabitants. Also production 
process in local market is important to make sure their own economy got positive outcome with the new product. 

Companies: Companies are interested in the economic benefits of their design as well as the reliability of the 
product. If the product is reliable this means the government and slum inhabitants will try to buy more of their 
product. This is why the costs for the company (investent, production costs) have got to be low and this is very 
important for them. Production in local market can be a benefit for the company if it saves transportation costs. At 
the same moment this is not a main issue for them, cause they want to create the product in any kind a country, 
as long as it is a cheap production process. 

Inhabitants: For inhabitants it is very important that the product is healthy, reliable and practical to handle. Also 
they need a social improvement in their living situations as well as getting a job. This is why also production 
in local market and social improvement have to score high. The product got to be cheap or being paid by the 
government. 
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Overall Pollibrick PT-
house

Paperbrick 
spain

Paper-
brick India

Stak-
blocks

Hemp-
crete

Loofah 
high-tech

Loofah 
Low-tech

Original 8 3 7 2 5 6 4 1
Government 6 4 8 2 5 7 3 1
Companies 8 3 7 2 4 6 5 1
Inhabitants 8 5 7 3 4 6 2 1

Original 
weight 
factor

Government Companies Inhabitants

Economics
Production 
local market 5 15 3 20

Price 15 5 5 6
Costs 10 5 25 5
Environment  
Future use 5 10 5 2
Emissions 10 15 15 3
Waste created 
during
production

15 20 15 7

Social  
Health 10 5 5 15
Social 
improvement 5 10 2 10

Technical  
Lifespan 10 2 5 2
Reliability 5 10 15 15

As can been seen on the diagram, the different views create a different outcomes except for loofah low tech 
design. Loofah low-tech comes out as the best option for each calculation. It is understandable that loofah 
low-tech comes out as the most preferable product for each different actor. It is a cheap product made in 
a low-tech manner with good technical outcomes. It is possible to create the product in a local market with 
local workers and keep the final price of the product low. Next to this it does not consist of harmfull pollutive 
substances or expensive materials. Therefore it is a clean product which got good insulating properties for 
inhabitants of slums. 
Pollibrick is a product with good technical properties, though it is a very pollutive production process which 
costs energy and the production process has to be done in one the factories of Miniwiz. Therefore it cannot 
been produced in a local market and the costs and price of the product are high because of the production 
and shipping costs. Only with the governmental view, pollibrick does not end up as the last preferable option. 
This is because the production process, this is because the production process does not create waste during 
production. It scores high on that point of view. Still though loofah low-tech wins and this shows the options 
might change but not as extreme that the winning option looses. 

3. MCA Report
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3.3 Conclusion
A final conclusion is that in all the calculations, loofah low-tech design comes out as the best option. This is 
understandable because it is designed from a social and economic view but it reaches the technical standards. 
The product is produced in a low-tech manner with cheap non-pollutive materials to create an income and 
better housing situation for poor inhabitants.  It does reaches the technical standards by applying organic waste 
which creates a high insulation value and with a natural tuna coating it is completely waterproof. 
Another interesting outcome is that all the products which are involved with plastic waste, come out as the least 
desirable option. This is mainly because of its pollutive production process and that the future use is mostly not 
defined. If plastic is applied as a material, it is therefore important to have a clear strategy for future use or it 
should be possible to recollect and recycle the material completely.
Also interesting is that the low-tech production processes per material comes out as ‘better’ options than the 
high-tech production processes per material. Loofah low-tech design scores much better than Loofah high-tech 
design and low-tech paperbrick India scores better than high-tech brick Spain. This is mostly because the low-
tech design got a cleaner production process and because the technical quality which the high-tech production 
processes do not achieve. This proves that a high-tech production process does not automatically means that 
the product itself got a high quality. 

3. MCA Report
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4. Panel production analysis

Different type of panels have been existing for years for example like plywood, chipboard etc. All 
these panels have their own specific production process. In order to create a production process 
for panels made out of waste, it is important to have knowledge about the current production 
process of all type of panels. Therefore an analysis has been done, to create an overview of 
production processes from all types of panels and also their final properties. 

4.1 Panel production analysis
Percentage binder/materials
Formaldehyde resin
All the type of panels that consist of a formaldehyde resin mor more or less have a binder percentage between 
10-40 %. It depends on the wanted properties of the panels to choose for a percentage. To create a more 
closed and waterproof panel, more percentage of binder is necessary. 
Cement
All the panels with a cement binder defer in percentage binder and material. The cement bonded chipboard 
consist of 60% cement while a cement fibre board consist of only 10-15% portland cement. This differences is 
chosen to create a completely different board. The compressive strength of the cement fibre board is much lower 
then the cement bonded chipboard. While the cement bonded chipboard got a much lower tensile strength. And 
therefore they are both suitable for completely different functions. 
Gypsum
All the gypsum boards are produced with more or less the same percentage of binder/materials. The percentage 
of gypsum is mostly between 80-90% while the filler is the other 10-20%. 
Insulating properties
Mostly wooden panels and composite panels got more or less the same insulating value.  Polymer panels are 
the least insulating because of their high density. The lower the density of the material, the better the RC-value 
of the material will be. 

Production process
Wooden panels
The wooden panels got all more or less the same production process. All these panels are compressed in high 
temperatures. 
All the formaldehyde binder panels use a compression strength of 5 kN/mm2 and more or less a compression 
temperature between 120 - 220 0C.Mostly the binder is used in a liquid manner, mixed with the wood chips/
veneer, heated up and compressed. The compression steel is also heated up in order to improve the binding 
properties. 
Composite panels
Composite panels all got more or less the same production process, which is based on plasterboard production. 
The differences in the method are more or less the pressure. Boards with a gypsum binder use a higher 
pressure, 15-30 N/mm2, than panels based on cement binders, 2,5 N/mm2. 
Polymer panels
Polymer panels use a production process with the same type of techniques as other plastic industries. This 
means: casting, extrusion, injection molding, vacuum molding etc. With these techniques several layers are 
produced and laminated into a bigger solid panel. This laminating process is based on the laminating techniques 
of the wood industry. 

Strength
First of all, all the type of binders are analysed on their strength and elastic modulus. It becomes clear, phenolic 
resin got the highest compressive strength and elastic modulus as well as one of the highest tensile strength. 
Urea formaldehyde resin got the best tensile strength but its compressive strength and elastic modulus is much 
lower than the rest. Gypsum and cement score low on the strength properties but got an overall good elastic 
modulus. If all the gypsum panels are analysed it becomes clear they basically all got the same properties and 
there are not big differences between the panels. 
Cement based panels nevertheless got different outcomes. Cement bonded chipboard got the best compressive 
strength but is very weak in its tensile strength as well as the flexural strength. While cement fibre board and 
calcium silicate board got a lower compressive strength but very good tensile strength. 
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Figure 27;Strength panels with their specific binders

Figure 28; Formaldehyde compressive strength
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Panels with a formaldehyde binder
Below are some graphs of a comparison between different wooden panels which all got a formaldehyde binder. 

4. Panel production analysis
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Because phenolic formaldehyde resin and urea formaldehyde resin got the best properties out of all.If the 
different wooden panels with a formaldehyde binder are compared it becomes clear they all got a compressive 
strength vary between 8 and 35 N/mm2. 
The tensile strength varies between 8 and 42 N/mm2. The elastic modulus got a bigger difference between 100 
and 4500.
Plywood, fibreboard hardboard and laminated veneer lumber got the best strength properties out of all. All 
three of them have in common that the production process has been done in laminating. They press each layer 
with the compression technique and eventually compress these layers together again. Also laminated veneer 
lumber and hardboard consist of a high percentage of resin compared to the other panels. This is an important 
fact cause this means if several layers are glued within each other, the overall panels is much stronger. 

Panels with a cement binder
Below are some graphs of a comparison between different panels which all consist of a cement binder.

Figure 29; Formaldehyde Tensile strength

Figure 30; Formaldehyde elastic modulus

4. Panel production analysis
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Cement bonded chipboard got a higher compressive strength but its tensile strength lower then the other 
cement based boards. These differences occur because of the percentage of cement used in all panels(cement 
bonded chipboard consist of 60% cement, cement fibre board consist of 10-15% and calcium silicate board 
consist of 40-50%). And it occurs because of the different additives. Cement fibre boards uses natural fibres as 
a filler while calcium silicate board uses calcium and special additives in order to improve its quality. Basically 
it becomes obvious that there are several ways to create cement based boards. And with special additives the 
strength can be improved. 

Figure 31; Cement board compressive strength

Figure 32; Cement board Tensile strength

Figure 33; Cement board Elastic modulus

4. Panel production analysis
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Panels with a gypsum binder
Below are some graphs of a comparison between different panels which all consist of a gypsum binder.
Gypsum based boards got more or less the 
same quality in its strength. This got several 
reasons, not only all the boards consist 
more or less of the same percentage of 
gypsum. But also they are all produced in 
the same way, a production process based 
on the plasterboard production. Therefore 
the panels do not defer from each other 
explicit. 

Conclusion
In the analysis it becomes clear the binder 
is the main factor of a product. It is possible 
to improve or change the properties of the 
board with additives or fibres used in the 
correct direct, like with the cement boards.
The formaldehyde based wooden boards 
make it obvious, the binder is the main 
factor of a panel combined with a proper 
production process. All the wooden boards 
consist more or less of the same amount 
of binder and the differences in strength is 
depends on their differences in production. 
All the panels got more or less the same 
production process, only the strongest 
panels consist of small layers which are 
laminated on top of each other. The solid 
pressed panels got lower strength then 
these ‘laminated panels’. Therefore an extra 
production process increases the quality of 
the final panel.
Gypsum boards also show the influence of 
the binder and production process. These 
boards consist more or less of the same 
percentage gypsum and the same type of 
production process. Therefore, the final 
quality of the panels is also more or less 
equal. 
Nevertheless, cement based boards all 
consist of different percentage cement. The 
cement boards improve their quality with 
additives or fibres. And in the end all got 
their own specific quality. 

It is also obvious all the type of binders used in panels got different production process. Formaldehyde based 
panels are produced with hot compression techniques, gypsum boards are all produced as a plasterboard 
technique and cement boards are cold compressed. 
Basically this means, the binder decides the production process. Of course the production process can be 
optimised to create an optimum panel. But the binder decides the pressing methods, temperature and its 
consistency. 

Figure 34; Gypsum board compressive strength

Figure 35; Gypsum board tensile strength

Figure 36; Gypsum board flexural strength

4. Panel production analysis
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Panel Materials Binder Type of 
binder

Pressure 
[N/mm2]

Pressure 
T [0C]

Drying T 
[0C]

Processes

Wooden panels

Plywood 83-88 %Hardwood or 
softwood veneer
6-8% binder
5-7 % water
2% paraffin wax

Yes Urea 
formaldehyde 
or phenol 
formaldehyde

5000 120-200 Hot laminating

Chipboard/
particleboard

90-94 %Woodchips, 
sawmill shaving or 
saw dust
6-10% binder

Yes Formaldehyde 5000 120-200 Compressing molding or 
continue extrusion. Top layer 
applied by laminating

Cement 
bonded 
chipboard/
particleboard

20% woodchips, 
sawmill, shavings 
or saw dust. 60% 
cement 20% water

Yes Cement 2,5 70-80% Cool compressing molding

Fibreboard
- Low density 
fibreboard
- High density 
fibreboard

70-90 %Wood chips
10-30% lignine

No - 5000 220 Preconditioned 
in oil bath for 
8-12 hours 155 
0C. Drying 160 
0C for 8 hours

Extrusion blow molding, 
formstation and final 
compressing

Medium density 
fibreboard, 
MDF

70-90 %Wood chips
10-30% lignine

Yes Formaldehyde 
(phenol or 
urea)

5000 120-200 Extrusion blow molding, 
formstation and final 
compressing

Oriented 
Strand Board, 
OSB

97-98 %Wood chips
2-3% binder

Yes Phenol 
formaldehyde 
(PF) and 
paraffine

5000
floor press: 
2500-3000 

220 Extrusion blow molding, 
formstation and final 
compressing

Laminated 
Veneer Lumber

60-80% Tree trunk 
wood veneer
20-40% resin

Yes Phenol 
formaldehyde 
(PF)

5000 120-200 Laminating and final warm 
compressing

Gypsum 
bonded 
chipboard

83-85% gypsum
13-15% wood fibers 
2% water

Yes Gypsum 2,5 - - Gypsum preprocesses, 
formstation and in the end 
cold compressing 

Composite panels

Cement fiber 
board

10-15% Portland-
cement minerals 
90-95% natural 
fibers as filler

Yes Cement - - - Mixture, formstation (rolling 
process), cold compressing.

Calcium silicate 
board

40-50 %Calcium 
silicate, cement and 
additives

Yes Cement 2,5 70-80 Mixture, formstation (rolling 
process), cold compressing.

Plasterboard 90% Gypsum 10% 
cardboard

Yes Gypsum 15-30 Mixture poured on cardboard, 
formstation (rolling process), 
Drying

Gypsum fibre 
board

80% gypsum, water 
20% paper fibers

Yes Gypsum 15-30 Mixture poured on cardboard, 
formstation (rolling process), 
Drying

GRFG - Glas 
fiber reinforced 
gypsum

80% Gypsum
20% glass fiber

Yes Gypsum 15-30 Mixture poured on cardboard, 
formstation (rolling process), 
Drying

Polymer panels

HPL high 
pressure 
laminate

Thermosetting resins 
and cellulose fibers

Yes Phenolic 
formaldehyde 
resin

10 170-180 High pressure & temperature 
compressed. Melamine layer 
laminated on top of panel. 

4.2 Panel production information

4. Panel production analysis
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4.3 Panel properties

Panel Density
[kg/m3]

Compression 
strength 
[N/mm2]

Tensile 
strength
[N/mm2]

Flexural 
strength
[N/mm2]

Elastic 
modulus

Thermal 
conductivity

Rc-value,
thickness 
10 mm 
[M2K/W]

Wooden panels

Plywood 300
500
700

23 42 5-120 2000-2500 0,09
0,13
0,17

0,11
0,08
0,06

Chipboard/
particleboard

300
600
900

15 10,6 17 2500-4200 0,07
0,12
0,18

0,14
0,08
0,06

Cement bonded 
chipboard/particleboard

1200 15 0,5 9 4500 0,35 0,03

Fibreboard
- Low density 
fibreboard (240-400)
- High density 
fibreboard (Below 900)

250
400
600
800

8
27

8
26

15
35

0-150
0-4500

0,05
0,07
0,1
0,14

0,20
0,14
0,10
0,07

Medium density 
fibreboard, MDF

400
600
800

- 0,5-0,65 15-23 1700-2700 0,07
0,1
0,14

0,14
0,10
0,07

Oriented Strand Board, 
OSB

OSB/2: 600
OSB/3: 620
OSB/4: 650

17,6 11,4 23 1400-3500 OSB/4: 0,13 0,08

Laminated Veneer 
Lumber

35 35 50 0,15 0,07

Gypsum bonded 
chipboard

1250 9,5 0,6-3,5 9 4000 0,24 0,04

Composite panels

Cement fiber board 1200
1600
1900

1,5 1,3-4,8 24-34 15000-17000 0,18
0,35
0,36

0,06
0,03
0,03

Calcium silicate board
Light: 450-500
Heavy: 850-900

450
870
900

2,4-9,3 1,3-4,8 3,1-7,8 1200-4200 0,08
0,17
0,29

0,13
0,06
0,03

Plasterboard > 800 5-10 1,0-2,5 5-10 0,25 0,04

Gypsum fibre board 1 layer: 
1000-1250
3 layer: 
1150-1350
3 layer SW: 
890-1090

9 2,5 5,8 0,32

0,35

0,2

0,03

0,03

0,05

GRFG - Glas fiber 
reinforced gypsum

850 9 2,5 5,8 0,286 0,03

Polymer panels

HPL high pressure 
laminate

1400 1,5 70-90 100-170 8000-10000 0,3 0,03

Polycarbonate 1200 80 60-70 70-100 2300 0,2 0,05

4. Panel production analysis
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Binder Consistency Properties Applications Specialties Toxic
Thermosetting resins

Epoxy resin polyepoxide Heat-resistance, 
strength, flow-
ability. 

Coating, terminal 
seal for halogen-
lamp, plastic cases 
ec. Rarely used 
alone as resin/
additive for an resin

Toxic, dangerous 
for skin

Polyimides High thermal 
stability, non 
flammability, 

Electronic industry, 
aircraft, automotive, 

Absorbs water, 
difficult to work with.

Toxics might 
release during 
production.

PVA-glue Polyvinyl acetate low thermal 
stability, low 
strength.
Cool compressing

Hobby and wood 
industry

Unfortunately does 
not bind all materials 
and textures. Looses 
strength during time

No toxicity 

Formaldehyde basis

Phenol formaldehyde Thermoplastic, 
phenol + 
formaldehyde --> 
methylene glycol

Warm compressing Plywood, OSB, 
Hardboard, 
Particleboard etc.

UV-resistant, water 
resistance

Small release 
of toxics, most 
formaldehyde is 
captured within the 
phenol

Urea formaldehyde Polymethylene High tensile 
strength
Warm compressing

Agriculture, foam 
insulation. 

UV-resistant Toxic, possibility 
for releasing 
formaldehyde

Melamine formaldehyde Methylated or 
methylol or non-
methylated

Warm compressing Finish smooth layer UV-resistant,  water 
resistance

Toxic, possibility 
for releasing 
formaldehyde under 
any circumstances.

Biobased resin

non-formaldehyde 
biobased phenolic resin

Bio-based bio-oil 
resole

Still in progress non UV-resistant

Alternative resin

Plastic waste Any type of plastic Unknown
Warm compressing

Easily available, no 
extra costs

Free of 
formaldehyde

Acrodur Polycarboxylic acid 
and acrylate

As formaldehyde 
binders
Warm compressing

Suitable as binder 
for any type of 
material

Free of 
formaldehyde

https://www.threebond.co.jp/en/technical/technicalnews/pdf/tech19.pdf
http://msdssearch.dow.com/PublishedLiteratureDOWCOM/dh_0030/0901b8038003042d.pdf?filepath=/296-00279.
pdf&fromPage=GetDoc
http://home.engineering.iastate.edu/~mkessler/MatE454/Constituent%20Materials%20Chapters%20from%20
ASM%20Handbook/(7)%20Polyimide%20Resins.pdf
http://sntpost.stii.dost.gov.ph/frames/jantomar04/pg10.htm
http://www.philstar.com/nation/222139/plastic-waste-used-plywood-binder
http://www.unep.or.jp/Ietc/Publications/spc/WastePlasticsEST_Compendium.pdf
http://home.engineering.iastate.edu/~mkessler/MatE454/Constituent%20Materials%20Chapters%20from%20
ASM%20Handbook/(7)%20Polyimide%20Resins.pdf
UN habitat a policy framework page 24 claims that all panels with formaldehyde should not be used for slum 
purposes. 

4.4 Panel binder information

4. Panel production analysis
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5. Warmth calculations

Material Specific heat [J/kgK] Temperature [0C] Kg Q [J]
Glass 840 100 1 84000

Metals
Steel 502 100 1 50200
Stainless steel 490 100 1 49000
Aluminium 910 100 1 91000
Polymers
PET 1200 100 1 120000
PVC 1047 100 1 104650
Cellulose
Paper 1336 100 1 133600

Organic 2470 100 1 247000

Material Specific heat [J/kgK] Temperature [0C] Kg Q [J]
Glass 840 1683 1 1413720

Metals
Steel 502 1540 1 773080
Stainless steel 490 1510 1 739900
Aluminium 910 720 1 655200
Polymers
PET 1200 260 1 312000
PVC 1047 180 1 188370
Cellulose
Paper 1336 200 1 267200
Organic 2470 100 1 247000

Material Mixed waste [%] Specific heat [J/kgK] Temperature [0C] Kg Q [J]
Glass 4 840 100 0,04 3360

Metals 3 634 0,03 1902
Steel 502 100
Stainless steel 490 100
Aluminium 910 100
Polymers 10 1123,25 0,1 11233
PET 1200 100
PVC 1047 100
Cellulose
Paper 12 1336 100 0,12 16032
Organic 50 2470 100 0,5 123500
Other 21 100 0,21 ?
Total 79 % 156027

100 % 197503

1 Kg of waste is in total heated up in 100 degrees. 

The table shows that polymers and cellulose materials need more energy in order to heat the material up for 
100 degrees. This comparison is not fair because indeed metals and glass are easier to heat up, it is more 
difficult to let these materials melt. Therefore all the material is heated up from 0 degrees until their melting 
point, paper is heated up till his flammability, organic waste till 100 degrees boiling point water. 

Calculations are first applied to heat up 1kg of all the waste with 1000C and to check how much energy Q [J] is 
needed per material.
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5. Warmth calculations

These calculations show that for metals and glass a lot of energy is necessary in order to heat them up until 
their melting point. Therefore if the production process needs melted products, glass and metals cannot be 
used because it is not feasible to use these products. 
However if combined waste is heated up (not till their melting point but for example 100 degrees), metals and 
glass can stay in the waste cause they do not influence the needed amount of energy as much as the other 
products. Basically this means metals and glass can only applied in the ‘product’ if it is used in its current 
chemical phase as a filler. Though because glass and metals are very common to recycle, at the moment waste 
pickers earn money to sell these products to recycle stations. Therefore it is more feasible to use ‘useless’ 
materials  in order not to be involved with verifying economic markets. 
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Attero
Attero is a company with fifteen locations throughout the 
Netherlands. The company focuses on the large-scale processing 
of commercial waste, domestic remnant waste, organic waste and 
mineral waste.
This includes more or less 40% of all Dutch household, over 6 
million people. 
Attero processes about 3.4 million tons of waste. Recyclable 
materials, such as metals and plastic are separated from the waste 
and sold to recycling companies which create these into new raw 
materials for industrial applications.
Attero owns two waste-to-energy plants, Moerdijk and Wijster. They 
produce sustainable electricity for 350,000 households and the 
heating needed for companies in the area.  
Marcel Daemen is the director of the Attero location in Wijster, 
Drenthe. He made a plant visit possible together with one of his 
employees, Peter Bakkers on (4-11-2013)
Plant visit - Wijster
Attero Wijster is a location which basically has all the services 
for Waste management. There is a waste collection point, waste 
separation, energy-production from waste combustion, and 
compost production from organic waste.
Peter Bakkers showed the entire plant and explained all the 
processes and the reason of some treatments. 
The plant of Wijster processes all the waste. All the waste collected 
in their dumpsite . Organic waste is transported to the compost-
production. The compost-production is a very simple process. All 
the organic waste is checked on metals and bricks. After this check-
up the waste is chopped into pieces of 10-15 cm. The organic waste 
is stored for 4 weeks in the building under moisture properties. 
The moisture influences the compost process and after these 4 
weeks the waste turns into compost outdoors under any climate 
circumstances. This compost is completely free for farmers in the 
neighborhood, therefore Attero does not earn any money out of this 
process. 

All the other waste is immediately transported into a building where 
the separation begins. Several machines , magnets/infra-red, 
separate metals out of the waste. The next phase is to separate all 
the plastic from the waste. Everything which is left will be burned 
and the heat is used for energy-production. The ashes are sold to 
companies who use it to support highway roads. 
The metals are separated into different types of metals by a machine 
and sold to the metal industry. 
All the plastic is separated by machines which ‘read’ the plastic 
and identify which type of plastic this is. The machines only can 
read whether or not the plastic consist PE, PP, PET, PS or PC 
the plastic is. But different gradations of PE for example, HDPE/
LDPE, is not possible to identify. Because the machines are a lot 
of times mistaken, people check the waste in the end, so-called 
‘handpickers’. 
After this checkup the plastic is pressed into bales and transported 
to plastic-recycling industries in Germany. There the plastic is 
cleaned and processed into plastic granulate which is used in the 
plastic industry.

6. Waste-plant visit Attero, Wijster



39

7. Meeting Polymer Technology

7.1 Conversation with Benny Luijsterburg
Benny Luijsterburg is a PHD-student from the department of chemical 
engineering and chemistry for the group: Polymer Technology.
Benny Luijsterburg is doing a research to recycled polymers. His 
focus is mainly about PE and PP plastics. 
On the first of november, 2013, Benny Luijsterburg explained briefly 
the main principle about polymers and especially the behaviour of 
recycled polymers. 

Basically the production process of recycling plastic is everywhere 
the same. Plastic is sorted, washed and grinded. This grinded 
plastic can be heated up, mixed and produced into small pieces 
again to make the plastic quality more equal. This process can be 
repeated several times in order to get a good mixture and a more 
‘safe’ quality. In the end the color of the plastic will be dark green 
because that is basically the mix of all types of color. In order to 
remove the colors, some toxics can be added but the process is 
very intensive and is not always necessary. 
A negative element about recycled plastics is that they always lose 
their quality of strength. This is because the polymer is mixed with 
colours and there is always a bit of pollution, other type of plastics, 
in the grinded mixture. Because of this pollution even machinery 
of the polymer industry can be damached because, the polluted 
plastic might response differently or get stuck in machinery. This all 
created problems and the recycling industry is aiming for solutions 
to make the recycling process more efficient, effective and doable 
for the plastic industry. 

Basically there are a few important facts about recycled polymers 
which has to been taken into consideration. 

For example the fiber-strength of a polymer can be influenced by 
heating it up and changing the polymer to a different phase. The fibers 
will define itself into a laminated structure so the tensile strength will 
increase. If the plastic will be heated up again, the connections will 
break and the polymer will lose its laminated structure and ends up 
again in its beginning phase or even a weaker polymer. 
‘Big bags’ are created with this principle. Plastics bags are made 
out of a polymer with a laminated structure and the bags are able to 
carry 500 to 2000 kg.

PP is a very sensitive polymer when it is recycled. PP responses 
extremely on pollution, which means if another plastic is mixed with 
PP it is possible PP gets weaker. Even an amount of only 5% of 
pollution can destroy the complete strength of the materials.

Theoretically, PE plastics are not as sensitive as PP plastic. 
A pollution in the PE plastic do not influence the strength. The 
problem of PE is that there are a lot of different types op PE plastics 
like: HDPE, LDPE etc. These type of plastic got all different type of 
strength and it is very complex to seperate HDPE and LDPE from 
each other.

Benny Luijsterburg expects the PE will be stronger than PP plastics 
but ofcourse this is something that should be checked. 

Behavior of polymers
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Waste type Consitency Molecular 
formula

Density 
compacted 
(kg/m3)

Melting 
point

Thermal 
conduc-
tivity (W/
mK) 25 
oC

Flamma-
bility/ig-
nitability

Heat 
capacity/
specific 
heat  (J/
kgK)

Glass
Window 
glass

72,7% silica (SiO2)
14,2% Sodium oxide 
Na2O
10% Lime CaO
Additives:
2,5% magnesia MgO
0.6 % Alumina Al2O3

(Na
2
O)

(SIO
2
) -1 2579 -1 1683 

oC -1 0.96 -1 - 840 -2

Broken/
cullet

(Na
2
O)

(SIO
2
) -1

1290-1940 
-1

1040  
oC -1 1.05 -1 - 500 -2

Metal
Steel Iron + Carbon + 

sometimes additions 
like:
Manganese
Phosphorus
Sulphur
Nickel
Chromium

7850 -3 1425–
1540 oC-2 43 -2 - 460-502 

-2

Steel – 
stainless

Iron + Carbon + 
11% Chromium and 
Nickel

7480 – 
8000 -3

1510  
oC -2 16 -2 - 490 -2

Aluminum 
(solid)

Bauxiet tot 
aluminiumoxide 
(Al2O3)

Al 2700 – 
2750 -3 660  oC -2 205 -2 - 910 -2

Copper Cu 8930 -3 1084  
oC -2 401 -2 - 390 -2

Paper Cellulose pulp 
from wood, rags or 
grasses

(C
6
H

10
O

5
)

n
1201 -3 - 0.05 -1 232  oC 1336 -2

Plastics
PET (soft 
drink, 
bottles)

Ethylene glycol 
+ dimethyl 
terephthalate

 C
10

H
8
O

4 
1380 -4 Ca. 260  

oC -4 0.42 -4 - 1200

PVC (Rigid) Monomer vinyl 
chloride (C

2
H

3
CL) 1300-1450 

-5
100-260  
oC -5

0.14-0.28 
-5 - 1046.5 

-2

PVC 
(flexible)

? (C
2
H

3
CL) 1100-1350 

-5 260  oC -5 0.14-0.17 
-5 - 1046.5 

-2

HDPE Petroleum [C
2
H

4
]
n

930 – 965 
-6 130  oC -7 0.49 -7 - 2250 -6

PS Ethylbenzeen [C
8
H

8
]
n

960 – 1040 
-5 240  oC -5 0.14-0,16 

Datasheet - 1300

PP Polypropeen (C
3
H

6
)

n
902 - 906  165 oC 0,12 - 

0,22 - 1927-
200
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1. http://www.camglassblowing.co.uk/gproperties.htm
2. http://www.engineeringtoolbox.com
3. http://www.simetric.co.uk/si_materials.htm 
4. http://gestis-en.itrust.de/nxt/gateway.dll/gestis_en/530566.xml?f=templates$fn=default.htm$3.0
5. http://www.jt-extrudermachine.com/pvc_polyvinyl_chloride_sheet.htm
6. http://www.ineos.com/Global/Olefins%20and%20Polymers%20USA/Products/Technical%20  
 information/Typical%20Engineering%20Properties%20of%20HDPE.pdf
7. http://www.dynalabcorp.com/technical_info_hd_polyethylene.asp
8. Themelis & Verma, 2004
9. http://www.engineeringtoolbox.com/specific-heat-capacity-food-d_295.html
10. Factsheets 
11. http://www.unesco.org/webworld/ramp/html/r9214e/r9214e04.htm

Each type of material got its own chemical properties and therefore its own opportunities. Not all recycling 
treatments fit with the materials. Because it is important to create a product manual without complex machinery 
some of the materials will not be suitable for heating up, cutting, shredding etc. Each material is described 
below with its threats, opportunities and possible treatment techniques.
Glass

Opportunities Threats
Able to cut manually High melting point
Able to wash manual creates splinters during cutting 

process
Composition of natural materials (no 
harmfull threats)

Heavy machinery

Glass got an extremely high melting point which makes the material less suitable for re-melting manually. 
Because of its sharp edges it is able to cut the material into small pieces and use as a insulation filler.

Metal
Also each kind of metal got a high melting point, which makes the material less suitable for re-melting manually. 
Each type of material is different attractive for cutting purposes. Steel is very hard to cut manually and more 
strength is needed. Aluminum cans for example are easier to cut into pieces and to use as a filler or strength. 

Figure 37; Opportunities & weakness glass material

Steel
Opportunities Threats
High strength High melting point

Not able to cut manually
Heavy

Heavy machinery

Figure 38; Opportunities & weakness steel

Aluminum Cans
Opportunities Weakness
High strength High melting point
Able to cut manually

Light-weight
Figure 39; Opportunities & weakness aluminum
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Figure 40; Opportunities & weakness paper

Opportunities Weakness
Able to cut manually Flammable
Biodegradable  not harmful Recycling only seven times
Lightweight

Able to wash manual

Paper
Paper is very flammable and to use this material it is important to reduce the flammability by a coating or to 
wrap other material around it. Paper is easy to cut manually and to use any kind of manual technique. It is 
a biodegradable material and therefore not harmful for people. Though it is important to de-ink the material 
to remove all the harmfull threats. Also it is good to consider that any kind of paperrecycling process is only 
suitable seven times. To use paper as a material for a product, not all kinds of material will be able to use. 

Specific 
gravity

Service 
temp. [0C]

Shrinkage 
(%)

Tm [0C] T
g

Softening 
point [0C]

Process 
temp. [0C]

Molding 
temp. [0C]

Drying 
temp. [0C]

Drying time 
[h]

PC 1.40 104 - 129 0.15-0.6 130 - 257 145 - 149 152 - 154 221 - 327 79 - 121 121 - 127 2.0-4.0

PET 1.67 200 0.20-0.90 250 - 255 70 180 266 - 296 66 - 121 121 - 135 2.0-4.0
PVC 1.38 105 - 60 0.10-2.50 182 - 199 82 - 102 185 - 204 29 - 60 71 - 82 2.0-3.0
PS 1.05 70 - 50 0.05-0.80 100-240 93 - 108 199 - 249 10 - 79 71 - 93 2.0-3.0
HDPE 0.94 70 - 80 1.1-1.4 125 - 135 -101 108 296 - 279 10 - 121 66 3.0
ABS 1.05 75 - 85 0.4-0.7 85 - 116 114 210 -270 50 -  80 80 - 85 2.0-4.0

Plastic
Plastics are able to melt but because of their composition, health regulations are very important. Plastics are 
pollutive and these harmful emissions should not be exposed. Another threat for the use of plastic is this melting 
point. Flammability and melting of the product itself should be prohibited in order to become a safe product for 
housing. A building product designed with plastic waste should try to prevent any melting during fire. Plastic
PVC can not be used to create into a material for housing. Most PVC vinyl products contain phthalates, which 
mimic human hormones and is very toxic. For this reason PVC is normally not used for food storage and 
therefore is dangerous to recycle into a low-technical way. http://www.recycledplastic.com/resource/plastic/plastic-identification-codes-
pic/
The other types of plastic all drips when they burn. This is a very important factor and therefore any kind of 
structure or panel cannot be used for roofing services unless a coating or other material can stop the drips. 

Test PE/HDPE/
LDPE

PP PS PVC PET ABS

Water Floats Floats Sinks Sinks Floats -
Burning Blue flame 

with yellow 
tip, melts and 
drips. Burns 
slowly

Yellow flame 
with blue 
base, burns 
slowly and 
drips.

Yellow, 
scooty flame 
– drip, burns 
quickly

Yellow, 
scooty 
smoke. Does 
not continue 
to burn if 
flame is 
removed

Yellow flame
Plastic drips
Burns slowly
light smoke

Orange flame, 
burns slowly 
and drips. 
Black smoke

Smell 
after 
burning

Smell of 
candle wax

Sweet smell Gas odor 
(naphta)

Hydrochloric 
acid

- Acid odor

Scratch Yes No No No No No

8. Fact-sheets Materials waste

Figure 41;Low-tech sorting test, adapted from RECOUP
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In order to recognize each type of plastic machinery can be applied who more or less read with an infra-red 
laser the type of plastic. But when plastic is sorted manual, there are several ways to recognize the waste as 
well. For example a water or burn-test can be applied. Or simply the plastic can be recognized by the recycling 
symbol as shown above. 

Sorting plastic
1. PET/PETE
PET is easy to recognize. It is used for the bottle industry of soft drinks, juice, water, 
detergent and cleaner bottles. Also used for cooking and peanut butter jars. 

2.  HDPE
High density polyethylene HDPE is used for milk bottles and water jugs, bleach bottles, 
shampoo bottles, plastic bags and grocery sacks, motor oil bottles, household cleaners 
and butter tubs. 

3. PVC
Polyvinyl Cloride is used for window cleaner, cooking oils and detergent bottles. 

4. LDPE
Low density polyethylene is used for plastic bags and grocery sacks, dry cleaning bags, 
flexible film packaging and some bottles. 

5. PP
PP plastic is a type of plastic that got a wide variety of products. For example yogurt 
cans, car bumpers, interior panels, plastic furniture. 

6. PS
PS is mostly used in toys, cd-casses, suitcases, plastic cups, polystyrene glass, food 
containers,  plant trays, housing of electronics etc. (high impact polystyrene, expanded 
polystyrene) 
PS means but no expanded polystyrene. This is PS but respond differently and needs 
another recycle stream. You can only recycle expanded polystyrene into expanded 
polystyrene but not anymore in pure polystyrene. Next to these factors also expanded 
polystyrene can be dangerous. It may leach styrene which is very poisoned. 

7. Other
Other types of plastic are all the types of plastic not mentioned above or combination 
of different type of plastics. This is more complex to recycle and can only used for 
combination shape or a special separation stream needs to be started. Basically all the 
other numbers are possible to separate and create a new product out of the old plastic 
waste. 
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Organic
Organic waste consist mainly of:
- Animal and fish bones
- Peels: soft peals (bananas, apples, oranges) and hard peels (nuts)
- Kernels
- Food leftovers/molded food
- Garden waste (leaves, branches etc.)

Organic waste is biodegradable and does not consist of any chemical compositions. It is easy to use manual 
techniques in order to cut the material or to create a pulp of the material. Organic waste is flammable and 
therefore just as dangerous as paper. Most of the time organic waste is not clean and should be treated to 
remove any kind of bacteria. 
Opportunities Weakness
Able to cut manually Flammable
Biodegradable, not harmful Biodegradable, short lifetime

Consist of bacteria

Figure 42; Opportunities & weakness Organic waste

Microorganism organic waste

Psychrophilic (cold-liking) bacteria
 - Growth range 32-77”F (0-25 0C)
 - Optimum temperature 68-77”F (20-25 0C)
Mesophilic (middle-liking) bacteria
 - Growth range 68-110’F (20-43 0C)
 - Optimum temperature 68-113’F (20-45 0C)
Thermophilic (heat-liking) bacteria
 - Growth range 113-158”F (45-70 0C)
 - Optimum temperature 122-131”F (50-55 0C)
If any organic waste is heated up till a temperature above 75 0C for 2-6 hours, all the bacteria will become first 
inactive and when the waste is completely dry, the bacteria will be dead.  

http://food.unl.edu/web/safety/poisoning
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=2564&context=extensionhist
http://www.engineeringtoolbox.com/drying-temperatures-time-d_132.html

The challenge in choosing a material is not only in its chemical properties but also the current recycling stream. 
For example Expanded polystyrene packaging is a material which is extremely difficult to recycle. The product 
is mostly down-cycled. 
The problem with EPS is that the material can be melted but not re-melted with the same properties. Therefore 
it is mostly burned which creates a lot of pollution or pressed into blocks to use as a filler for roads. Still this 
material is a very good insulating material but the EPS used for packaging is very flammable and therefore 
cannot be recycled for building industry unless a fire-resistant coating is applied. This kind of material is a 
challenge to apply as a material. 

Conclusion
Materials like glass and metals are difficult to recycle manual because of their high melting point and hardness 
of its material. Overall paper, plastics and organic waste have good insulation properties and therefore it could 
help to upgrade the current houses. These materials are also very lightweight which makes it more easy to 
apply manual in current houses. A weakness about these materials is its flammability which makes it dangerous 
and therefore not suitable for slum houses which are densed populated areas and flammable materials could 
destroy an entire neighborhood. 
These materials, paper/plastic/organic waste, should be combinated with other materials to prevent flammability 
but to keep their quality of high insulation and light-weight material. Also the material should be able to demolish 
in order to be recycled again after its lifetime expanded. 
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Specifications T 
[0C]

Pres-
sure 
[kN]

Time 
[min]

Density 
[kg/m3]

m3 kg

Plastic 960-
1380

0,0002 0,2

Total 180 20 10 0,0002 0,2

Specifications T 
[0C]

Pres-
sure 
[kN]

Time 
[min]

Density 
[kg/m3]

m3 kg

Plastic 960-
1380

0,0002 0,2

Total 180 100 10 0,0002 0,2

9.1 Strength
Panels
For chemical engineering and mechanical engineering mainly 
flexural tests and vibration tests are applied for plastics and 
recycled plastics. These tests are very precise and well defined. 
Basically a loss of 10% from the flexural strength of ‘clean’ new 
plastic can be used to calculate the flexural strength for recycled 
plastics. Though, for these engineers the maximum compressive 
strength and bending forces are less important and therefore not 
tested much for recycled plastics. First a 4-point flexural tests 
has been applied because it gives more precise information then 
a 3-point flexural test. While applying the 4-point flexural test, 
the plastic showed to much elastic behaviour. Therefore the test 
could not be applied and a 3-point flexural test has been used 
because the plastic cannot show its elasticity as much as in a 
4-point flexural test. 

There are two groups of panels created. A group with a 
production pressure of 20kN and a group with a production 
pressure of 100kN. These two groups are compared in order to 
check whether or not the production process has any influence 
on the panels strength. 

Group 1
All the panels in group 1 are pressed under the following 
circumstances. In total 4 panels in each group are produced. A 
solid PS panel, solid PE panel, solid PP panel and a solid mix 
panel. The mix panel consist of an equal amount of PS, PP and 
PE. This 0,067 kg of each plastic is mixed into the mould.

Group 2
All the panels in group 2 are pressed under the following 
circumstances. In total 4 panels in each group are produced. A 
solid PS panel, solid PE panel, solid PP panel and a solid mix 
panel. The mix panel consist of an equal amount of PS, PP and 
PE. This 0,067 kg of each plastic is mixed into the mould.

Figure 43; Solid PS panel

Figure 44; Solid PE panel

Figure 45; Solid PP panel

Figure 46; Solid Mix panel

9. Material tests
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A force is applied in the middle of the surface. This force is 
raised with a constant speed of 2,1 mm/min. The deflection 
is measured with a deflection meter (figure 5). The pressing 
machine is connected with a computer in order to measure the 
pressure and the deflection in a graph. 

3 point flexural test

Figure 47; 3 point flexure test

Figure 48; Test (green meter is the deflection meter)

Figure 49; Flexure test Figure 50; Flexure test



48

9. Material tests

3 point flexural test - Results
Al the panels response to limited force by creating sounds. 
Only the PP panel does not show difficulties during the test, 
and breaks without a warning from the material itself. This 
can be dangerous when it is applied for a building. The other 
panels start scratching before the panels break completely. 

3 point flexural test - graphs/calculations
To make a comparison of each group all the graphs per 
panel are combined into one scheme. Calculations are 
made to calculate the flexural strength of each type of panel. 
The formula of this calculation is shown below.

Group 1 - 20kN panels Figure 51; Panels after test

Figure 52; Different type of plastic, group 20kN and their behaviour

Group 2 - 100kN panels

Figure 53; Different type of plastic, group 100kN and their behaviour
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The flexural strength of each type of panel is calculated by the Formula for 3-point flexural tests. (source: 
The flexural strength cannot be used to compare with windforces, compressive strength. This flexural strength 
is only calculated to compare the recycled plastics with ‘clean new plastic’. 

σ = 3LF/(2bd²) in 3-point test of rectangular specimen

L – specimen length; 200mm
F – total force applied to the specimen by two loading pins;
b – plastic width; 200mm
d –  thickness; 5mm
a - distance between the supporting and loading pins; 90mm

9. Material tests

Group 1
PS: 570N σ = 3*200*570/2(200*25) = 34,2 N/mm2 

PP: 950N σ = 3*200*950/2(200*25) = 57 N/mm2 
PE: 202N σ = 3*200*202/2(200*25) = 12,12  N/mm2 

3 point flexural test - Conclusions
The strength of new plastic should be higher than 
recycled plastic. Though PP plastic is stronger 
in the recycled matter than new PP plastic. This 
is probably because recycled plastic is never 
completely pure and therefore another type of plastic 
has influenced the strength of these panels. Still it is 
quite surprisingly that recycled PP plastic is strong. 
Chemist Benny Luijsterberg explained before that 
PP plastics are very sensitive for ‘pollution’. This 
means that in theory PP plastic becomes weaker 
when other types of plastics are mixed with it. 

Group 2
PS: 751N σ = 3*200*751/2(200*25) = 45,06 N/mm2 

PP: 809N σ = 3*200*809/2(200*25) = 48,54 N/mm2 
PE: 151N σ = 3*200*151/2(200*25) = 9,06  N/mm2 
Mix: 185,4N σ = 3*200*185,4/2(200*25) = 11,12 N/mm2 

Panels ‘new’ 
plastic 
[MPa]

‘new’ 
plastic
[N/mm2]

20 kN 
panels
[N/mm2]

100 kN 
panels 
[N/mm2]

PS 50 - 100 50 - 100 34 45
PP 20 - 45 20 - 45 57 49
PE 32 - 50 32 - 50 12 9
Mix 20 11

Another negative element about PP plastics is that it break completely. The material does not give a warning 
for its own weakness. 

The conclusion is the higher production pressure does not influence the final strenght. Some panels even 
became weaker with a higher production pressure. (Mix, PP and PE). 
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The calculation is executed conform the Eurocode 
standards:
• EN 1990 - Eurocode 0 - Basis of structural design

Wind force on a building surface (2x3m wall)
Reference period  5  years
buidling height z 2,5  m
Terrain category  III 
Basic wind speed vb 20  m/s
Extreme wind pressure qp(z) 164 N/m2

    0,164 kN/m2

F
w
= c

s
c

d
 ∙ (c

p,int 
+ c

p,ext
)  ∙ q

p
(z)

 
∙  A

ref

F
w
 wind force on a building surface

c
s
c

d
 building size factor (=1,0)

c
p,int  

internal pressure coefficient on the surface (+ 0,3)
c

p,ext
 external pressure coefficient on the surface (+ 0,7)

q
p
(z)  extreme wind pressure (calculated with document = 0,164 kN/m2)

A
ref 

 reference surface (2 ∙3 = 6 m2)

F
w
= 1 ∙ 1  ∙ 0,164

 
∙  6 = 0,984 = 984 N

With this 984 N the q-value can be calculated.
Fl3/48 =  5ql4/384
F/48  =  5ql/384
984/48 = (5q*2000)/384
 q = 0,79 N/mm2

Introduction
In order to check if the plastic material is strong enough for slum houses it is important to check whether or 
not it can withstand the wind forces. Therefore calculation are made below. The slum house chosen is a small 
house of just 2x3x2 m3. This measurement is chosen because mostly slum houses consist of just one room 
with a maximum hight of 2 meters. 

Wind force the roof of a building (angle --> Worse case scenario F= -1,3 (angle 15 degrees))
Reference period  5  years
buidling height z 2,5  m
Terrain category  IV 
Basic wind speed vb 20  m/s
Extreme wind pressure qp(z) 164 N/m2

    0,164 kN/m2

F
w
= c

s
c

d
 ∙ (c

p,int 
+ c

p,ext
)  ∙ q

p
(z)

 
∙  A

ref

F
w
 wind force on a building surface

c
s
c

d
 building size factor (=1,0)

c
p,int  

internal pressure coefficient on the surface (- 0,3)
c

p,ext
 external pressure coefficient on the surface (-1,3)

q
p
(z)  extreme wind pressure (calculated with document = 0,164 kN/m2)

A
ref 

 reference surface (2 ∙3 = 6 m2)

F
w
= 1 ∙ -1,6  ∙ 0,164

 
∙  6 = - 1,57 = 1574,4 N

Fl3/48 =  5ql4/384
F/48  =  5ql/384
1574/48 = (5q*2000)/384
 q = 1,26 N/mm2

PE plastic is very weak in all the tests. And a mix of plastic is even stronger than a solid PE panel.
Out of this test can be considered that PS plastics are a very reliable plastic. It comes out as one of the 
strongest, is not sensitive for ‘pollution’ and the material gives a warning before the material starts tearing 
slowly. This means the materials gives a warning by showing its difficulty and small scratches are visible. 

9. Material tests
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Wind pressure - Conclusions
Only PE plastics does not fulfil the strength for a slum house. The maximum q-force on a house (roof) is 1,28 
N/mm2. While PE plastic got for its weakest strength a q of 1,2 N/mm2. 
The others fulfil the strength but PS and PP plastics are stronger than the mixture. Though current mixture 
consist of 20% PS, 20% PE and 20% PP plastics. If PE plastic will be removed the total strength will probably 
increase of the mixture. Therefore this is an important element cause this will make it possible to use a mixture 
of several plastics. Still there has to be taken into account that not all types of plastics are possible to mix 
because of some risks factors explained in next chapter.

Minimum force
PS plastic F = 570 N
Gives a q of:  
Fl3/48 =  5ql4/384
F/48  =  5ql/384
570/48 = (5q*200)/384
q = 4,56 N/mm2

PP plastic F = 809 N
Gives a q of:  
Fl3/48 =  5ql4/384
F/48  =  5ql/384
809/48 = (5q*200)/384
q = 6,47 N/mm2

PE plastic F = 151 N
Gives a q of:   
Fl3/48 =  5ql4/384
F/48  =  5ql/384
151/48 = (5q*200)/384
q = 1,2 N/mm2

Mix plastic F = 185 N
Gives a q of:   
Fl3/48 =  5ql4/384
F/48  =  5ql/384
185/48 = (5q*200)/384
q = 1,48 N/mm2

Maximum force
PS plastic F = 751 N
Gives a q of:    
Fl3/48 =  5ql4/384
F/48  =  5ql/384
751/48 = (5q*200)/384
 q = 6 N/mm2

PP plastic F = 950 N
Gives a q of:  
Fl3/48 =  5ql4/384
F/48  =  5ql/384
950/48 = (5q*200)/384
 q = 7,6 N/mm2

PE plastic F = 202 N
Gives a q of:   
Fl3/48 =  5ql4/384
F/48  =  5ql/384
202/48 = (5q*200)/384
 q = 1,6 N/mm2

Mix plastic F = 331 N
Gives a q of:  
Fl3/48 =  5ql4/384
F/48  =  5ql/384
331/48 = (5q*200)/384
 q = 2,6 N/mm2

During the experiments each type of plastic got its own maximum Force. With this force the forces per mm2 
can be calculated for its minimum  and maximum force.  

9. Material tests
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9.2 Small material tests
Several plastics can theoretical be used for a panel made out of waste. During some production of different 
panels (combined with organic waste or solid), it becomes obvious the solid panels are stronger. In order to 
check which type of plastic, or a mix of plastic, is more suitable for panels. Some check-ups are done like:

- Water-test
- Screw/nail test
- Sawing test
- 3 point-flexural test

Water-test
First small samples are created (160x100x4 mm) with a production pressure of 100 kN for 5 minutes at 1800C.
The water test is done by applying small samples of each type of plastic in water for 24 hours. The weight is 
weighted before and after in order to calculate the percentage of absorption.

PE absorbs the most percentage of water. PP does not absorb water at all and PS absorb less then 1 percent 
of water. In the mix, water is absorbed but surprisingly less then a panel of PE. This shows that PP and PS are 
more suitable as façade material because it is a closed panel which got the best waterproof properties. 

Screw/nail test
Within the nail test, different nails and screws are applied in the material. This goes well, no problems. All the 
type of plastic do not break, scratch or gets weaker. 

Sawing test
All the materials are sawed into two pieces. It shows that PE does not saw well, the material is melted into two 
pieces.
PP, PS and the mix panels are possible to saw into two pieces. 

Type of plastic Weight before [g] Weight after [g] % Absorption
PE 57 62 8,06
PP 60 60 0
PS 66,5 66,9 0,15
Mix 70 75 6,67

9. Material tests

Test PE PP PS MIX PET
Tensile strength 
[N/mm2]

18 - 28 27 - 34 28 - 54 - 36 - 63

Compressive 
strength [N/mm2] 

9 - 12 49 - 57 34 - 45 11 - 20 36 - 108

Water 
absorption [%]

8,06 0 0,15 6,67 0 %

Screw/nail test Easy Easy Easy Easy -
Sawing test Easily Does not saw 

but melts into 
pieces

Easily Easily -

Burn test Melts, burn 
slowly & drips

Burns slowly & 
drips

Burns quickly & 
drips

Burns slowly & 
drips

Yellow flame
Plastic drips
Burns slowly
light smoke

Material tests - Conclusions
Below a table shows with the properties of the different types of plastic. PET is added and for its strength a 
reduce of 10% is used for its tensile strength and compressive strength. PET is added because it is a potential 
material to take into account as a plastic option. Though it was not possible to test the material because of his 
lack of availability. In the Netherlands PET is one of the most famous recycling types of plastic. Therefore the 
market itself recycles it and it is more complex to get PET in high proportions. 
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PE plastic is the weakest type of plastic and its water-absorption, sawing- and burning properties make this type 
of plastic the least desirable type of plastic. It is important that even in a mixed panel PE plastic is avoided in 
order to improve its water-resistance properties as well as the panels strength. 

PP plastic got good water-resistance properties and is the strongest plastic out of all panels. Though this type of 
plastic got a disadvantage in its strength properties. The material breaks immediately without a proper warning. 
The other panels start bending slowly and the material is showing its weakness by scratching and sounds. PP 
plastic breaks immediately and can be dangerous when it is applied as a building material. Before inhabitants 
can replace the panel when they see the panel is losing its quality, the panel will break. Though this panel might 
be a good solution to be used as an outside surface layer.   

PS plastic is the most suitable for all properties. The panel can handle wind-forces and it got positive water-
resistance properties. Without any problems the material can be sawed or nails and screws can be applied. 
Therefore it is important to optimize the production of a solid PS panel. Its production temperature should be 
more precisely be defined and its production pressure should be reduced to as limited as possible. 

PET plastic might be a very suitable solution. It is very complex to get plastic waste in the Netherlands because 
this is the type of plastic which is recycled the most for the packaging industry of food. Still its theoretical 
strength is the highest of all and theoretically it does not absorbs no water. Because the other plastics where 
easy to apply a nail or screw it is expected that this type of plastic will respond the same. Also it will be easy 
to saw this material. Only PE shows difficulties when you saw the material, this is because this type of plastic 
consist of rubber properties. PET does not have the same properties as PE and therefore it will be easy to saw 
this material. 

Overall conclusion
Overall these tests show that there are three type of plastic which can be used: PET, PP and PS. These plastics 
got potential to be used as a building material for slum areas. Still there are some properties which should be 
better defined. The production temperature should be defined more precisely and the production pressure 
should be as low as possible. Because workers will produce the panels manual it is important this pressure is 
as low as possible.

Before there is a mix created with PS, PE and PP plastic. This mix was a bit stronger then PE plastic and has 
potential. It would be possible to create different types of mixes and test all these on their strength and other 
properties. Though there will be some problems that cannot be tested. Each waste stream consist of different 
types of plastic. Some plastics got more colourant and other additives then the other. PP and PET can handle 
for about 10-20% of pollution in its mixture. If this percentage gets higher, the entire binding will get weak and 
the entire panel will break. If only PP plastic is used, the amount of colourant and additives will be around 10-
20% but if this material is mixed with PS or another plastic the percentage of pollution will be much higher which 
creates more risk. Therefore a mixture of plastics will not be applied. 



54

10. Sample Production

During the sample production different type of panels are created. Out of the material tests, appendix 11, it 
became clear only PET, PP and PS plastics are suitable for building purposes. Because of the difficulties to find 
PET plastics in the Netherlands, for all these samples only PP or PS plastic is used. All the samples are created 
in the Polymer Laboratory of the mechanical department of TU/e. Therefore it was not possible to work with real 
waste. In order to create a similar clean product, wood shavings replace the waste. 
The panel production analysis, appendix 5. Shows the production 
process of different type of panels. Most of them need to be 
heated up and pressed together. Because in these samples, 
plastics will be the binder it is important this temperature is close 
to their melting temperature, appendix 9 fact-sheet. For the 
sample production a low-technology production method should 
be used which can control pressure, temperature and time. 
Therefore a Fontijne press is used. This fontijne press is very 
suitable because it can create heat on two pressing elements and 
pressure at the same time. Both temperature, pressure as time 
can be controlled with the machine. 

The mix of plastic and waste is applied in a mould between two 
steel panels. These panels are made of steel to transfer the heat 
easily. Baking paper is applied between the steel panels in order 
to keep the mould free from any wood shavings. Pure plastic is 
easy to remove from a mould with raiser blades. Though when 
wood shavings or waste get stuck the mould, it takes more effort 
and strength to remove the dirt. It is also possible to use teflon 
paper or a teflon spray. 

The main goal was to create a panel with the perfect percentages of waste and plastic at the lowest temperature 
and with the lowest type of pressure. In order to do so, several steps need to be followed. 
1. First of all, panels are created to check if it is possible to bind plastic with any type of material. (try-out) 
2. Then different type of panels are created to check the ratio of waste and plastic. 
3. And eventually samples are created to find the perfect temperature & pressure 
During the distribution phase it became obvious too many factors are involved with the binding op plastic with 
waste. 
- The wood shavings might not be a proper replacement for waste
- The temperature is not suitable for the panel
- The pressure applied is very high, but with lower pressure the binding does not occur. 

Because of these problems, first step 3 is applied. The perfect temperature and pressure for each type of plastic 
is defined by creating several samples. After this phase, again a new distribution is created but this time with 
proper waste. Waste in a dried form and waste in a ‘wet’ form. Waste might react completely different on plastic 
and therefore it is necessary to check this factor. The Polymer Laboratory approved to work with waste as long 
as the lab will be kept completely clean.  

Figure 54;  Fontijne press
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Figure 55;  Sample 1

Figure 56;  Sample 2

Figure 57;  Sample 3

Figure 58;  Sample 4

Figure 59;  Sample 5

10.1 Sample try-out
31-10-2013
Introduction
This samples are produced in order to get familiar with the machinery and to see how the plastic itself responds 
with the organic material (wood shavings). Wood shavings are used in stead of dried organic waste, in order to 
be able to work in the polymer laboratory of mechanical engineering. 
Sample 1 
Panel size 160x100x4= 64000 mm3. The temperature is 180 0C for 5 minutes 
pressed with a pressure of 200 kN. The plastic used is PP plastic. 
The amount of plastic/wood is not calculated because this sample is only to 
check the plastics melting temperature and whether or not this is possible. 
 
Conclusion
The material is pressed into a panel and the plastic is well melted. Though not 
enough plastic is applied and therefore a second panel will be created with 
more amount of plastic. 
Sample 2
Panel size 160x100x4= 64000 mm3. The temperature is 180 0C for 5 minutes 
pressed with a pressure of 200 kN. The plastic used is PP plastic.
This time more plastic is added and the plastic is more equal seperated into 
the panel and combined with the wooden waste. 
 
Conclusion
The material is pressed into a panel and the plastic is well melted. Though not 
enough plastic is applied and therefore a second panel will be created with 
more amount of plastic. 
Sample 3
Panel size 160x100x4= 64000 mm3. The temperature is 180 0C for 5 minutes 
pressed with a pressure of 100 kN. The plastic used is PP plastic.
This time the pressure is reduced and there has been two layers made. A 
wooden layer and on one sight the plastic is applied.  
 
Conclusion
The reduce of pressure does not affect the panels and therefore the pressure 
might be lower even then 100 kN. The separation of wood and plastic still 
combine with each other but creates a weak binding. 
Sample 4
Panel size 160x100x4= 64000 mm3. The temperature is 180 0C for 5 minutes 
pressed with a pressure of 100 kN. The plastic used is PP plastic. The 
plastic is only applied on one surface. The other surface consist of only wood 
shavings.
 
Conclusion
The interesting part of this panel is that also the strength is only on the closed 
plastic surface. The other surface is peeling apart in pieces and therefore not 
very suitable. 
Sample 5
Panel size 160x100x4= 64000 mm3. The temperature is 180 0C for 5 minutes 
pressed with a pressure of 200 kN. 
PET plastic is applied. 
 Conclusion
The material is pressed into a panel and the plastic did not melt at all. 
Therefore the temperature is raised to 230 to be closer with its own specific 
melt point. Now the wood shavings are almost at their flammable point (250), 
which is obvious. The material turned dark brown and it is obvious the wood 
shavings are damaged by the high temperature. Therefore PET mixed with 
organic waste can be a dangerous combination and might not be suitable at 
all. These materials can be used in a panel as long as their production process 
is separated or the materials are mixed within each other in low temperatures. 
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10.2 Try-out distribution plastic with waste
01-11-2013
Introduction
The first attempt to create panels was with different amounts of wood shavings and plastic. These samples are 
made to get a feeling whether or not it is possible to bind plastic with a complete different material. In stead of 
organic waste, clean wood shavings are used. 

Sample 1 
Panel size 160x100x4= 64000 mm3. The temperature is 180 0C for 5 minutes 
pressed with a pressure of 100 kN. 
The panels consist of 40% plastic (PS), 50% wood and 10% air. 
 

Sample 2 
Panel size 160x100x4= 64000 mm3. The temperature is 180 0C for 5 minutes 
pressed with a pressure of 100 kN. The panels consist of 40% plastic (PS), 
50% wood and 10% air. The element are all equally distributed throughout 
the panel. Other circumstances remain the same. 
 

Sample 3
Panel size 200x200x5= 200000 mm3. The temperature is 180 0C for 5 minutes 
pressed with a pressure of 100 kN. The panels consist of 40% plastic (PS), 
50% wood and 10% air. The element are all equally distributed throughout 
the panel. Other circumstances remain the same. 

Conclusion
The wood does not bind well with the plastic PS. Also the distribution of 
the wood and plastic is very important. In this sample all the plastic is not 
distributed equally through the panel. Therefore, the other samples should 
be more equal distributed in order to create conclusions over the combination

Conclusion
It is very difficult to distribute the plastic and wood equally throughout the 
panels. The plastic got a higher weight and therefore ‘sinks’ to one side. 
Because this panel is very small it might be more complex and therefore a 
bigger panel is created. Also with a bigger panel the temperature might has 
to be increased because the panel is thicker and it will take longer to heat the 
panel up. Or the panel should be heated up longer in order to make sure all 
the plastic is melted with the wood shavings. 

T [0C] Pressure 
[kN]

Time 
[m]

Density 
[kg/m3]

m3 kg

PS 960 0,0000256 0,025
Wood 670 0,0000384 0,026
Air 1,205 0,0000064 7,7*10-6

Total 180 100 5 0,000064 0,046

T [0C] Pressure 
[kN]

Time 
[m]

Density 
[kg/m3]

m3 kg

PS 960 0,0000256 0,025
Wood 670 0,0000384 0,026
Air 1,205 0,0000064 7,7*10-6

Total 180 100 5 0,000064 0,046

Figure 60;  Sample 1

Figure 61;  Sample 2
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Conclusion
This material is very weak and open. The density is very low and it is difficult 
to remove the panel from the mould. Therefore in the next panels, baking 
paper is applied to make it more easy to remove the panel from the mould. 

T [0C] Pressure 
[kN]

Time 
[m]

Density 
[kg/m3]

m3 kg

PS 960 0,00008 0,077
Wood 670 0,0001 0,067
Air 1,205 0,00002 2,4*10-5

Total 180 100 10 0,0002 0,14

Sample 4
Panel size 160x100x4= 64000 mm3. The temperature is 180 0C for 5 minutes 
pressed with a pressure of 100 kN. 
The panels consist of 40% plastic (PS), 50% wood and 10% air. And a layer 
of cling film (plastic foil) on the outside surface. This layer is applied in order 
to check if a surface to add is possible to bind without any additives as glue 
etc. 
 

Sample 5
Panel size 200x200x5= 200000 mm3. The temperature is 180 0C for 5 minutes 
pressed with a pressure of 200 kN. 
The panels consist of 40% plastic (PS), 50% wood and 10% air. The element 
are all equally distributed throughout the panel. The pressure is increased in 
order to improve the binding between the wood shavings and plastic. 
 

Conclusion
The cling film binds to the panel and create a waterproof layer on the outside. 
Though this material, cling film, is not very suitable. The materials is not 
bonded smooth and some wood shavings are not nicely mixed with the 
layers. Also its strength is definitely not improved by this plastic foil. It is more 
an ethical surface layer. 

Conclusion
This material is weak and got the structure of an insulating panel. With baking 
paper it is easy to remove the panel from the mould. 

Overall Conclusion
All these panels show their weakness and non of the panels seem strong. They seem more like an insulation layer 
then a nice solid façade panel. Therefore the next samples will be created with an higher percentage of plastic. 
This does mean the meaning of the organic waste, wooden shavings, are of less importance. And it is possible 
this material creates a weaker panel then an actual strong solid panel. 

T [0C] Pressure 
[kN]

Time 
[m]

Density 
[kg/m3]

m3 kg

PS 960 0,0000256 0,025
Wood 670 0,0000384 0,026
Air 1,205 0,0000064 7,7*10-6

Total 180 100 5 0,000064 0,046

T [0C] Pressure 
[kN]

Time 
[m]

Density 
[kg/m3]

m3 kg

PS 960 0,000042 0,04
Wood 670 0,000074 0,04
Air 1,205 0,000083 0,0001
Total 180 100 10 0,0002 0,14

Figure 62;  Sample 3

Figure 63;  Sample 4

Figure 64;  Sample 5
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04-11-2013
Introduction
Plastic binds and wood does not at all. Therefore it is important to change the percentages of materials. The 
panels from 01-11-2013 are to fragile and therefore the panels are now created with a higher percentage of 
plastic. 
 
Sample 1 
It is important to know the performance of a solid panel of plastic. Therefore 
sample 1 is created with 100% of PS plastic. 
Panel size 200x200x5= 20000 mm3. The temperature is 180 0C for 10 minutes 
pressed with a pressure of 100 kN. 
The panels consist of 100% plastic (PS), 0% wood and 0% air. 

Sample 2
Sample 2 is created with 6,6% of wood, 93% of plastic and 0,3 % of air. 
Panel size 200x200x5= 20000 mm3. The temperature is 180 0C for 10 minutes 
pressed with a pressure of 100 kN. 

Sample 3
Because panel 2 was not weak but quite strong. Sample 3 is created with a 
higher percentage of wood. 17% wood, 83% of plastic and 0% of air. 
Panel size 200x200x5= 20000 mm3. The temperature is 180 0C for 10 minutes 
pressed with a pressure of 100 kN. 

Conclusion
It is easy to remove the panel from the mould. The panel itself seems a 
strong, closed panel. 

Conclusion
It is easy to remove the panel from the mould. The panel itself seems a strong, 
closed panel. Baking paper was applied because wood shavings stick to the 
mould. With the baking paper it is easy to remove the panel from the mould. 
This panel seems strong 

T [0C] Pressure 
[kN]

Time 
[m]

Density 
[kg/m3]

m3 kg

PS 960 0,0002 0,192
Wood 670
Air 1,205
Total 180 100 10 0,0002 0,192

T [0C] Pressure 
[kN]

Time 
[m]

Density 
[kg/m3]

m3 kg

PS 960 0,000146 0,14

Wood 670 1,493E-05 0,01

Air 1,205 3,924E-05 4,72858E-
05

Total 180 100 10 0,0002 0,1500

T [0C] Pressure 
[kN]

Time 
[m]

Density 
[kg/m3]

m3 kg

PS 960 0,000104 0,1

Wood 670 2,985E-05 0,02

Air 1,205 6,598E-05 7,9509E-
05

Total 180 100 10 0,0002 0,1201

Figure 65;  Sample 1

Figure 66;  Sample 2

Figure 67;  Sample 3
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Conclusion
It is easy to remove the panel from the mould. The panel itself seems a strong, closed panel. Baking paper was 
applied because wood shavings stick to the mold. With the baking paper it is easy to remove the panel from 
the mould. This panel seems strong 
Sample 4
Panel 2 and 3 are still quite strong. Therefore the production pressure might 
lower in order to create the same panels. Therefore sample 4 is pressed at 
a pressure of 20kN. Panel size 200x200x5= 20000 mm3. The temperature is 
180 0C for 10 minutes pressed with a pressure of 20 kN. 
The panels consist of 92,82% plastic (PS), 7,14% wood and 0,04% air. 

Sample 5
Sample 5 is a combination of 2 panels pressed together. Both panels are 
created with a pressure of 20kN at 1800C for 10 minutes. The small panels 
consist of 88,84% PS, 11,11% Wood and 0,05% of air.  

Conclusion
This panel does not feel any weaker then the other panels. The only problem 
is that the materials are mixed and the percentage of wooden chavings is 
extremely low. It is almost nothing and this panel can be considered as a solid 
panel. Therefore this panel is not suitable because materials are mixed while 
the final consistency is almost one pure material. It is better to use 100% 
plastic and apply a wooden layer separated to make sure materials can be 
separated easily after its lifetime expand. 

Eventually these two panels are pressed together with 25 gram of PS plastic 
between the layers with a pressure of 20kN with a temperature of 1800C for 
15 minutes. The time is increased to make sure the inner plastic is melted 
towards the two panels. 
The two panels attached to each other feel strong and got potential. This 
sample shows it is possible to press panels within each other just with their 
own materials. No additives are added and the panel remains strong. In all 
these tests only PP and PS plastic was tested because of their availability. 
There are more plastics then can be used but in order to chose a proper 
plastic it is important to check the strength of each plastic. 

T [0C] Pressure 
[kN]

Time 
[m]

Density 
[kg/m3]

m3 kg

PS 960 0,000135 0,13

Wood 670 1,493E-05 0,01

Air 1,205 4,966E-05 5,98378E-
05

Total 180 20 10 0,0002 0,1401

T [0C] Pressure 
[kN]

Time 
[m]

Density 
[kg/m3]

m3 kg

PS 960 0,000125 0,12

Wood 670 2,239E-05 0,015

Air 1,205 5,261E-05 6,33974E-
05

Total 180 20 10 0,0002 0,1351

Sample production - Conclusions
This production shows the importance of plastic. The plastic keeps the panel strong and the wood-chips only 
make them weaker. The mixture panels which do consist of some wood-chips have more than 80% of plastic. 
The panel is almost a solid plastic board and the amount of wood-chips is negligible. In order to check if a 
wood-chip and plastic mixture is possible, is to create a laminated form in order to check if several small layers 
of plastic together can form one solid panel. Sample 5 creates this mixture but the amount of plastic is 89%. 
Next samples, there will be less plastic be added in order to create a more equal mixture.  

Figure 68;  Sample 4

Figure 69;  Sample 5
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Sample 7 - 9-12-2013
The other PS wood shavings panel are strong but the amount of plastic is 
so high it becomes not obvious to use this combination. The panels consist 
almost 100% of plastic. There is an option to improve this strength by creating 
laminated panels. A lot of wood-boards are created with laminated structures  
into a strong solid panel. 

Therefore two type of panels are created with both 2 layers with got the same 
ratio as sample 5 of the production 01-11-2013. The structure is chosen 
because it is weak but does have insulating properties and the balance 
between plastic and woodshavings is more equal (The panels consist of 50% 
plastic (PS), 50% wood). If more plastic would be added, it will again consist 
of almost 100% of plastic. This panel is pressed at 190 degrees (in chapter 
3 it becomes clear, the plastic melts around 200-240 degrees. But during 
other production processes this wood starts heating up around its burning 
point. Therefore 190 degrees is chosen to prevent fire in the panel. In order 
to create a melting process the panels are all heated up fro 15 minutes. And 
in the end the two layers are again heated up to 190 degrees for 15 minutes 
to bind together. 

Conclusion
The panel is again not completely strong and almost seem to fail their 
connection. 
It is not possible to create a strong solid panel in this manner. In order to create 
a more solid panel,  next panels are created with more plastic and more wood 
chips. This is done because plastic shrinks during the production process, to 
put more amounts in the mould could create a better solid consistency. 
 

T [0C] Pressure 
[kN]

Time 
[m]

Density 
[kg/m3]

m3 kg

PS 960 0,000015 0,015
Wood 670 0,000023 0,015
Air 1,205 0,000083 0
Total 190 100 15 0,0002 0,030

Sample 6 - 9-12-2013 ‘Binding’
The other tests showed it is possible to mix PS material with wood. Though 
these panels become very weak and therefore not suitable. It is important 
to also test the binding properties of PP plastic, cause it might response 
differently to the wood waste.  
Therefore a panel is created with measurements of 200x200x5mm. 
20 g of PP plastic and 35 gram of wood shavings. This is pressed with 0kN 
of pressure at a temperature of 180 0C for 5 minutes. (36% PP, 64% wood 
shavings)
Surprisingly PP plastic does not bind well with wood shavings. The PP wood 
shaving panel is very weak and fragile. 

10. Sample Production

Figure 70;  Sample 6

Figure 71;  Sample 7

Figure 72;  Sample 7
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Sample 8 - 9-12-2013
This panel consist of 36% plastic (PS), 64% wood. Again the panels are 
heated up to 190 degrees for 15 minutes for each layer. And in the end the 
two layers are again heated up to 190 degrees for 15 minutes to bind together. 

Conclusion
The panel is again not completely strong it is stronger then the first panel 
but still does not completely strong. The wood shavings should improve the 
strength of the panel but at the moment it only creates a weaker binding

T [0C] Pressure 
[kN]

Time 
[m]

Density 
[kg/m3]

m3 kg

PS 960 0,000021 0,02
Wood 670 0,000052 0,030
Air 1,205 0
Total 190 100 15 0,0002 0,030

Overall conclusion - Sample production
This production shows the importance of plastic. The plastic keeps the panel strong and the wood-chips only 
make them weaker. The mixture panels which do consist of some wood-chips have more than 80% of plastic. 
The panel is almost a solid plastic board and the amount of wood-chips is negligible. In order to check if a 
wood-chip and plastic mixture is possible, is to create a laminated form in order to check if several small layers 
of plastic together can form one solid panel. Sample 5 creates this mixture but the amount of plastic is 89%. 
Next sample, there will be less plastic be added in order to create a nice equal mixture. The PP panels mixed 
with wood shavings do not even create a binding with any other material but fall immediately apart. Also the 
laminated PS panels still show their weakness and this material is not strong enough to be applied as a façade 
element. 

Basically these show the importance of not mixing waste. If wood shavings are added to a plastic element, the 
panels get very weak. The material does not bind completely and the strength of the panel gets much lower. 
During a conversation with Benny Luijsterburg, Phd student chemical engineering and chemistry polymer 
technology, it gets clear that plastics respond different when they are recycled. Because of different additives, 
like colorants, plastic can get a different binding. Basically the recycled plastic will always be weaker then 
pure new produced plastic. Therefore if even with this recycled plastic, another pollution (like organic waste) 
is added, the plastic cannot create a nice solid binding. Though constantly wood shavings have been used in 
stead of organic waste. A combination of different mixtures of organic waste might have a different binding with 
plastic. For example waste can be dried or used in ‘wet’ conditions. Therefore another amount of samples are 
created with organic waste. Also it is important to know the exact pressing temperature of PS and PP plastic. 
Therefore the exact pressing temperature is experimentally defined before the experiments with pure organic 
waste is tested. 

10. Sample Production

Figure 73;  Sample 8
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10.3 Temperature & Pressure
In order to create a good production process of any type of panel it is important to experimentally define the 
pressing temperature of a solid panel with limited pressure. Therefore the 0 kN of pressure is applied to check 
at which temperature it is possible to create solid panels. The final product will be created with low-technology. 
If a small panel can be created without any force, a bigger panel can be created with limited force and still 
remain its quality. Only PS and PP material is tested because these two plastics comes out as the best option 
out of the force tests. 

4-12-2013
In order to check the temperature with 0kN of pressure little samples are 
made.
PS  melting point: 240
 softening point: various 
PS
1. Panel 1: PS small 61 gram 
  180 degrees for 5 minutes 0kN
Conclusion: Not melted together, therefore temperature should be 
higher in order to reach closer to its melting point. 

2. Panel 2: PS small 61 gram
  200 degrees for 5 minutes 0kN
Conclusion: Panel is better melted together almost one solid piece. 
Still it is obvious on the surface not all the small parts are melted together. 
Because the melting point of PS is around 240 degrees it is important to 
create a new panel with this temperature. 

3. Panel 3: PS small 61 gram
  240 degrees for 5 minutes 0kN
Conclusion: one surface is completely melted together as one solid 
panel. Therefore it seems this temperature is perfect. Though the other 
surface is not melted together. Because the material shrinks during its 
production process heat disappears from the mold. Before pressure was 
applied and heat could not escape. But now without pressure and the 
material shrinks, openings in the mold apply and one surface is not heated 
up completely. 
In order to prevent this, the next panel is pressed with more amount of 
plastic in order to prevent this heat loss. 

4. Panel 4: PS small 75 gram
  240 degrees for 5 minutes 0kN
Conclusion: a nice solid panel is created and therefore the next panel 
will be created with lower temperatures but the same amount of PS in order 
to check if lower temperature still creates the same quality. 

5. Panel 5: PS small 75 gram
  230 degrees for 5 minutes 0kN

Conclusion: a nice solid panel is created and therefore the next panel 
will be created with lower temperatures but the same amount of PS in order 
to check if lower temperature still creates the same quality. 

Figure 74;  Sample 1

Figure 75;  Sample 2

Figure 76;  Sample 3

Figure 77;  Sample 4

Figure 78;  Sample 5
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6. Panel 6: PS small 75 gram
  220 degrees for 5 minutes 0kN

Conclusion: One surface is completely solid while the other surface 
seems weaker. It is strange because the panel of 200 degrees even seems 
better then this panel. The weight after production is weighted and the panel 
only weight 70 grams. This probably means there escaped more plastic. 
Therefore again a 200 degrees panel is created with 75 grams of plastic. 

7. Panel 7: PS small 75 gram
  200 degrees for 5 minutes 0kN

Conclusion: The surface look more solid then panel 2 and panel 6 but 
still not completely pressed together. Because the material shows it does 
melt together at this temperature the production time is changed. The next 
panel is created for 10 minutes of heating up in order to give the material 
time to mould together.

8. Panel 8: PS small 75 gram
  200 degrees for 10 minutes 0kN

Conclusion: The surface is completely melted together. This time 
created a better solid panel. Now a panel with 190 degrees is created with a 
heating time of 10 minutes. 

9. Panel 9: PS small 75 gram
  190 degrees for 10 minutes 0kN

Conclusion: This panel is not melted in a solid manner. Therefore 
can be concluded the panels can be created at temperatures from 200-
220 degrees for 10 minutes or at a temperature of 230-240 degrees for 5 
minutes. In both cases it is important to add enough plastic, so more then 
the amount of gram calculated from its density. Because the density might 
vary during the temperature changes. Now a bigger panel will be created 
(200x200x5mm) in order to check if this size still can be pressed without 
any pressure. 215 degrees of temperature is applied in order to be in the 
middle of its range of 200-230

10. Panel 10: PS big 220 gram
  215 degrees for 10 minutes 0kN
Conclusion: The panel is solid and looks strong with the same quality 
as panels created with 20kN of pressure. 

Figure 79;  Sample 6

Figure 80;  Sample 7

Figure 81;  Sample 8
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PP  melting point: 170
 softening point: 100-165 
PP
1. Panel 1: PP small 60 gram
  180 degrees for 5 minutes 0kN
Conclusion: Panel is melted well into each other even without any 
pressure. 180 degrees is above its melting temperature therefore, the 
temperature will be reduced to check if at lower temperature the same quality 
can be achieved.

2. Panel 2: PP small 60 gram
  170 degrees for 5 minutes 0kN
Conclusion: The panel is falling apart. The plastic elements did not 
bind at all. It is obvious even some particles did not even melt. Therefore the 
temperature will be applied for 10 minutes to give the material some time to 
heat up and melt together.

3. Panel 3: PP small 60 gram
  170 degrees for 10 minutes 0kN
Conclusion: The panel is still very fragile and not melted well together. 
Somehow the material does not melt with this temperature. The properties of 
PP plastic show, PP plastic varies a lot in its own melting temperature. It can 
be influenced with colours etc. 
Therefore it is important to check each time with this material if the right 
temperature is applied.
Basically for the PP used in this test 180 degrees is the proper temperature to 
press a panel with 0kN and it can be pressed within 5 minutes. 

Conclusion
These experimental productions shows, that recycled PP does not correspond with the theoretical melting 
temperature for pure PP plastic. This is influenced by additives in the material like colourants, glue types, 
pollution etc. Based on these findings, it is advised to check the melting point of the raw material before starting 
the production process. 

Figure 82;  Sample 1

Figure 83;  Sample 2

Figure 84;  Sample 3
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In the previous samples some experimental elements are unsure. For example so far all the samples are 
created with wood shavings in order to work safe in the polymer laboratory. Currently it seems the wood 
shavings are creating a more weak panel then an actual strong solid panel. For example, PP plastics do not 
bind well with wood shavings and with waste this binding might be completely different. Therefore thes wood 
shavings should be replaced by real organic waste.  Like explained before, appendix 9, waste should be 
completely dried at temperatures above 750C for about 2-6 hours to remove all the bacteria. This means the 
waste will be completely dried. Another option is to not dry the waste and pack it completely within the plastic 
in order to not release any bacteria’s. This might give more complications but it is worth to test panels in these 
two different ways, dried organic waste and ‘wet’ organic waste. Before it became clear that basically PP, PS & 
PET plastics are very suitable for panel making.

This chapter describes the sample production of PS and PP plastic mixed with organic waste. Dried 
organic waste and ‘wet’ organic waste is mixed with the plastic and this is pressed together into a panel. 

First of all organic waste is collected manual. The 
collected organic waste consist of: fruit peels, nut 
shells, egg shell and old bread. The waste is cut into 
small pieces of 3-5 mm with a household chopper 
machine, blender. All this cut waste is mixed 
together. The ‘wet’ organic waste is now ready to be 
mixed with plastic and pressed into a panel.

The dried waste need some treatment before it is 
ready for the production process. The organic waste 
is dried in a normal household oven for 2 hours at 
100 0C. In order to dry the waste at 1000C in stead 
of 75 0C the drying time is reduced. After 2 hours the 
waste is completely dried. 

10.4.1 Preparation

Figure 85;Collected organic waste

Figure 86;Chopped waste

Figure 87;Left dried waste, right ‘wet’ waste

Because of the difficulty to gain PET recycled 
plastics only PP and PS will be tested with real 
organic waste. 

In order to create nice panels to compare. For each 
type of plastic its own melting point which is found at 
the sample production temperature, appendix 11.3 
For PS the temperature should be between 200-230 
0C for at least 5 minutes. Because the burning point 
of organic waste is around 230 0C it is important 
not to be too close to 230 0C. Therefore this plastic 
will be heated up to 200 0C and if the plastic is not 
melted well enough the production process time will 
be increased to create a nice and smooth surface.
PP plastic will be heated up to 180 0C for a time of 
at least 5 minutes. 

Both types of plastic will be mixed with dried or ‘wet’ 
waste. So basically there are two variations for each 
type of plastic. These variations should be create 
solid panels with an organic waste ratio of at least 
20%.

10.4 Mixture with waste
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Dried waste
1. PP plastic

Conclusion
This panel seems strong and suitable. The material 
is melted within each other and the percentage of 
dried waste can be increased in order to check if 
more organic waste can be applied. 

2. PP plastic 

Conclusion
This panel seems strong and suitable. It is possible 
to add more organic waste.  

3. PP plastic

Conclusion
The panels fall off each other, there is no binding at 
all. Probably there is too much dried waste or the 
production time is too low as well as the temperature. 
Therefore the temperature is risen up to 190 0C and 
the panel is heated up again for 5 minutes. 

This time the panel is completely melted within each 
other. And this panel feels like a solid plastic panel. 
For sure the production temperature was too low. 

10.4.2 Production

Figure 88; PP plastic panel 1

Figure 89; PP plastic panel 2

Figure 90; PP plastic panel 3.1

Figure 91; PP plastic panel 3.2

Material Density 
[kg/m3]

m3 kg %

PP 906 0,0000487 0,044 80
Dried 
waste

670 0,0000154 0,010 20

Material Density 
[kg/m3]

m3 kg %

PP 906 0,0000384 0,036 70
Dried 
waste

670 0,0000256 0,016 30

Material Density 
[kg/m3]

m3 kg %

PP 906 0,0000256 0,023 48
Dried 
waste

670 0,0000384 0,025 52
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5. PS plastic

Conclusion
This panel seems strong and suitable. Though the 
plastic is not melted completely this can be solved 
by rising the production time above 5 minutes. 
Also this panel can be optimized by increasing the 
percentage of dried waste. 

Material Density 
[kg/m3]

m3 kg %

PS 960 0,0000384 0,038 70
Dried 
waste

670 0,0000256 0,016 30

Conclusion
The panel is not bonded well at the temperature 
of 200 0C for five minutes. Therefore the panel is 
heated up again for 7,5 minutes at 200 0C.

This time the panel became a more solid strong 
panel. 

Material Density 
[kg/m3]

m3 kg %

PS 960 0,0000256 0,025 49
Dried 
waste

670 0,0000384 0,026 51

Figure 92; PS plastic panel 4

Figure 93; PS plastic panel 5

Figure 94; PS plastic panel 6

Figure 95; PS plastic panel 7

Conclusion
This panel seems strong and suitable. Though the 
plastic is not melted completely this can be solved 
by rising the production time above 5 minutes. 
Also this panel can be optimized by increasing the 
percentage of dried waste. 

Material Density 
[kg/m3]

m3 kg %

PS 960 0,0000468 0,045 80
Dried 
waste

670 0,0000171 0,011 20

4. PS plastic
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‘Wet’ waste 
1. PP plastic

‘Dried’ waste panel with second layer
For this panel, sample panel PP 3.2 is used as a 
layer. A second full plastic PP panel is melted on 
one surface. This creates a waterproof surface and 
the two layers are well melted within each other. 
Because of a lack of a nice mould, the shape of 
the panel changed but still this sample proves it is 
possible to create a panel of waste which still can 
be completely waterproof if layers of full plastic are 
applied. 

Conclusion
This panel is very weak. The plastic is melted but 
not melted with each other. Probably the moisture of 
the waste prevents a nice solid binding between the 
materials. Also the waste is shrinked because it is 
losing water, therefore the panel creates openings.
In order to try to improve this panel, the panel is 
heated up again but this time at 190 0C for 7,5 

Conclusion
This panel is very weak. The plastic is melted but 
not melted with each other. Probably the moisture 
of the waste prevents a nice solid binding between 
the materials. 
With PP plastic the panel did not bind after raising 
the temperature. For PS plastic also the panel is 
heated up again at 200 0C for 5 more minutes. 
This time the panel is melted with each other but 
feels very dirty. The panel is sticky and smells like 
garbage waste. 

Material Density 
[kg/m3]

m3 kg %

PP 906 0,0000529 0,048 80
Wet waste 1029 0,0000110 0,011 20
Total 0,000064 0,059 100

Material Density 
[kg/m3]

m3 kg %

PS 960 0,0000521 0,05 80
Wet waste 1029 0,0000119 0,012 20
Total 0,000064 0,062 100

Figure 96; PS plastic panel 2

Figure 97; PS plastic panel 2

Figure 98; PP double panel

Overall conclusion
The test with unprepared waste shows that dried waste is easier to work with and creates a more solid panel as 
a result. The unprepared waste stays dirty and will create bacteria’s within the panel. Also it releases moisture 
during the production process and shrinks, which creates weak binding and openings within the panel. 
The dried organic waste creates strong panels which feels like solid elements. 

minutes. The result is the same, the panel got a very weak binding. 
And the organic waste shrinks which creates openings within the panel. Basically the combination of non-
prepared waste and PP plastic does not create a binding.

2. PS plastic
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10.5 Conclusion
During the production of sample a lot items and facts are discovered. The main conclusion is that it is possible to 
create a product/panel made out of waste without any additives. With one type of plastic it is possible to create 
a binding between dried waste. The distribution will be 50% dried waste and 50% plastic. Next to this main 
important conclusion other items become obvious. To create a product with this material it is important to know 
what the possibilities are. Therefore some elements are described that are discovered during the production.

Shape & Production
It is possible to create flat elements, but as soon as a ritme in the material is created (like a corrugated 
shape) it is extremely difficult to remove the material from the mould. During the production phase 
a test panel of 5x2x0,5 cm has been created in corrugated shape. It was not possible to remove 
this small element from the mould and the entire panel broke. Even with silicon layers sprayed on 
the mould and baking paper applied, the material would get stuck because of its corrugated shape. 
Another problem which occurs with a corrugated shape, is that the plastic and dried waste will not 
equally be distributed. Gravity makes sure the heavy elements move towards the lower elements 
and in the end the panel cannot be strong. The only possibility of creating the corrugated shape is by 
forming the solid panel after the production in a form-station. The panel can be heated up and  formed 
into any possible shape. 

During experimental work, there was an experiments with two mould on top of each other. This was 
applied to check if it is possible to create more thickness with two moulds. Though it is not possible, the 
plastic get stuck between the two moulds and the moulds need to be separated with heavy equipment. 
In order to create more thickness, a completely new mould should be made. With a low-technical 
production, not many equipment will be used and therefore difficult shapes will create a more complex 
production. In order to make the material succeed, it is important to keep the material simple in order 
to create a smooth and successful production process.  Therefore it is possible to create shapes into 
one surface of the panel. The rest of the panel can be kept as a flat element. The cover of the mould 
will create a pattern in the upper surface. Hereby it is still easy to remove the panel from the mould and 
the ratio of plastic and waste is well distributed because the panel itself is still flat. With a gradation in 
the surface, connections can be optimized and this will create more possibilities to apply the panels. 

Practical to handle
It is easy to cut the material in different measurements with a simple saw. No special machinery is 
needed. 

Clean mould
It is important to clean the mould constantly. Even though baking paper or teflon paper is used, always 
material will get stuck to the mould. It is easy to remove this material as long as the mould is not used 
over and over again. Each time a panel is created it is very easy to scratch the plastic and waste pieces 
of the mould with a sharp element like: raisers, small kitchen knive or a stanley knive. 

10. Sample Production
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11. Sample Material tests

11.1 Heat transfer analyser
In order to check what the insulation value of the created 
material is, it is important to measure the Thermal 
conductivity with a heat transfer analyser. ISOMET 2104, 
is a type of heat transfer analyser which is used. This is a 
portable measuring instrument for direct measurement of 
thermophysical properties of a wide range of materials. It 
is equipped with needle probes or surface probes. Needle 
probes are used for porous, fibrous or soft materials. Surface 
probes are for hard materials. These probes transfer heat 
trough the material for about 8-16 minutes. During this time 
it calculates the heat flow through the material and is able to 
calculate its thermal conductivity. 

In the manual of the analyser it is described samples of at 
least 0,5-0,6 cm must be used. The samples itself are 0,5 cm 
and therefore also a measurement is done with two layers of 
the material. This will create several measurements and an 
average number can be defined as the thermal conductivity. 
Also it is possible the analyser will measure the material 
beneath the sample. Therefore the material is measured on 
top of the table or with an opening in between. 

Material Thickness 
[cm]

Thermal 
conductivity [W/
mK]

Single layer PP 
panel with opening

0,5 0,116

Single layer PP 
panel, on table

0,5 0,137

Double layer PP 
panel with opening

1 0,128

Double layer PP 
panel on table

1 0,132

Material Thickness 
[cm]

Thermal 
conductivity [W/
mK]

Single layer PS 
panel with opening

0,5 0,106

Single layer PS 
panel, on table

0,5 0,0992

Double layer PS 
panel with opening

1 0,120

Double layer PS 
panel on table

1 0,118

This gives an average thermal conductivity for the PP waste 
panel of 0,128 W/mK. And for PS waste panel of 0,11 W/mK. 

Figure 99; Heat transfer analyzer

Figure 100; Single layer PP waste panel with opening

Figure 101; Single layer PP waste panel on table

Figure 102; Single layer PS waste panel with opening
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11.2 Water absorption test
First small samples are created (160x100x4 mm) with a production pressure of 100 kN for 5 minutes at 1800C.
The water test is done by putting small samples (160x100x5mm) of the waste PP panel and waste PS panel in 
water for 24 hours. The weight is weighted before and after. This will shown the percentage of absorption for 
the panels.

Type of plastic Weight before [g] Weight after [g] % Absorption
PP 55 60 9
PS 60 61 1,6

Both panels absorb water because the outside surface of the material is not completely closed. This problem 
can be solved by making sure a small layer of pure PP or PS plastic is applied on the mould before the entire 
mixture is applied and on top of the mixture. By this procedure smooth surfaces can be created which do not 
absorb any water. 
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11.3 Structural check-up
In order to check if the material is suitable to use 
as a façade and roof material for slum areas. It is 
important to check the structural strength of the PP-
waste panel and the PS- waste panel

Before a 3 point Flexural test has been applied, while 
a 4 point flexural test gives more precise information 
then a 3 point flexural test. Though plastic showes 
elastic behaviour and therefore a 4 point flexural 
test cannot be applied and the 3 point flexural test 
is needed. In order to compare the current outcome 
with the original test it is important again a 3 point 
Flexural Test will be applied. Appendix 9This check-up 
will show if the material gets weaker or stronger with 
waste material as a filling. 

Figure 103 and  104 show the test set-up. A force 
is applied in the middle of the panel surface. This 
force is raised with a constant speed of 2,1 mm/min. 
The deflection is measured with a deflection meter, 
figure 104. The pressing machine is connected with 
a computer in order to create a graph of the pressure 
and deflection. 

Figure 103; Test machine

Figure 104; Test (green meter is the deflection meter)

Figure 105; 3 Point Flexural Test

3 point flexural test - graphs/calculations
The graph of the PP and PS panels are combined 
into one scheme. Calculations are made to calculate 
the strength of each type of panel. 
To make a comparison of each group all the 
graphs per panel are combined into one scheme. 
Calculations are made to calculate the maximum 
wind force on each type of panel. 
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PS plastic F = 200 N
Gives a q of:  
Fl3/48 =  5ql4/384
F/48  =  5ql/384
200/48 = (5q*200)/384
q = 1,6 N/mm2

Appendix 9 shows the calculations for the wind force on a building surface and the wind force on the roof of a 
building.  Below these forces are showed. 

Wind force on a building surface q = 0,79 N/mm2

Wind force on a roof  of a building q = 1,26 N/mm2

Both materials, PS-waste panel and PP-waste panel are above these maximum wind forces. Which means the 
material can be used as a cover material. Though it is important a supporting structure is applied. A grid needs 
to be used which makes sure the panels are supported. With a support behind the panel, the panel is able to 
handle more windforces. At the moment the calculated wind forces are extremely low because slum areas are 
mostly applied in densed cities and consist of a small structure. Though sometimes a slum area can be applied 
in an open area or a storm can occur. It the panel is supported with a grid support every 600 mm. The maximum 
force can go up to 600 N for PS panels. 

PP plastic F = 501 N
Gives a q of:  
Fl3/48 =  5ql4/384
F/48  =  5ql/384
501/48 = (5q*200)/384
q = 4,0 N/mm2

PS
Fl3/48 =  5ql4/384
F/48  =  5ql/384
F/48 = (5*1,6*600)/384
F = 600 N

PP
Fl3/48 =  5ql4/384
F/48  =  5ql/384
F/48 = (5*4*600)/384
F = 1500 N
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Disadvantages:
• Bad insulation qualities to protect against hot and 

cold climate
• It is an energy-intensive product to manufacture. 

In addition, the product does need to be grounded 
when it is installed to prevent electric shock.

• Noise when rain, sleet and hail hit the corrugated 
steel.

• Thermal expansion and movement 
• Rapid corrosion

Benefits:
• Strong
• Watertight
• Durable
• Easy to assemble
• Easy to cut
• Overlapping structure
• Light (earthquake areas)
• Bent/foldable in one direction, to fold the material 

on the edges
• Rigid in other direction

Quality corrugated steel sheets

12.1 Kg plastic waste per panel

12.2 Quality corrugated steel sheets

Material Density 
[kg/m3]

m3 kg %

PS 960 0,002958333 2,84 50
Dried 
waste

670 0,004241667 2,84 50

Total 0,0072 5,7 100

Material Density 
[kg/m3]

m3 kg %

PET 1380 0,002353171 3,25 50
Dried 
waste

670 0,004846829 3,25 50

Total 0,0072 6,5 100

Material Density 
[kg/m3]

m3 kg %

PP 906 0,003060916 2,773 50
Dried 
waste

670 0,004139084 2,773 50

Total 0,0072 5,546 100
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12.3 Possibilities product

Variant 1 -->  Corrugated panel made with formstation

Variant 2 --> Corrugated panel made with mould

Variant 3 --> overlap with strips cut out of one element

Variant 4 --> different mould creating several strips 

Variant 5 --> Melted strips on side other element against, waste in between

Variant 6 --> shape different with connection point

Variant 1: Corrugated panel made with formstation
Because a corrugated panel is not possible to make with waste in a mould (it 
breaks when the mold is removed from the panel), there is a possibility to create the 
corrugated shape by forming a flat panel into a corrugated panel in a formstation. 
There the panel is heated up again and pushed through rolling elements which create 
the corrugated shape in the panel. This process is done several times till the panel 
got the corrugated shape. 

Production
 Advantage
 -

Disadvantage
- The production needs a lot of energy consuming processes. First a flat 
board is created with a mouulding process (mixture is applied in mould, 
heated up and pressed into a panel). After this process, the flat panel is 
pushed through a formstation. A formstation consist of heating element 
where a panel is preheated and pushed through several rolling elements. 
These rolling elements create a corrugated shape. After the rolling elements, 
the panel needs to be cooled at constant temperature to keep its corrugated 
shape

Use
 Advantage

- It is easy to apply these panel because of their overlapping shape. Without 
any knowledge it is easy to create waterproof connections. 
Disadvantage
- The material is a single layer and in order to apply a insulating buffer, 
several  layers need to be applied on top of each other. 
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Variant 3 --> different mould creating several strips 
Describing: This consist of one type of panel and one type of strips. Several panels 
are created with the pressing machine with a mould. The strips are created within 
another mould which can be applied in the same pressing machine with the same 
type of production process. Between two panels a strip is applied to keep the material 
together and to create a connection with another element by nails. Basically this 
variant is the same as variant 2 only now the strips are created by a mould. 

Production
Advantage

- The strips are created with a mould, which creates a same production 
process as the panels. No extra steps are needed in the production and with 
one simple principle all the elements are created
Disadvantage
- An extra mould needs to be created with increases the costs. 

Use
Advantage
- An overlap within the connection, it is easy to apply also towards current 
materials. 
- It is possible to apply several layers on top of each other, to adapt the 
product to a specific climate. 
Disadvantage
- It takes time and energy for people to apply the product as a wall.

Variant 2 --> overlap with strips cutted out of one element

Describing: This consist of one type of panel. Several panels are created with the 
pressing machine with the same mould. A handsaw is needed to cut one panel into 
strips. Between two panels a strip is applied to keep the material together and to 
create a connection with another element by nails. 

Production
Advantage
- One simple mould needed and a handsaw to cut the element into strips
Disadvantage
- In order to cut the panels into strips, it will need effort and time. It is possible 
to cut the panels but will need some human force. Not every person will be 
able to cut the panel into strips. 
- Still extra energy is needed to create the strips. A panel need to be produced 
with the moulding process and then will be cutted into elements. 

Use
Advantage
- An overlap within the connection, it is easy to apply also towards current 
materials. 
- It is possible to apply several layers on top of each other, to adapt the 
product to a specific climate. 
Disadvantage
- It takes time and energy for people to apply the product as a wall.

12. Product strategy
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Variant 4 --> Melted strips on side other element against, waste in between
Describing: This consist of one type of panel and one type of strips. Several panels 
are created with the pressing machine with a mould. The strips are created within 
another mould which can be applied in the same pressing machine with the same 
type of production process. Between two panels a strip is applied to keep the material 
together and to create a connection with another element by melting the endings 
towards each other. Basically this variant is the same as variant 2 & 3 only now the 
strips are melted against the panel in stead of applying nails. 

Production
Advantage
- The strips are created with a mould, which creates a same production 
process as the panels. No extra steps are needed in the production and with 
one simple principle all the elements are created
Disadvantage
- An extra mould needs to be created with increases the costs. 

Use
Advantage
- An overlap within the connection, it is easy to apply also towards current 
materials. 
- It is possible to apply several layers on top of each other, to adapt the 
product to a specific climate. 
Disadvantage
- It is not possible to remove a layer and replace by a new panel cause all the 
elements are melted together
- For connection elements together, still nails are needed. Only one element 
is melted within each other but for connecting all the elements together in a 
building it is not possible to meld them together.  
- For the connection of the product itself no nails are needed, but to apply 
the product in a current housing situation, still screws or nails are needed

Variant 5 --> shape different with connection point --> Very complex during creation 
phase, difficult to remove from mould
Variant 5 is a panel which got a connection point within his shape. The endings stand 
up which makes it easy to connect with different panels. It is easy to connect and no 
extra steps are needed to create a connection point with two panels. 

Production
Advantage
- The strips are created with on mould, which makes it simple and no extra 
steps are needed. 
Disadvantage
- It is difficult to make an equal mixture with a complex shape at the endings, 
it is possible the plastic is not well distributed. 
- It is very difficult to remove from the mould. Enough silicon spray is needed 
and the process needs to be done carefully. 

 
Use

Advantage
- An overlap within the connection, it is easy to apply without extra steps
Disadvantage
- When a connection part breaks, the entire panel becomes useless and 
needs to be replaced. 
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Production
Procedures needed
1. =  An extra completely different procedure is needed which costs electric energy and consist of several steps, 
like: formstation. Formstation itself consist of several complex procedures. 
2. = 4 more complex procedures. Moulding process, a process where strips are created (by moulding or cutting), 
these strips will be attached by another moulding process. And the panels need to be coated with a fireproof 
retardant. 
3. = 4 procedures. Moulding process, a cutting process where a panel is cutted into strips or an extra moulding 
process where strips are created. These strips will be attached by nails. And the panels needs to be coated 
with a fireproof retardant. 
4. = 2 procedures. Moulding process and an fireproof retardant coating procedure. 
5. = 1 procedure, only moulding process, no extra procedures needed. 

Tools needed after heavy production processes. 
1. = Heavy equipment is needed like an oven to melt elements within each other in order to apply it. 
2. = Extra equipment is needed like an extra type of mould which is created beforehand. 
3. = Light equipment like hammer, screwdriver, saw is needed to attach the product itself after moulding process. 
(before applying to a house, just to attach the product). 
4. = One tool is needed, like a hammer to connect elements within each other. Connections are in the product 
itself so no nails are needed. Just an element which can knock parts together. 
5. = No tools needed, after the moulding process the product does not need extra procedure with tools or 
machinery

Amount of energy needed
1. = Energy needed for moulding process and an extra procedure like formstation which consist of several 
energy needed steps. 
2. = Energy is needed in order to create a moulding process twice or melt elements together with a same 
procedure. Also for strips cutted out of the panels this means an extra moulding process is needed to create 
more panels. 
3. = Energy needed in order to heat up elements for one moulding process, afterwards all the production 
processes are manual with simple tools which need energy as well (electric sawing machines, screwdrivers 
etc.)
4. = Energy needed in order to heat up elements for one moulding process, afterwards all the production 
processes are manual with simple tools. 
5. = No energy needed all production processes are with simple tools. 

Easy to remove from mould
1. = Product is removed from mould with heavy force, and panel will break into small elements. 
2. = Product is removed from mould with force, and panel will be damaged 
3. = In order to remove product from mould, some tools are needed like an hammer. 
4. = Baking paper or teflon layer is applied on the mould, this makes it easy to remove panel from mould. 
5. = Easy to remove panel from mould, without force the panel get loose from the mould. No baking paper of 
teflon foil is used

Use
Easy to disassemble panels within each other
1. = It is not possible to disassemble or replace a panel when it is connected. 
2. = It is possible to disassemble panels with each other by heave force (heavy machinery, saw etc.), panel will 
be damaged and cannot be assembled afterwards.
3. = It is possible to disassemble panels with each other by heave force (heavy machinery, saw etc.), panel will 
be damaged but can be assembled afterwards. 
4. = It is possible to disassemble panels with a hammer (to remove nails), the panel might get small damages.
5. = It is possible to disassemble and assemble the panels within the material, without any extra joint like nails/
screw etc. 
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Easy to cut/handle/saw
1. = It is not possible to cut the material. The connection will be damaged and the panel becomes useless.
2. = It is possible to cut the material, but the connection strip needs to be melted again to the panel. 
3. = It is possible to cut the material, only good preparation is needed. Strips need to be demolished, the panel 
can be cutted and the strips need to be applied by nails again tot he panel. 
4. = It is possible to cut, the product without damaging connections. But force is needed with light tools, like a 
saw.
5. = It is possible to change the measurements of the product without any tools. 

Comfort
1. =  The product does not consist of any insulating value. Also no extra layers can be attached on top of each 
other. 
2. = The product itself does not consist of any thermal buffer. No extra insulation can be applied, only panels 
can be attached on top of each other to create a buffer with its own material. Or an extra material needs to be 
attached to create opening layers. 
3. = The product itself does not consist of any thermal buffer. Though several layers can be applied in order to 
adapt the product to a climate. 
4. = The product itself consist of a buffer which can be approved for thermal insulation, ventilation or as an 
sound insulation proof buffer. This can be done by applying dried waste within the layers, or to create ventilation 
openings. 
5. = The product itself is comfortable, does not need any improvement. 

Knowledge about construction (complexity)
1. = It is not possible to apply the product without any knowledge of construction. A team of experts need to 
apply the product
2. = The entire product is applied according elements on the sides. This means a manual is needed to apply 
the product in order, like an ikea package. 
3. = The entire product works with one single connection principle. 
4. = Only people need to know how to apply nails in the material. So they should be used working with a 
hammer. 
5. = No knowledge is needed, the entire product works with one single connection principle. Not even tools are 
needed. 
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This analysis shows the best options for a product, is an overlap with strips cut out of one element. Or an 
overlap created with strips from a different mould. Both types of panels have potential. The advantage of a 
second mould is that the assembling time of the panels towards a house can be done quickly and less effort 
is needed. Not all the inhabitants are able to connect elements themselves and with a second mould the 
connections do not need to be cut out of the materials, but are ready to use. 

Shape 1. Corrugated 
panel shape 
made with 
formstation

2. Overlap with 
strips cutted 
out of one 
element

3. 2 types of 
mold, on for 
strips one for 
elements

4. Melted 
strips on side 
other element 
against

5. Shape 
different in 
connection 
point

Production
Procedures needed 
(amount)

1 3 3 2 4

Tools needed 3 3 2 1 3
Amount of energy 
needed

1 2 2 2 4

Easy to remove from 
mold

4 4 4 4 2

Use
Disassemble & 
assemble product

4 4 4 2 4

Easy to cut/handle/
saw

4 3 3 2 1

Comfort 2 4 4 4 2

Complexity, needed 
skills

4 3 3 3 2

Total 23 26 25 20 22
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13. MCA ‘new product’

13.1 MCA ‘New Product’
For this MCA the same criteria and circumstances as the original MCA, appendix 3. Therefore those criteria’s 
are not described for this analyzes. And this chapter only shows the results of the MCA with the exact same 
circumstances as the original, appendix 3. 
With an MCA, maximum 8 options can be analysed. Because Pollibrick got the lowest score in the original 
MCA, it is replaced with the ‘new product’. 

1. Method and assumption
A multi-criteria analysis, MCA, is comparing measurable sets of criteria to assess how far different options are 
achieving intended objectives. A MCA is an assessment method that tries to supply an unrefined view on the 
many different dimensions on the options. Still a MCA can integrate quantitative data like costs as one of the 
many dimensions into account. (Kirkels, 2012)

Key elements of the MCA method are the performance matrix, the weighing and the ranking process. The 
performance matrix gives an overview on the scoring of all evaluated options with respect to all criteria taken 
into account. In order to compare alternative options scoring on different criteria scales in different directions 
(trade-offs) it is necessary to put weights representing the relative importance associated with the respective 
criteria on the scoring results. (Kirkels, 2012)

Normally it is difficult to make judgments on different alternatives taking into account more than seven criteria at 
once. But a MCA can easily supply more than seven criteria. Therefore a MCA has its methodological problems 
that should be tested for their robustness in the sense of a sensitivity analysis. Hereby the robustness of the 
weighing factors are checked. An actor analysis checks how the ending scores will change when the products 
are analyzed in the view of different scenarios. (Kirkels, 2012)

2. MCA
Top goal MCA
In this MCA the goal of the study is to provide an insight in order to check what kind of products is the most 
suitable of all for the needs of slum areas. The top goal is stated as follows: which out of the different products 
made out of waste is the most suitable for slum areas in emerging countries in terms of availability, low-cost, 
high-tech quality and improvement of current situation. 
Alternatives MCA
There are many different building products made out of waste made. The products are produces in a high-tech 
or low-tech way. In order to make a good comparison between all the options from each waste components only 
plastic, paper, organic waste and combined waste are chosen. From each waste components, two products are 
chosen and will be compared. Below all the products are described and chapter 4, explains the materials and 
their production processes in a more detailed way.

Plastic
1. New panel: 
The production process is very simple. All the materials are separated on a collection centre. From there 
valuable materials will be sold. Plastic is separated in its type and PP, PET, PS plastic will be used. Organic 
waste and paper waste is natural dried and eventually cutted into small elements. With a small machine a 
mixture of plastic and dried waste is mixed in a mould. This mould is heated up and by manual pressing 
technique the pressure is applied. After wards these panels can be sold to slum inhabitants themselves. And 
furniture and other product are possible to create. 
The other options are described in appendix 3. 
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13. MCA ‘new product’

Demarcation of MCA study
A MCA is analyzing a number of different products made out of waste into considering various criteria. The top 
goal in this assessment is which products made out of waste is the most suitable for slum areas in emerging 
countries in terms of availability, low-cost, high-tech quality and improvement of current situation. 

MCA matrix
Evaluation matrix
In this chapter the evaluation matrix of the MCA is shown. The score of each variable is given in the matrix. 
Quantitative data is used wherever possible, but because of a lack of information mostly qualitative data is 
used. A five-point scale is used for the qualitative data, where five pluses indicate the best option and one plus 
indicates the least option. 
The +/- column indicates the direction of the effect. A ‘+’ means that a higher score is positive, a ‘-‘ means the 
opposite. 
The weighing factors are given in the last column. They indicate the importance of the effects with respect to 
each other. The results are weighted by dividing 100 points among all the effect. Because the weighing factors 
are assigned by the researchers view, they are open for discussion and that is why in the end an actor analysis 
is applied. This way it is checked when the weighing factors are created in a different view, how this influences 
the final results. 

New 
Panel

PT-
house

Paper-
brick 
India

Stak-
blocks

Hemp-
crete

Loofah 
high-
tech

Loofah 
Low-
tech

+/- W

Economics
Production 
local market 5 4-6 1-8 4-9 4-3 3-4 -5 5 5-2 -7 + 5

Price 5 4-6 3-8 4-9 3-3 3-4 -5 3 5-2 + 15
Costs 4 5-6 3-8 4-9 5-3 3-4 -5 3 5-2 + 10
Environment  
Future use 4 2-6 3-8 3-9 5-3 4-5 5 5-2 -7 + 5
Emissions 2 5-6 4-8 5-9 4-3 2-5 4 5-2 + 10
Waste created 
during
production

5 4-6 3-8 4-9 3-3 3-5 3 3-2 -7 + 15

Social  
Health 5 4-6 5-8 5-9 5-3 3-4 4 5-2 -7 + 10
Social 
improvement 5 2-6 2-8 2-9 2-3 2-4 5 5-2 -7 + 5

Technical  
Lifespan 1 1-6 1-8 1-9 1-3 5-5 4 3-2 + 10
Reliability 4 1-6 1-8 2-9 3-3 4-5 4 4-2 + 5
Practical to 
handle 5 3-6 4-8 4-9 3-3 4-5 5 5-2 + 10

Figure 106; MCA evaluation matrix

Sources appendix 3, pag. 24
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Qualitative data
No standardization is needed for qualitative data and the dominance score indicates as well how much better or 
worse option i is than option i’, taking into account the weighing factor w per effect j. 
A

ii’
 = sum w

j
  x sgn(n

ji
 – n

ji’
)

‘sgn (…)’shows whether a specific weighing factor should be added, subtracted, or neglected, and therefore can 
have the values of +, - and 0. The sign of the factor ‘sgn(…)’ depends on the direction of the effect. For a positive 
effect sgn(n

ji 
– n

ji’
) is:

= +, if n
ji
 has more + scores than n

ji’
= 0, if n

ji 
has the same number of +scores than n

ji’
= +, if n

ji
 has fewer + scores than n

ji’
For a negative direction the opposite is true for sgn(n

ji
 – n

ji’
). This formula assumes that the number of plusses 

      
After these calculation the dominance scores for the qualitative and quantitative data are compared and the 
overall dominance score for each two-option comparison is calculated by using the following formula. In this 
formula Mii’ is the overall dominance score of option i with respect to option i’.
Mii’ = wqtdii’ + wqw§ii’ 

Quantitative 
variable

New 
Panel

PT-
house

Paperbrick 
spain

Paper-
brick India

Stak-
blocks

Hemp-
crete

Loofah 
high-tech

Loofah 
Low-tech

New Panel - 50 60 50 30 60 25 -20
PT-house -50 - 30 -20 20 35 10 -40
Paper brick 
Spain

-60 -30 - -60 -15 -5 -20 -65

Paper brick 
India

-50 20 60 - 30 45 20 -50

Stakblocks -30 -20 15 -30 - 15 -5 -60
Hempcrete -60 -35 5 -45 -15 - -35 -60
Loofah high-
tech

-25 -10 20 -20 5 35 - -35

A
ii’
 = sum w

j 
 x sgn(n

ji
 – n

ji’
) 

Variable New 
Panel

PT-
house

Paperbrick 
spain

Paper-
brick India

Stak-
blocks

Hemp-
crete

Loofah 
high-tech

Loofah 
Low-tech

New panel 8,62 10,34 8,62 5,17 10,34 4,31 -3,45
PT-house -8,62 5,17 -3,45 3,45 6,03 1,72 -6,90
Paper brick 
Spain

-10,34 -5,17 -10,34 -2,59 -0,86 -3,45 -11,21

Paper brick 
India

-8,62 3,45 10,34 5,17 7,76 3,45 -8,62

Stakblocks -5,17 -3,45 2,59 -5,17 2,59 -0,86 -10,34
Hempcrete -10,34 -6,03 0,86 -7,76 -2,59 -6,03 -10,34
Loofah high-
tech

-4,31 -1,72 3,45 -3,45 0,86 6,03 -6,03

13. MCA ‘new product’
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These calculation provide the ranking of the alternative in the table below.

Loofah low-tech is number one followed by: Panel, Paper brick India, PT-house, Loofah high-tech, Stakblocks, 
Hempcrete and eventually Paper brick Spain . Before having a final judgment about the alternative, a sensitivity 
analysis is needed to check whether or not the applied weighing factors and criteria are reliable. 

13.2 Sensitivity analysis
4.2.1 Excluding of a criteria
The goal of a sensitivity analysis is to check if the final ranking might be influenced by uncertain data or small 
changes in the weighing factors. By excluding a criterion ones a time and calculating the overall dominance 
score again, there is a check of how solid the conclusion of the MCA is. (Kirkels, 2012)
In this MCA four criteria are selected that will be excluded; price, social improvement, lifespan and practical to 
handle.  The selection is made on the basis of unreliability of the data. 

Rank

Panel 2
PT-house 4
Paper brick 
Spain

8

Paper brick 
India

3

Stakblocks 6
Hempcrete 7
Loofah high-
tech

5

Original 
weight 
factor

Excluding
social 

Excluding 
lifespan

Excluding 
practical to 
handle

Excluding 
emissions

Economics
Production 
local market 5 6,5 5,5 6 6 6

Price 15 16,5 15,5 16 16 16
Costs 10 11,5 10,5 11 11 11
Environment   
Future use 5 6,5 5,5 6 6 6
Emissions 10 11,5 10,5 11 11 0
Waste created 
during
production

15 0 15,5 16 16 16

Social   
Health 10 11,5 10,5 11 11 11
Social 
improvement 5 6,5 0 6 6 6

Technical  
Lifespan 10 11,5 10,5 0 11 11
Reliability 5 6,5 5,5 6 6 6
Practical to 
handle 10 11,5 10,5 11 0 11

13. MCA ‘new product’
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Overall New 
Panel

PT-
house

Paperbrick 
spain

Paper-
brick India

Stak-
blocks

Hemp-
crete

Loofah 
high-tech

Loofah 
Low-tech

Original 2 4 8 3 6 7 5 1
Excluding price 2 6 8 4 5 7 3 1
Excluding 
social 
improvement

2
4 8 3 6 7 5 1

Excluding 
Lifespan

2 4 7 3 6 8 5 1

Excluding 
practical to 
handle

2
4 8 3 5 7 6 1

The exclusion of the different criteria will make a change in the weight from the other criteria. These weight 
changes the original calculation of rank are different. With the new weight factors there are made new 
calculations in excel. In the next table shows the different ranks summed up. 

These results show all the criteria influence the final result but not that much. Loofah low-tech comes out as 
the best option for each calculation, except when emissions is excluded. The panel wins. This is interesting 
because at the moment the panel scores low in the emissions. It is not sure in how many amount emissions will 
be released. When plastic is burned, all the emission will release. But when the material is heated up, there are 
a few emissions but not in many amounts.
Same counts for lifespan. Though loofah low-tech still wins, it might that panel scores higher with its lifespan. 
At the moment the panel scores low in its lifespan, because it is not sure what the lifespan of the product is. 
Loofah low-tech scores the highest out of this analyzes because it is a product which does not need any kind of 
machinery. People create it by hand. Though only organic waste is used in the panel and clay is used to finish 
the panel on the outside layer. This means the panel do not consist 100% out of waste. The amount of waste 
which is reduced is more limited. While with the new designed panel, it consist 100% out of waste. Plastic, 
organic waste and paper. This creates a combination of different materials which together form a new product. 

13.3 Actor analysis
The different actors, scenarios, will have a different view on the importance of the criteria, and the weighing 
factor. The choice of the weighing factors can be explained as follows: 

Government: the governments concern is the current waste problems and the grow of slum inhabitants. 
This means the waste created during production is important, the future use, the lifetime and the reliability of 
the product in order to make sure the product is also improving the living situation of slum inhabitants. Also 
production process in local market is important to make sure their own economy got positive outcome with the 
new product. 

Companies: Companies are interested in the economic benefits of their design as well as the reliability of the 
product. If the product is reliable this means the government and slum inhabitants will try to buy more of their 
product. This is why the costs for the company (investent, production costs) have got to be low and this is very 
important for them. Production in local market can be a benefit for the company if it saves transportation costs. 
At the same moment this is not a main issue for them, cause they want to create the product in any kind a 
country, as long as it is a cheap production process. 

Inhabitants: For inhabitants it is very important that the product is healthy, reliable and practical to handle. Also 
they need a social improvement in their living situations as well as getting a job. This is why also production 
in local market and social improvement have to score high. The product got to be cheap or being paid by the 
government. 

13. MCA ‘new product’
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Overall Panel PT-
house

Paperbrick 
spain

Paper-
brick India

Stak-
blocks

Hemp-
crete

Loofah 
high-tech

Loofah 
Low-tech

Original 2 4 8 3 6 7 5 1
Government 1 6 8 4 5 7 3 2
Companies 2 3 8 5 5 7 6 1
Inhabitants 1 6 8 4 5 7 3 2

Original 
weight 
factor

Government Companies Inhabitants

Economics
Production 
local market 5 15 3 20

Price 15 5 5 6
Costs 10 5 25 5
Environment  
Future use 5 15 5 2
Emissions 10 10 15 3
Waste created 
during
production

15 20 15 7

Social  
Health 10 5 5 15
Social 
improvement 5 10 2 10

Technical  
Lifespan 10 2 5 2
Reliability 5 10 15 15

As can been seen on the diagram, the different views create a different outcomes. It shows the two winning 
products are competing with each other. Loofah low-tech wins originallly and also from a companies view. 
Though if this analyzis is checked with a governmental view or a view of inhabitants, the new panel wins. This is 
understandable because the panel does not create waste during the production process and has a clear future 
use. Also it creates social improvement and the panel is produced in a local market. Basically this  shows the 
panel and loofah low-tech both comes out as the best product. The differences of the product are in the lifespan 
and emissions. For the new panel these factors are not completely sure, because the material is new. While for 
the loofah low-tech panel these elements are checked and completely clean. 

13.4 Conclusion
A final conclusion is that the new panel and loofah low-tech design both come out as the best option. Both of 
them are produced in a local market with low prices and costs. There is a strategy for future use and the waste 
created during its production phase is kept low. Also these two products have a strategy for not only a technical 
improvement for the house, as well as a social improvement for their current economical status. 
If the new panel is developed further which will give more information about its lifespan and the emissions, this 
panel will win the analyzes. At the moment those are the only two uncertain factors and therefore the panel 
should be developed into a more precisely defined product. 

13. MCA ‘new product’
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14. Manual Pressing Machinery

Gas fire

Steel closed box 

with thermal oil

Steel closed box 

with thermal oil

Mixture

Mould cover

Mould

Hand pump

Step 1: Heat up oil

Step 2: Open machinery

Step 3: Mixture

Step 4: Apply pressure

Step 5: Pump oil

Step 6: Open machinery

Step 7: Cooling down

Step 8: Repeat process

Overview Press & heating elements
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14. Manual Pressing Machinery

Heat up the oil hot plates, without the mould in 
between the plates. This is done to speed up the 
heating process of the upper hot plate. 

Open the machinery

Apply mixture in mould

Leave mould in open air with heavy elements on top.
The heavy elements are needed to prevent extreme 
deform process of the panel. 

Apply mould with mixture between the hot plates 
and close and apply pressure the press.

Step 2

Step 3

Step 5

Step 7 Step 8

Step 6

The panel is finished and the process can be 
repeated for a new mixture. 

Open machinery 
Close the oil tap and remove the oil pipes before the 
machine is opened. 

Pump oil for 15 minutes
By an engine or by lack of an engine a hand pump 
can be used. 

Step 1

Step 4
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15. Overview waste products
Product Made by High/

low-
tech

Materials Purpose Production method Market/
where?

Costs Succes? Examples 
and information

High-tech products
Combined material
1. 
Thermo 
Poly 
Rock 
(TPR3)

Company 
Affresol

High-
tech/
up-
cycle

Plastic 
mixed with 
resin and 
poured like 
concrete

Low cost 
& social 
housing

Cold process: This 
pre selected waste 
is recycled then size 
reduced, after which 
it is mixed with a 
Resin and the TPR 
Polymers. The result 
is a mouldable liquid 
compound that is 
poured like concrete 
and when it is cured 
is stronger than 
concrete.

On the 
market, 
England, 
UK

Unknown Waterproof, fire-
retardant and rot-
proof. Insulating 
and recyclable

Photo Websites/sources
1.  http://www.affresol.com/non-timber-
framed-low-cost-housing.asp
2. http://inhabitat.com/affresol-makes-
modular-homes-out-of-recycled-plastic

2. 
Loofah 
panel

Elsa 
Zaldívar 
& Pedro 
Padrós

High-
tech/
up-
cycle 

Recycled 
plastic and 
agricultural 
fibers, like 
loofah/corn 
husks and 
caranday 
palm tree

lightweight 
panels 
meant for 
Low cost 
housing 
and reduce 
the need 
for wood 
in a highly 
deforested 
country + 
generate 
income

Melt a mixture of 
recycled plastic and 
combine the resulting 
liquid with loofah and 
other vegetable fibres 
(cotton netting or 
chopped corn husks) 
and create panels. 
The thickness of the 
panel depends on the 
composite and exact 
mix.

Small 
market in  
Paraguay

US$6 per 
square 
metre to 
produce

She won the 
Rolex Award for 
Enterprise, still 
putting it on a 
market especially 
to create an 
income for 
poor woman in 
Paraguay. Also 
it is a lightweight 
panel, create 
income, no paint 
necessary.

Photo Websites/sources
1. http://inhabitat.com/sustainable-and-
recycable-housing-made-from-loofahs/
2. http://www.rolexawards.com/profiles/
laureates/elsa_zaldvar/project
http://www.theedgemalaysia.com/deco-a-
garden/152002-recyclable-abodes-.html

3. 
Regupol, 
Aktivpro 
tile

Regupol High-
tech

Recycled 
rubber 
flooring

Common like textile 
recycling, rubber is 
selected/cleaned/
remelted and 
reproduced. 

International Unknown -

Photo Webistes/sources
1. http://www.regupol.com/aktivpro.html
2. http://www.ebuild.com/
articles/1618632.hwx
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15. Overview waste products
Product Made by High/

low-
tech

Materials Purpose Production method Market/where? Costs Succes? Exam-
ples and informa-
tion

High-tech materils
Glass
4. 
Heineken 
WOBO 
(world 
bottle 
brick)

Alfred 
‘Freddy’ 

High-
tech

Glass Beer bottle 
that can 
be used 
as a ‘brick 
and mortar’ 
construction

Bottle was meant 
to lay horizontally, 
interlock and 
layout in the 
same manner as 
‘brick and mortar’ 
construction.

No not on the 
market

Unknown Not on the 
market 
because of 
financial costs. 
Production costs 
are too high, 
no benefits for 
Heineken.

Photo Websites/sources
1. http://www.adweek.com/adfreak/how-
brick-shaped-heineken-bottle-almost-
changed-world-50-years-ago-143190
2. http://inhabitat.com/heineken-wobo-the-
brick-that-holds-beer/

Plastic
5. 
Recycle 
plastic 
zoals 
HDPE, 
LDPE, 
LLDPE, 
PP,PS, 
EPS

Daly 
Plastics 
& 
recycling 
etc.

High 
Tech

HDPE, 
LDPE, 
LLDPE, 
PP, PS, 
EPS, 
PVC, 
PET, 
ABS, 
PMMA, 
POM, PA, 
SAN, PC

Any kind of 
purpose

The plastic is being 
sorted, shredded/
grinding,  remove 
the toxics by 
filtering, remove 
the metals and final 
there is an ending 
product that can be 
used to create new 
plastic. 

Yes, in a lot 
of western 
countries 
like the 
Netherlands, 
England, 
Belgium, 
Germany

Depends 
on local 
market 
and 
value of 
plastic

Photo Websites/sources
1. http://www.nedvang.nl/#!/bedrijven/intro
2. http://www.recycling.nl/recycling/hdpe-
plastic-recycling-kunststof/wat-is-hdpe-
kunststof.html
3. http://www.plasticrecycling.nl/
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15. Overview waste products
Product Made by High/

low-
tech

Materials Purpose Production method Market/
where?

Costs Succes? 
Examples and 
information

7. Ecomat 
Plastic brick

Ecomat High-
tech

unknown 
(recycled 
plastic)

Building 
material for 
developing 
nations or 
emergency 
housing

Unknown (most 
probably melted 
and pressed into 
a mold).

Yes, there 
are some 
(pilot) 
projects in 
Italy

Unknown Dimensions: 
cm 8.00 x 
25.00 x 33.00 
weight kg 1.49                     
cm. 16.00 x 
25.00 x 33.00 
weight kg. 3.32

Photo Websites/sources
1. http://www.ecomatresearch.com/
inglese/mattek.html
2. http://inhabitat.com/ecomats-lego-like-
building-bricks-let-you-create-your-own-
castle/
3. http://www.ecomatresearch.com/
inglese/Ecomat.html

8. Byfusion 
Technology

Byfusion High-
tech

All kind 
of plastic 
waste

To built 
hurrican 
and tsunami 
shelters 
and cheap 
sustainable 
houses 
where wood 
is scarce

One machine 
which washes, 
crushes and 
presses all the 
waste together 
into one cuilding 
brick.

Not on 
big scale, 
only small 
projects in 
developing 
countries

-

Photo Websites/sources
1. http://www.byfusion.net/videos.html
2. http://www.odt.co.nz/news/
dunedin/121078/otago-man-makes-
plastic-fantastic

Paper
9. Shigeru 
ban 
Cardboard 
architecture

Shigeru 
Ban

High-tech 
structures

Cardboard High-tech 
structures, 
meants as an 
alternative 
building 
material

Several 
buildings 
got his 
way of 
construction 
(France, 
Japan, 
England 
and others)

As well as 
a lowcost 
material 
(disaster 
areas) 
as a very 
expensive 
material 
(centre 
Pompidou 
Metz)

A succes cause 
it is applied in 
several fields. 
Shigeru ban is still 
having research 
on his technique 
and opportunities.

Photo Webistes/sources
1. http://www.shigerubanarchitects.com/
2. Book (Miyake et. al., 2009)
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Product Made by High/low-

tech
Materials Purpose Production method Market/

where?
Costs Succes? Examples 

and information
10. 
Paper 
brick 
Spain

University 
of Jaen 
(spain)

High-tech 
product 
and 
production

Cellulose 
waste and 
clay

Alternative 
building 
material. 
To use 
less 
energy.

The scientists 
gathered cellulose 
waste from a 
paper mill, along 
with sludge left 
over from the 
purification process 
of that plant’s 
waste water. 
Those substances 
were mixed with 
clay, pressurized 
and extruded in 
one long element. 
Eventually this was 
sliced into bricks 
and fired in a kiln.

Developed 
at the 
university 
of Jaen
 in Spain

Not yet 
on the 
market

The production 
process requires 
less time for 
the material to 
bake than the 
conventional 
bricks. The 3x1x6 
cm paper bricks 
have low thermal 
conductivity, 
which gives them 
good insulating 
properties.It is 
a succes, only 
the mechanical 
strength is lowed 
compared to 
traditional bricks. 
That is why they 
are still improving 
the brick before 
applying it on the 
market. (research 
of 2012).

Photo Websites/sources
1. http://www.treehugger.com/clean-
technology/paper-waste-could-be-made-
eco-friendly-bricks.html
2. http://www.eurekalert.org/pub_
releases/2012-12/f-sf-pwu121912.php
3. http://inhabitat.com/scientists-at-
spains-university-of-jaen-create-eco-
friendly-bricks-from-paper-waste/

11. 
Paper 
brick 
India

VNIT 
National 
Institute of 
Technology 
in India 

High-tech 
product, 
low-tech 
production

90% of 
recycled 
paper mill 
waste 
(RPMW) 
and 10% 
of cement

Low-cost 
brick

Mixture of 90% 
recycled paper 
mill waste + 
10% cement 
mechanically 
mixed, pressed 
into molds and 
then cured in the 
sun.

Not on 
market 
yet, still in 
develop-
ment in 
India. 

Half 
cost of 
normal 
brick

Still working on 
the waterproof 
coating for 
the bricks and 
determining the 
material’s efficacy 
in earthquake 
prone ares

Photo Websites/sources
1. http://inhabitat.com/researchers-
in-india-create-low-cost-bricks-from-
recycled-paper-mill-waste/
2. http://blog.makezine.com/2012/11/30/
making-paper-bricks-in-india/
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Product Made by High/
low-
tech

Materials Purpose Production method Market/
where?

Costs Succes? Examples 
and information

Organic waste
13. 
Stak 
Blocks

Oryzatech High-
tech

Rice straw Low-cost 
building 
material as 
a solution 
for the 
current 
housing 
problem

Pressed rice straw 
into a block

California Unknown California 
Polytechnic 
University is 
involved in the 
research towards 
this product. The 
insulation of the 
material is very 
high, the only risk 
is fireresistance

Photo Websites/sources
1. http://www.oryzatech.com/stakfacts.
html
2. http://www.treehugger.com/
sustainable-product-design/oryzatech-
strawbale-lego-blocks-for-grown-ups.html

14. 
Hemp-
crete

Hemp-
crete

High-
tech

Hennep + 
Concrete

Alternative 
building 
materials 
for houses 
in the 
western 
world.

Hemp is mixed with 
lime to create a type 
of concrete. The 
further construction 
process is exactly 
the same as with 
concrete.

Australia Unknown It is used for 
buildings which 
are not higher 
than 2 floors.
The compressive 
strength is 1 Mpa, 
which is 1/20 of 
normal concrete. 
Also this concrete 
needs a support 
for the vertical 
load of a building.  
The positive 
outcome of 
hempcrete is that 
it can be recycled. 
By hand the brick 
can be broken 
which make the 
recycle process 
very easy.

Photo Websites/sources
1. http://www.collective-evolution.
com/2013/02/03/hempcrete-worlds-
strongest-building-material/
2. http://www.hempcrete.com.au/
3. http://boheco.org/hemp-building-
material/



95

15. Overview waste products
Product Made by High/

low-
tech

Materials Purpose Production 
method

Market/
where?

Costs Succes? Examples 
and information

Low-tech products
1. 
Earthships

Company 
Earthship-
biotecture 
(Michael 
Reynolds)

Low-
tech

Car tires, 
bottles, 
clay and 
any other 
material 
you an 
find

Self sufficient 
houses (just 
as expensive 
to built as a 
conventional 
western 
house)

Car tires and 
bottles are 
used as a 
construction 
material. 
Eventually 
with clay, the 
building is 
closed.

US but 
they 
design 
for the 
entire 
world. 
They 
even 
check 
the 
climate 
and the 
entire 
situation

As expensive 
as any other 
house. 
Because the 
design will 
be adapted 
to the 
situation

Several buildings 
are made. Not 
for every person 
this is a suitable 
house because it 
looks completely 
different.
Self-sufficient 
house with water 
supply, electricity 
and even the 
plumming.

Photo Websites/sources
1. http://earthship.com/
2. http://inhabitat.com/earthquake-resistant-
earthships-for-haiti-disaster-relief/
3. http://earthshipeurope.org/

2. Plastic 
bottle 
buildings

Eco-tec Low-
tech

Plastic 
bottles

Low-cost 
housing or 
to create a 
sustainable 
statement

Plastic bottles 
are piled, 
sometimes a 
frame is used 
or the bottles 
are filled with 
sand or water 
to create 
weight

Latin 
america 
and 
africa 

Unknown, 
but because 
of the lack of 
material very 
low-cost

There are several 
projects in Haiti, 
Brazil, Nigeria 
and other places. 
Still unknown 
what the effect of 
nature is on these 
buildings.

Photo Websites/sources
1. http://www.inspirationgreen.com/plastic-
bottle-homes.html
2. http://www.visualnews.com/2011/11/16/
plastic-bottles-20-times-stronger-than-bricks/
3. http://www.treehugger.com/green-
architecture/nigeria-plastic-bottle-house.html
4. http://www.eco-tec-solutions.com/
5. http://www.plastics-themag.com/eco-
plastics/exotic-formula-plastic-bricks/eco-
tec-building-your-own-house-in-latin-america
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3. D-eco
bricks

Design 
nobis

Low-
tech

Building 
bricks 
made 
from 
recycled 
PET cups, 
plywood, 
sand, 
gravel, 
white 
cement 
and glue

used as 
green facade 
at building 
walls, 
gardens and 
other areas 
(fashion item)

The plywood forms 
the mold, plastic 
glasses are stuck to 
the mold which is filled 
with cement, sand and 
the gravel.

Not yet 
on the 
market, 
designed 
in Turkey

Not yet The office won 
two awards with 
this design (Green 
dot award 2009, 
A’design Award 
2012)

Photo Webistes/sources
1. http://www.designnobis.com/index.
php?r=site/product&id=8
2. http://inhabitat.com/decobricks-
durable-building-bricks-made-from-
recycled-pet-cups/
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