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ISC3: Who are we and what are our objectives?

The International Sustainable Chemistry Collaborative Centre (ISC3) is a globally acting institution and a multi-stake-
holder platform operating on behalf of the German Federal Ministry for the Environment, Nature Conservation and 
Nuclear Safety (BMU) and the German Environment Agency (UBA). ISC3 aims to shape the transformation of the 
chemical sector towards sustainable chemistry, thus contributing to the preservation of the environment and the 
establishment of a circular economy in order to meet the UN Sustainable Development Goals (SDGs).

ISC3 consists of three partner institutions: GIZ, DECHEMA and LEUPHANA. 

ISC3 Head Office (HO):

The Head Office is hosted by the Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) in Bonn.
GIZ is a German agency for international cooperation working in over 120 countries worldwide, with a focus on 
developing countries and emerging economies. 
The head office coordinates the centre’s work, provides an operational framework and infrastructure and is respon-
sible for the areas of collaboration, information, communication, policy, thematic workstreams and focus topics as 
well as stakeholder involvement.

ISC3 Innovation Hub (IH):

The Innovation Hub is hosted by DECHEMA in Frankfurt. DECHEMA is a non-profit society for engineering and 
biotechnology. IH initiates and supports innovation in the field of sustainable chemistry and fosters entrepreneurs 
worldwide in order to help solve pressing societal challenges. IH works directly with start-ups, assisting them in the 
development of new sustainable ideas and business models. 

ISC3 Research & Education Hub (REH):

The Research & Education Hub is hosted by the Institute of Sustainable and Environmental Chemistry at the 
Faculty of Sustainability of the Leuphana University of Lüneburg. REH carries out academic trend scouting as well 
as developing and running study programmes and training courses (e.g. master’s programme ‘MSc in Sustainable 
Chemistry’, thematic summer schools, etc.). REH is active in the scientific world and lays theoretical groundwork 
for sustainable chemistry.

To summarise the action fields of the three partners: ISC3 has established itself as an international institution that 
promotes and develops sustainable chemistry solutions worldwide. ISC3 is building up a knowledge platform and 
a network of experts. It offers support and training, especially for developing countries, and carries out scouting 
activities for innovations in the field in order to establish new technologies and business models. 
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AABMTs	 Alternative and appropriate building 
	 materials and technologies
ABS	 Acrylonitrile butadiene styrene
ACC	 American Chemistry Council
AI	 Artificial intelligence
AMF	 Artificial mineral fibres
APEG	 Allyl alcohol polyethylene glycol ether 
ASEP	 Acid esters with phenol
BBP	 Benzyl butyl phthalate
BPA	 Bisphenol A
CAS	 Chemical Abstracts Service
CCU	 Carbon capture and utilisation
Cd	 Cadmium
CE	 CE labelling 
CER	 Certified Emmissions Reduction (of 

carbon)
CHB	 Concrete hollow blocks 
CiP	 Chemicals in products 
CO2	 Carbon dioxide
COMGHA	 Acetylated monoglycerides of fully 
	 hydrogenated castor oil
CRP, CFRP	 Carbon-reinforced plastic, carbon fibre 

reinforced polymer 
CSF	 Composite solid fibre
DBP	 Dibutyl phthalate
DDT	 Dichlorodiphenyltrichloroethane
DEHP	 Bis(2-ethylhexyl) phthalate 
DGEBA-NMA	Diglycidyl ether bisphenol A-nadic methyl 

anhydride
DGNB	 German Sustainable Building Council
DIBP	 Diisobutyl phthalate
DSSC	 Dye-sensitised solar cells 
E-plastic	 Embracing plastic
ECHA	 European Chemicals Agency
ECPI	 European Council for Plasticisers and 

Intermediates 
EPD	 Environmental product declarations
EPO	 European Patent Office
EPS	 Expanded polystyrene
ETFE	 Ethylene tetrafluoroethylene copolymer 
EVA	 Ethylene-vinyl acetate
EXP	 Expanded
FED	 Fractional effective dose
FRP	 Fibre-reinforced polymer
GDP	 Gross domestic product
GHG	 Greenhouse gas
GRP, GFRP	 Glass-reinforced plastic, glass fibre-rein-

forced polymer
HAP	 Household air pollution
HBCD	 Hexabromocyclododecane 
HCFC	 Hydrochlorofluorocarbon
HDPE	 High density polyethylene 

ISC3	 International Sustainable Chemistry 
Collaborative Centre

IEA	 International Energy Agency
IRENA	 International Renewable Energy Agency
ITO	 Indium tin oxide
KNBS	 Kenya National Bureau of Statistics
LCA	 Life cycle assessment
LDPE	 Low density polyethylene
LSO	 Linseed oil
MAH	 Monocyclic aromatic hydrocarbons
MLS	 Modified lignosulphonate 
MPEG	 Methoxy polyethylene glycol 
NBPA	 Non-BPA
NCA	 National Construction Authority
NHC	 National Housing Corporation
NIPU	 Non-isocyanate PUR
NMA	 Nadic methyl anhydride 
NRP, NFRP	 Natural fibre-reinforced polymer 
NTI	 2-[(5-nitro-1,3-thiazol-2-yl)carbamoyl]

phenyl acetate
OSB	 Oriented strand board
OSC	 Organic solar cell
PA	 Polyamide
PAH	 Polycyclic aromatic hydrocarbons
PBT	 Polybutylene terephthalate
PC	 Polycarbonate
PCB	 Polychlorinated biphenyl
PCE	 Polycarboxylate ether
PCM	 Phase change material
PDO	 1,3-propanediol
PE	 Polyethylene
PE-HD	 → HDPE
PE-LD	 → LDPE
PEN	 Polyethylene naphthalate
PES	 Polyarylether sulphone
PET	 Polyethylene terephthalate 
PIR	 Polyisocyanurate 
PHF	 Phenolic foam
PMDI	 Polymeric diphenylmethane diisocyanate
PMMA	 Polymethyl metacrylate 
PNF	 Polymeric nanofibres
PNP	 Polymeric nanoparticles
PP	 Polypropylene
PPS	 Polyphenylene sulphide
PS	 Polystyrene
PTFE	 Polytetrafluoroethylene
PUR	 Polyurethane
PV	 Photovoltaic
PVC	 Polyvinyl chloride
PVDF	 Polyvinylidene fluoride
PVOH	 Polyvinyl alcohol
Q-NMA	 Quercetin-nadic methyl anhydride 
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RSA	 Republic of South Africa
SAICM	 Strategic Approach to International 

Chemicals Management
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SCIP	 Substances of Concern In articles as 

such or in complex objects (Products)
SDG	 Sustainable Development Goal
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UNEP	 United Nations Environment Programme
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Editorial

Construction plastics is a growth industry today, with 
manufacturing capacities particularly in emerging mar-
kets having overtaken the roughly equally strong re-
gions of Europe and North/South America in recent 
years. In developing and emerging countries, plastics 
are rapidly advancing as an indispensable building ma-
terial. The ‘polymer age’ in the building materials sector 
began in the mid-1930s with the first pipes made of 
hard polyvinyl chloride. 

But how sustainable are these plastics really in com-
parison to other materials used in construction? This 
question is not easy to answer, as many aspects play 
a role. Ultimately, the entire life cycle of such products 
must be considered, their special properties during use 
and the effects on people and the environment. At the 
end of their useful life, the method of disposal is an 
important factor. How recyclable are the plastics used? 
Different authors from various fields have addressed 
these complex questions in this paper. ISC3 – Interna-
tional Sustainable Chemistry Collaborative Centre – has 
succeeded in attracting experts from science, public 
authorities and companies to debate these questions.  
Chapter 5 includes recommendations on how to deal 
with plastics in construction, together with comments 
on how sustainable their use is and how recyclable 
they are from today’s point of view. Of course, not all 
questions can be answered, but this work can be the 
starting point for a discussion that has to take place 
at UN level.
				  
The topic of the workstream Plastics in Sustainable 
Building & Living is based on the SDGs and the global  
 

 
 
megatrends according to the Global Chemicals Outlook, 
but its focus is on sustainable chemistry. The work-
stream initiated a dialogue with various stakeholders 
worldwide. This report has been prepared on the basis 
of international thematic workshops, interviews, online 
surveys and contributions by experts. The chosen ap-
proach involved three steps: preliminary study, qualita-
tive stakeholder dialogue and final report. The selected 
topics were explored and discussed in thematic work-
shops at the conferences in China, Kenya, Austria and 
the USA. Four online surveys were compiled, one for 
each workshop topic. During the conference Resilient 
Cities, interviews with international guests were con-
ducted at the interactive stand of ISC3.

The expert workshops were attended by 58 interna-
tional experts from various sectors: chemical produc-
ers, associations, recycling companies, ministries, agen-
cies (construction, environment), financial sector, NGOs 
and major international organisations. 

The report expresses the position of ISC3 and, as a 
guide, addresses current issues in the field of plastics 
in construction. It discusses a possible route to sus-
tainable solutions in terms of the SDGs. Questions 
regarding relevant innovative fields and potentials for 
sustainable chemistry are raised, using the start-ups 
mentioned in the report as examples.

I hope that you enjoy reading this report. Please feel 
free to contact the authors and send us your ideas.

With best regards,
Dr Beate Kummer

FIGURE 1
Workstream: Method

Source: ISC3
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Foreword by ISC3

Products manufactured by the chemical and allied in-
dustries contribute to high living standards and quali-
ty of life. These include plastics, which – have a wide 
range of applications and properties that can be ad-
justed to various functional requirements. One field 
where they are greatly in demand is the construction 
sector. Despite their broad and manifold applications, 
plastics are often not visible in buildings and therefore 
not perceived as important materials. In this sector, 
which includes architecture and design, there is often 
no understanding about the present and future lega-
cies they cause. The use of plastics in the building sec-
tor is profoundly influenced by the current megatrends: 
climate pollution, demography and urbanisation, need 
for resilience, health as well as affordable housing with 
its regional contours.

Environmental and health issues as well as the social 
and economic challenges along the life cycle of building 
plastics are the main impacts. Unsound management 
of chemicals in construction has accompanied negative 
trade-offs until today and will continue to do so in the 
coming decades, since circularity has not been a guid-
ing principle until now. Initiatives such as the Strate-
gic Approach to International Chemicals Management  
(SAICM) are developing strategies for a safe use of 
chemicals. Nevertheless, guidance is needed on how 
the construction and building industry, including the 
related economic sectors, has to transform in order 
to become more sustainable, i.e. respect the precau-
tionary principle, embrace systems thinking and fol-
low a holistic approach to go beyond green chemistry 
and contribute to the SDGs in a sustainable manner. 

  

For this report, we involved a wide range of stakehold-
ers from academia, industry, international organisa-
tions and NGOs, who considered aspects of ethics and 
social responsibility alongside the technical issues. 

The report aims essentially to show the potentials for 
sustainable chemistry in the construction sector and 
to answer the following questions: How can plastics 
be used in a sustainable way in buildings? What obsta-
cles are there and how can they be overcome? Which 
steps need to follow, under consideration of regional 
differences? In the last chapter, we have derived rec-
ommendations for the areas of research, sustainable 
innovation, capacity building and policy, based on the 
contributions by our authors and the expert workshops.

In this respect, we hope that this study will be well re-
ceived by readers and support all stakeholders to con-
tribute to a more sustainable use of plastics and other 
materials in the building and construction sector. 

Bonn, Frankfurt, Lüneburg
December 2020

Dr Alexis Bazzanella, Director, ISC3 Innovation Hub

Dr Claudio Cinquemani, Director, Science & Innovation, 
ISC3

Professor Klaus Kümmerer, Director, ISC3 Research & 
Education Hub

left to right:
Dr Beate Kummer Dr Alexis Bazzanella, Dr Claudio Cinquemani and Professor Klaus Kümmerer



 1. Introduction
Professor Henning Friege



1.1	 Current use of polymers in building and living – 

	 policy background

ISC3 on the one hand works on key issues that are 
crucial to reaching the SDGs and on the other hand 
investigates the contribution made by the concept of 
sustainable chemistry. 

Due to the enormous scale of this field and the variety 
of application areas of chemicals in all sectors of mod-
ern life, it is necessary to choose special areas of in- 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
terest when defining the concept of sustainable chem-
istry, which are mentioned in the 2030 Agenda (UN, 
2015). After the identification of this specific issue, 
ISC3 started a workstream for collaboration with exter- 
nal partners over a period of two years. This work was 
linked to other strategic tasks, namely innovation and 
research as well as education. In 2019, the main focus 
was on the construction and building sector, especially 

Source: PlasticsEurope Market Research Group (PEMRG) and Conversio Market & Strategy GmbH
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FIGURE 2
Distribution of 
global plastics  
production

In 2018, China was  
responsible for 30% of 
global plastics production.

Global plastics production: * 
359 million tonnes

*Includes thermoplastics, polyure-

thanes, thermosets, elastomers, ad-

hesives, coatings and sealants and 

PP fibers. Not included: PET fibers, 

PA fibers and polyacryl fibers.
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?

ONLINE SURVEYS WITH EXPERTS (see Annex A, B, figure B): 

Price is the leading factor for the choice of materials (97%) followed by health (78%) and availability 

(76%). Sustainability was rated as least important by 55% or even not important at all by 24% of 

survey respondents. Plastics score with their performance (40%), handling and low price (each 23%).



highlighting the development of plastic materials and 
their use in buildings. Plastics production is increasing 
rapidly. In 2018, 359 million tonnes of plastic materials 
were produced worldwide. In that year, Asia was the 
largest producer and consumer of polymers, with 51% 
of total global production, followed by NAFTA (18%) 
and Europe (17%). 30% of plastics worldwide are manu- 
factured in China (PlasticsEurope, 2019). 

The political importance of the building and construc-
tion sector for global development is illustrated, for 
example, by the 2030 Agenda. Sustainable cities and 
settlements are the aim of SDG 11 (see overview of  
SDG 11 targets in Infobox 1). More than half the world’s 
population now lives in urban areas. By 2050 that fig-
ure will have risen to 6.5 billion people. Sustainable 
development cannot be achieved without significantly 
transforming the way of building and managing urban 
spaces. Enormous investment in new buildings and the 
renovation of existing buildings is therefore necessary 
in order to achieve ‘adequate and affordable housing’ 
(SDG 11.1). Enormous resources are needed for the 
construction and maintenance of buildings in order to 
ensure adequate housing for an increasing number of 
people. This trend is triggered not only by a growing 
population, especially in developing countries, but also 
by a rural exodus that accelerates urbanisation. Due to 
the enormous amount of resources and energy, which 
are needed not only in the construction phase but also 
for heating, cooling and many other functions, as well 
as for maintenance and renovation, SDG 11 is linked to 
other SDGs:

	n ‘Clean water and sanitation’ (SDG 6) mean ‘safe and 
affordable drinking water’ (SDG 6.1) and ‘access 
to adequate and equitable sanitation and hygiene’ 
(SDG 6.2), i.e. durable, safe and clean pipes for wa-
ter and waste water in buildings.

	n ‘Good health and well-being’ (SDG 3) also mean the 
reduction of ‘the number of deaths and illnesses 
from hazardous chemicals’. Moreover, SDG 12.4 
aims at ‘the environmentally sound management of 
chemicals and all wastes throughout their life cycle’, 
i.e. safe handling of chemicals by construction work-
ers and craftsmen and also healthy indoor air that 
is not affected by chemicals released from building 
materials over time.

	n The intention is to double ‘the global rate of im-
provement in energy efficiency’ by 2030 (SDG 7.3). 
This is in line with SDG 13.2, which targets the in-
tegration of climate change measures into national 
policies, strategies and planning. Energy consump-
tion in the building sector is rising continuously due 
to population growth, more time spent indoors, in-
creased demand for building functions and indoor 
environmental quality, and more air conditioning 
systems as a result of climate change. ‘Building en-
ergy use currently accounts for over 40% of total 
primary energy consumption in the U.S. and E.U.’ 
(Xiadong et al., 2016). For the construction sector, 
efficient heating and cooling systems for houses, 
including far better insulation of walls and roofs, are 
urgently needed.

	n SDG 12.2 calls for ‘sustainable management and 
efficient use of natural resources’ and presents two 
groups of indicators, namely material footprint and 
domestic material consumption. Resources for the 
construction of buildings include traditional materi-
als (e.g. bricks, wood), but in particular an increasing 
amount of concrete. In most countries, construction 
and building are the source for the largest material 
streams.

Target 11.1: Safe and affordable housing
UN definition: By 2030, ensure access for all to adequate, safe and affordable housing and basic services 
and upgrade slums.

Target 11.2: Affordable and sustainable transport systems
UN definition: By 2030, provide access to safe, affordable, accessible and sustainable transport systems 
for all, improving road safety, notably by expanding public transport, with special attention to the needs of 
those in vulnerable situations, women, children, persons with disabilities and older persons.

Target 11.3: Inclusive and sustainable urbanisation
UN definition: By 2030, enhance inclusive and sustainable urbanisation and capacity for participatory, inte-
grated and sustainable human settlement planning and management in all countries.

INFOBOX 1:
In what areas do 
the targets of  
SDG 11 aim to  
transform our world?
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1.2	 Main megatrends in construction

 

Rapid urbanisation is a major challenge with respect to 
SDG 11.1: ‘By 2030, ensure access for all to adequate, 
safe and affordable housing and basic services and up-
grade slums.’ This also means the need for infrastruc-
ture (SDG 9.1) and supply of clean water, availability 
of drainage and waste management. Today, about 3.5 
billion people live in cities, and 5 billion people are pro-
jected to live in cities by 2030. 95% of urban expansion 
in the next decades will take place in developing coun-
tries. The proportion of the global urban population liv-
ing in slums has fallen from 46 to 23% since 1990, but 
today about 880 million people still live in slum areas 
(UN, 2016). Urbanisation, population growth especially 
in Africa and Asia as well as rising demand for living 
space in wealthy countries are leading to an enormous 
consumption of building materials. Concrete is already 
the second most used material after water. In some 
areas of the world, sand is running short, and the over-

exploitation of sand on riverbanks damages nature se-
verely (Bendixen et al., 2019). The production especially 
of cement, but also of other building materials such as 
bricks, steel and aluminium, is energy-intensive. Glob-
al greenhouse gas emissions from cement production 
amount to about 500 million tonnes per year. Urban-
isation therefore also poses a resource and a climate 
problem and thus also affects SDG 12.2 and 13.  

The construction of resilient houses should be afford- 
able, but this also applies to the costs during the use 
phase of the building, and this period should be as 
long as possible. Sustainable building materials should 
therefore be durable and require as little energy as pos-
sible during production. Buildings should consume as 
little energy as possible for heating and cooling during 
the use phase. Of course, the materials used in con-
struction should not endanger the health of construc-

Target 11.4: Protect the world’s cultural and natural heritage
UN definition: Strengthen efforts to protect and safeguard the world’s cultural and natural heritage.

Target 11.5: Reduce the adverse effects of natural disasters
UN definition: By 2030, significantly reduce the number of deaths and the number of people affected and 
substantially decrease the direct economic losses relative to global gross domestic product caused by 
disasters, including water-related disasters, with a focus on protecting the poor and people in vulnerable 
situations.

Target 11.6: Reduce the environmental impacts of cities
UN definition: By 2030, reduce the adverse per capita environmental impact of cities, including by paying 
special attention to air quality and municipal and other waste management.

Target 11.7: Provide access to safe and inclusive green and public spaces
UN definition: By 2030, provide universal access to safe, inclusive and accessible, green and public spac-
es, in particular for women and children, older persons and persons with disabilities.

Target 11.A: Strong national and regional development planning
UN definition: Support positive economic, social and environmental links between urban, peri-urban and 
rural areas by strengthening national and regional development planning.

Target 11.B: Implement policies for inclusion, resource efficiency and disaster risk reduction
UN definition: By 2020, substantially increase the number of cities and human settlements adopting 
and implementing integrated policies and plans towards inclusion, resource efficiency, mitigation and 
adaptation to climate change, resilience to disasters, and develop and implement, in line with the Sendai 
Framework for Disaster Risk Reduction 2015–2030, holistic disaster risk management at all levels.

Target 11.C: Support least developed countries in sustainable and resilient building
UN definition: Support least developed countries, including through financial and technical assistance, in 
building sustainable and resilient buildings utilising local materials. 



1.3	 Share of plastics in buildings

As outlined above, polymers can solve many technical 
problems in the construction sector. With the exception 
of waste from the construction phase, products remain 
in the building normally as long as the building exists. 
Polymers are persistent, but many plastic products age 
under the influence of higher temperatures, sunlight, 
high humidity, etc., leading to embrittlement or fading 
and also to loss of functionality. This is especially true 
for soft plastic products. It may therefore be necessary 
to replace plastic products after a certain period of 
time, e.g. carpets, sealers, façade elements – this has 
to be taken into account in life cycle calculations.1 

1 Nationally Determined Contributions

 
The current ‘plastics issue’ is largely influenced by the 
problems with plastic waste in the environment, espe-
cially rivers and oceans. Soils are also a very important 
sink for plastic particles – something which is prob- 
ably underestimated at present. These plastic particles 
mostly stem from packaging, single-use products in 
general, fishing equipment and tyre abrasion. At this 
moment in time, the significance of plastic waste from 
the construction sector for such pollution appears to 
be limited. The amount of plastic waste from buildings 
will increase steeply in future as can be seen in Euro-
pean statistics (Figure 3). Europe uses almost 52 mil-
lion tonnes of plastic per year, of which 19.8% for the 
construction sector. There are similar figures for the US 
market, where about 16% of all polymers produced are 
used for construction (ACC, 2019). In Europe, 26 million 
tonnes of plastic waste currently have to be managed, 
of which about 5% are from construction and demo-

tion workers or residents, thus taking SDG 12.4 into 
account. Occupational health problems and health haz-
ards for residents caused by construction chemicals 
are classified as an ‘emerging policy issue’ by SAICM 
(Strategic Approach to International Chemicals Man-
agement). Moreover, the amount of waste on the one 
hand and the proportion of recycled materials used for 
a new construction project on the other are of interest 
in terms of resource conservation and waste minimisa-
tion, i.e. SDG 12.5. If the selection of building materials 
is to contribute to sustainable living and working, the 
following criteria must therefore be considered: func-
tionality, affordability, resource conservation, energy 
consumption, GHG (greenhouse gas) emissions, lon-
gevity, health issues, waste minimisation and recycling. 

Although buildings are mainly mineral-based, the use of 
plastic materials for specific components and purpos-
es has increased rapidly over about the last 50 years. 
The consumption of concrete in Western Europe (2010) 

amounts to 530 million tonnes compared to 9.5 million 
tonnes of polymers (Diogo, 2015). The term ‘plastics’ 
covers polymers such as PE, PP, PVC, PUR, EPS and 
also some more expensive materials such as PMMA. 
Because the properties of polymers can be adapted 
to the respective application by means of additives or 
compounds with other polymers, a vast range of ma-
terials is available on the market. In this paper, we aim 
to lead the reader through all the considerations that 
need to be taken when using polymers in building and 
living. We therefore look at the aspects of health, envi-
ronment, resource management, resilience, affordabili-
ty, etc. This should empower readers to decide under 
which circumstances polymers are considered sustain-
able building materials and which products can by no 
means be described as sustainable. Since the availabili-
ty of resources for building materials varies from region 
to region, these recommendations cannot be uniform, 
but instead are differentiated according to the prevail-
ing circumstances.

GlobalABC stakeholders have the common goal of achieving low-carbon, energy-efficient and resilient build-
ings: countries, communities and industries commit to net zero carbon buildings. Three specific roadmaps 
for Africa, Asia and Latin America have been published with the aim of supporting national strategies and 
policies, such as NDCs1. Eight activity fields were defined: urban planning, new buildings, existing buildings, 
building operations, appliances and systems, materials, resilience and clean energy, for each of which key 
actions, policies, technologies and targets up until 2050 are proposed (see Figure A in Annex B).

INFOBOX 2:
Global Alliance  
for Buildings and  
Construction  
(GlobalABC)

Sustainable Building and Living, Focus on Plastics  Workstream Report | 12
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FIGURE 3
Distribution of Euro-
pean (EU28+NO/CH) 
plastic converter  
by segment in 2017
(in Mt)

Total converter  
demand 51.2 Mt 

Use of plastics in different 
areas and percentage of 
plastic waste from these 
applications.

* medical equipment, plastic 

furniture and furniture equipment, 

technical parts used for mechanical 

engineering or machine-building, 

etc..

TABLE 1: 
Use of plastic materials in 
the construction sector in 
several countries in 2015 
Source: EUROMAP, 2016

lition (PlasticsEurope, 2012; European Commission, 
2018). The difference can be found in durable products 
that are still in use in buildings. Obviously, all these ma-
terials will become waste, maybe in 10, 20 or 40 years. 
But we must be prepared.

In Table 1, figures from several countries are present-
ed, which give an impression of the importance of the 
use of plastic materials in the construction sector. The 
data indicate that the quantity of plastic materials used 
in the construction sector correlates approximately 
with GDP (Gross Domestic Product). The proportion of 

plastic consumption in the construction industry in rela-
tion to overall plastic consumption does not vary signif-
icantly. However, it can be assumed that these data do 
not include the indoor use of plastics, e.g. for furniture, 
wallpaper, etc. Table 2 shows the main plastic fractions 
used in various building and housing materials.

According to fairly early studies by Dietz et al. (1955), 
plastics have a very wide range of physical properties 
that is comparable to the physical property range of 
metals and exceeds that of timber and concrete. Thus, 
through new formulations and by adopting innova-

Country Inhabitants Plastics 
consumption [kt]

Plastics consumption overall/for
construction [kg / inh x yr]

Consumption in the 
construction industry

France 64.275m 4,180 65.0 12.8 19.70%

Saudi Arabia 31.386m 2,942 93.7 18.1 19.30%

Tunisia 11.110m 0,287 25.8 4.6 18.00%

Kenya 44.226m 0,362 6.2 1.3 21.10%

USA 321.601m 30,162 93.8 17.4 18.50%

Colombia 48.203m 1,144 23.7 4.8 20.10%

Brazil 204.451m 6,314 30.9 6.0 19.40%

Japan 126.926m 8,348 65.8 11.3 17.20%

China 1,374.620m 79,595 57.9 13.3 23.00%

Malaysia 30.996m 2,327 75.1 12.8 17.10%

Indonesia 255.462m 4,377 17.1 2.8 16.10%

Vietnam 91.678m 3,237 35.3 6.6 18.60%

Source: Graphics compiled from PlasticsEurope, 2018

 

PACKAGING
BUILDING & 

CONSTRUCTION AUTOMOTIVE

39.7% 19.8% 10.1%

ELECTRICAL & 
ELECTRONIC

HOUSHOLD, 
LEISURE & SPORTS AGRICULTURE OTHERS*

6.2% 4.1% 3.4% 16.7%



The lesser dry density may be having advantage in self-
weight reduction in structural elements which leads to 
lesser attraction of pseudo inertia forces in the seismic 
prone area.’

Perhaps ‘embracing plastic’ (adopting plastic use and 
deliberately using plastic as a material of choice) in 
construction will greatly support dematerialisation in 
an industry that has a large and unparalleled appetite 
for materials. This has yet to be proven by studies.  
 

According to UNEP, 66% of infrastructure in develop-
ing countries is yet to be built. With national budgets 
having competing needs, such as healthcare provision 
or addressing food and water insecurity, governments 
can explore alternative, safe, affordable and ubiquitous 
materials. Plastic materials, especially recycled plastics, 
can play an even more important role in construction 
if they substitute energy-consuming alternatives and if 
they are recycled after use to avoid further contamina-
tion of the environment. 

How are the costs for plastics as building materials?

Compared to other basic materials for buildings, poly-
mers are not cheap: 

	n Ready-mix concrete: about € 80 to 110/m³ (~ 2.3 
tons) or USD 95–130

	n Construction timber: about € 200/m³ (~ 0.75 tons) 
or USD 237

	n Polyethylene (HDPE): about € 900/ton (granulate) 
or USD 1,065 

	n Polyvinylchloride (PVC): about € 500/ton (ground 
material) or USD 590

When plastics replace much heavier materials, the stat-
ic requirements on the building and thus overall ma- 
terial demand are reduced. Using PP pipes for drainage 
instead of concrete or stoneware saves about 80–90% 
of the weight. Cable conduits made from PVC can sub-
stitute those made from metals. By means of additives,  
 

 
 
mechanical strength and other properties of plastic  
materials can be varied relatively easily. With respect 
to the production and use phase, long-life plastic prod- 
ucts can save money and resources, e.g. energy in the 
production phase. According to Kenya’s National Con-
struction Authority, tubes and conduits are the most 
important construction products made from plastics.

Normally, plastic materials cannot substitute materi-
als which are important for a structure’s static, such 
as concrete or bricks. Especially for low-budget houses 
or buildings, which are erected to serve as temporary 
homes for victims of earthquakes, etc., ‘polymer con- 
crete’ is available. This is produced from sand or other 
granulated minerals, glass fibres and unsaturated poly- 
ester, which serves as a binder for the inorganic  
material after the curing process. In addition to the Ger-
man factory, there is one plant in Namibia – the roll-
out process is in progress (see company information 
in Infobox 7). 

Polycare produces polymer concrete components from desert sand and a special polyester resin as a 
binder made to 40% from recycled PET bottles. The components are designed like LEGO blocks. Polycare 
causes 60% less emissions.  

PRO: The blocks can be used by untrained personnel and substitute conventional polymer concrete, thus also 
serving as a recycling opportunity for PET waste. The product is inert and does not react with the environment, 
hence erodibility of plastic is mitigated. CONTRA: PET bottles can normally be recycled (bottle to bottle), but 
other types of PET waste should be tested. The technology produces building blocks only. It is not clear how low 
the embodied energy is. RECOMMENDATION: In comparison to conventional polymer concrete, it is a simple 
and more sustainable alternative which is especially suitable for low-income countries. It is affordable and has a 
wide range of alternative components to desert sand.

S T A R T   U P

Sustainable Building and Living, Focus on Plastics  Workstream Report | 24



 
If plastic replaces wood, e.g. as a floor covering, this 
has no static effect. Any cost savings depend on the 
regional raw material prices (timber vs. plastics) and la- 
bour costs.  The labour-saving use of plastic products 
instead of traditional materials is an economic driver  
when labour costs are high, e.g. by using PUR foams 
for window installation. Use of recycled polymers for 
the production of construction materials can consid-
erably decrease costs. In Europe, secondary polymers 
are not much cheaper – some polymers are even more 
expensive – than primary polymers, especially in the 
case of post-consumer waste due to the enormous ef-
fort required for sorting, cleaning and re-granulating. In 
countries with low labour costs, sorting specific plastic 
materials out of waste is cheap. Some construction 
products available on the market in developing coun-
tries therefore utilise large amounts of recycled plastic 
from other sectors, e.g. HDPE plastic bottles for use 
in plastic pipes. The sustainability of these attempts is 
discussed below. 

To make the construction of dwellings as cost-effective 
as possible, UN-Habitat favours the use of domestic 
raw materials. Since the raw materials available differ 
from region to region and prices also vary, a compari-
son with the use of plastics can only be made at regio- 
nal level. It is necessary to compare the costs of al-
ternative choices fairly with regard to purchase price, 
repair susceptibility and durability.

Apart from in the Maghreb countries and South Afri-
ca (RSA), polymer production does not play any role 
at all in Africa. Raw materials are imported to African 
countries as well as most products made from plas-
tics. The per capita consumption in Africa is about 16 kg 
per year (Babayemi, 2019, see also Table 1). By com-
parison, German consumption per inhabitant is about 
140 kg including industrial products (Conversio, 2017). 
Consumption of plastic products is likely to be mainly  

 
 
related to packaging, while the use of plastics in the 
construction sector will develop later, as has been ex-
perienced in other countries (Geyer et al., 2017). It can 
therefore be assumed that the consumption of plastic 
products in the construction sector in Africa is still be- 
low 20% of total consumption, i.e. below 3 kg per cap-
ita per year. If plastic products are used instead of very 
heavy materials (e.g. in the case of drinking water PE/
PP pipes instead of cast iron, copper, stainless steel; 
in the case of waste water PVC or PP pipes instead of 
cast iron, stoneware, concrete), especially overall mate-
rial demand but also costs can be reduced.

Some plastics could be possible for alternative build-
ing technologies in developing countries. In Kenya, they 
could be useful in ‘leapfrogging’, that is, for surpass-
ing or overtaking barriers and risks in order to achieve 
and sustain high economic growth. They are afforda-
ble, ubiquitous and suitable to the climate in Kenya. 
Compared to existing alternatives such as interlocking 
bricks, stabilised soil blocks and clay bricks, plastics fair 
better because they last longer and do not disrupt top-
soils or compete with food security. In addition, with 
only minimal adjustments, existing manufacturing ap-
paratus can deliver plastic building materials and create 
more jobs. Clay bricks are made in Kenya by numerous 
entities, over 90% of which are informal. Sometimes 
the bricks are made on site or within the project locality. 
They are widely used in Kenya for construction because  
they are outside the current building code. Plastics are 
better, as they last longer, do not involve disrupting the 
topsoil and do not compete with food security. In addi- 
tion, with only minimal adjustments, existing manufac-
turing equipment can produce plastic building materials 
and create more employment. The downside of plas-
tics: at present, plastics from packaging, etc. are endan-
gering the marine environment, rivers and perhaps also 
soils. If plastics could be recycled before entering the 
environment, this would be real progress. 
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Affordable housing must be seen from a human rights’ perspective and the three pillars of sustainability. 
There is a need to define affordability in relation to housing projects and the point where such a pro-
ject is considered affordable. Affordability should not be limited to upfront project costs but also include 
both quantifiable and non-quantifiable latent costs. Limiting affordability to upfront project costs is acute 
short-termism. This leads to more severe consequences that are eventually borne by all (rich and poor) in 
society. Latent costs include the operating costs of the house, which are often omitted if affordable hous-
ing projects only focus on upfront costs. Operating costs for utilities throughout the project’s life cycle are 
quantifiable. Upfront project costs are NOT the real costs. The costs associated with ‘sick buildings’, such 
as poor indoor environmental quality, poor thermal comfort, poor indoor air quality, poor solid and liquid 
waste management, water and energy inefficiencies, environmental degradation, poor human settlement 
planning, flooding, water insecurity and food insecurity, are unquantifiable and enormous. There is therefore 
a need to formulate a definition for affordable housing that is precise and comprehensive. This will also help 
define the roles of various stakeholders and counter short-termism. Affordable housing means low life cycle 
costs for housing. i.e. construction, operation and demolition.

INFOBOX 8:
What is affordability 
vs. real costs? 



An example of one important plastic construction prod-
uct used in high volumes in Kenya is EPS panels (ex-
panded polystyrene) for insulation. Pipes and conduits 
are made from PVC. EPS bonds well with concrete and 
mortar, plastering is also easier with EPS. EPS, as a 
type of foamed plastic, is being used increasingly in 
Kenya and manufactured at the National Housing Cor-

poration (NHC) factory in Mlolongo, Machakos County. 
NHC is a government agency. Recent fieldwork on al-
ternative building materials and technologies in Kenya 
by the National Construction Authority (NCA) revealed 
the growing use of EPS in construction, mostly in the 
South Rift, lower Eastern and Central Kenya.

GREEN PAVERS uses waste plastic, which has low or limited use, and recycles it to produce resin roof-
ing tiles, manhole covers, plastic lumber planks and fence posts. 

The plastic is collected and delivered to special centres, where it is mechanically processed before being recycled. 
PRO: The company uses waste plastics as a resource thus providing workplaces for informal recyclers.  
CONTRA: The stability and recyclability of the tiles produced is not clear. RECOMMENDATION: GREEN PAV-
ERS provide an interesting interim solution for plastic waste in developing countries.

2.4	 Demands on building resilience (Andreas Gerdes ,Amy Jones,Pourya Salehi )

Resilience is fundamental for sustainability and has be-
come a guiding principle for a framework of develop-
ment and disaster risk reduction (Davoudi et al., 2012). 
The concept originates from the natural sciences, hav-
ing evolved from ecology in the 1970s (Alexander, 
2013), although it is important to note that a variety 
of disciplines now share this concept (Chelleri et al., 
2015). Making cities more resilient to climate change is  
important because it will help them to recover from a  
 

 
disaster swiftly and encounter less monetary loss from 
it as well as reduce risk and vulnerability and allow  
higher dependability on infrastructure and services 
(TERI, 2016). It is the role of policymakers, corporate 
entities, researchers and communities to experiment in 
order to find alternative solutions to the problems that 
climate change and other natural, technological and 
manmade hazards are causing for human settlements 
(see Figure 4).

ONLINE SURVEYS WITH EXPERTS (see Annex A , B, figure C): 

Experts disagree on the resilience of plastics: 33% rated plastics resilient vs. 39% not resilient.

  

 Driver	   Process	        Practice 	     Goal

CLIMATE CHANGE  	   ADAPTATION  	       EXPERIMENTATION	    RESILIENCE

?

Figure 4:
Illustration of the 
connection between 
resilience, adaptation 
and experimentation
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Examples of different types of resilience include seis-
mic, engineering and ecological resilience. Seismic re-
silience can be defined as ‘the ability of a system to 
reduce the chances of a shock, to absorb such a shock 
if it occurs (abrupt reduction of performance), and to 
recover quickly after a shock (re-establish normal per-
formance)’ (Bruneau and Reinhorn, 2017). Engineering 
resilience is results-driven, static and refers to a sys-
tem bouncing back to its original condition (Rus et al., 
2017). Ecological resilience can be defined as the ability 

of systems to function, regardless of the stability of 
the population it supports. Socio-ecological resilience 
has developed from this definition because of the 
strong link between ecological systems and human in-
fluence on climate change (Adger, 2005). The term so-
cio-ecological resilience was coined by Berkes and Folke 
(1998) and defines resilience as a process whereby a 
system will bounce back from a disruption while also 
adapting to new challenges (Rus et al., 2017).
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Hazards fall into three categories: natural, technological and human-influenced natural hazards exacer-
bated by human activities. Natural hazards are caused by natural phenomena including e.g. geophysical 
events, such as earthquakes and volcanic eruptions, or hydrological events, such as flooding (IFRC, 2020). 
Technological hazards, on the other hand, are manmade and include e.g. conflict and war, displaced pop-
ulations and also natural hazards exacerbated by human activities, such as deforestation, or maladaptive 
practices, such as building with materials which amplify the risk of landslides or fires. 

What do we need to know about building resilience?

It is important that building regulations and frameworks 
consider resilience, since the cost of inaction is higher 
than the cost of action when adapting to the effects 
of climate change (EOD, 2016). Resilient urbanism has 
become a dominant discourse for governments, inter-
national organisations and researchers. In practice, 
this takes the form of technocratic solutions (Davoudi, 
2016). Frameworks and building codes are top-down 
tools for building urban resilience and aim to increase 
the recovery time of buildings (Joerin et al., 2012). This 
links to the concept of the robust city, which refers to  

 
the part of resilience that focuses on a city’s ability 
to recover its infrastructure and capital after a shock 
(Meriläinen, 2019). The concept of robust cities is found 
in the Resilient Framework by the Rockefeller Founda-
tion, which argues that building codes and standards 
facilitate the long-term robustness of cities. This should 
include buildings being well designed and built to with-
stand the known hazards in the area in order to prevent 
disasters from occurring (ARIP, 2015). 

After 25–30 years, most buildings require extensive repairs, which mean extensive technological, ecologi-
cal and economic burdens. In the case of a bridge pier, for example, the negative ecological effects and the 
costs are up to three times higher compared to the environmental impact of the initial building construc-
tion. This makes it all the more thought-provoking that 80% of the structures repaired in this way suffer 
damage again after only six years.

Changing climate conditions lead to a reduction in the service life of building materials, components and 
structures. Polymer-based joint sealants, originally developed for a service life of 20–25 years, fail after 
only 7–10 years.

There are thus new challenges in the area of mitigation and adaptation. We must compensate for the 
avoidable release of greenhouse gases as a result of early material failure by improving the durability of 
climate-adapted materials. According to the current state of science, however, this can only be achieved by 
using organic-based additives, such as polymers or surfactants.

INFOBOX 9:
What are the types of 
hazards? 

INFOBOX 10:
Polymer resilience 
and climate change – 
the case of polymer- 
based sealants 
(Andreas Gerdes)



The New Urban Agenda (UN, 2017) is designed to con-
tribute towards achieving the SDGs. Point 51 of the 
implementation plan states that the UN is committed 
to promoting the development of urban spatial frame-
works which will impact on urban planning and encour-
age sustainable land and resource use. Point 75 of the 
plan highlights the importance of energy-efficient build-
ings and encourages the use of construction models 
which facilitate energy efficiency. Point 76 states that 
local, non-toxic and recycled materials with paints and 
coatings free of lead additives should be used to con-
struct sustainable, resource-efficient buildings, in addi-
tion to maximising the efficiency of concrete, metals, 
wood, minerals and land. Point 101 states that the 
UN aims to practise disaster risk reduction and climate 
change adaptation and mitigation via construction pro-
cesses for buildings. Point 121 states the importance of 
public buildings and industrial buildings being built to be 
energy-efficient and use sustainable renewable energy 
as well as retrofitting existing buildings to ensure they 
are also energy-efficient. To achieve this, building per-
formance codes, standards and energy efficiency tar-
gets should be implemented. Point 144 indicates the 
potential for cities to collaborate with insurance and re-
insurance institutions to invest in urban buildings which 
will be resilient to climate and disaster risks.

Figure 5 shows the stages of the building process 
and the many opportunities for sustainable practices 
in line with assessment frameworks. Sustainability is 
a multi-dimensional issue, and this should therefore be 
reflected in building frameworks. It is important to note 
that there is no blueprint solution that can be applied 
to all cities, so it is important that frameworks allow 
cities to be flexible and make decisions based on their 
climate and the local materials available (Zolfani and 
Zavadskas, 2013). It is important to use local materials 
because there is often a greater supply of these mate-
rials, lower transport costs and their use will support 
local businesses (Tobias, 2020). As shown in Figure 5, 
this is critical at the product stage. At the construction 
stage, it is important to use low-energy methods and, 
at the use stage, buildings should be energy-efficient, 
which can be achieved by using measures such as tri-
ple glazing, solar heating, natural and LED lighting and 
natural ventilation (Tobias, 2020). Climatic conditions 
should also be considered during the building process 
because climate change brings different challenges to 
different regions. In hot climates, buildings should be 
resilient to overheating and drought. In cold, coastal 
climates, buildings must overcome high levels of pre-
cipitation and maximise heat retention (Stagrum et al., 
2020).

FIGURE 5
Life cycle stages of 
a building

 

Source: Philips et al., 2017

Sustainable Building and Living, Focus on Plastics  Workstream Report | 28

Raw 
Material 

Supply
Transport Manufacturing Transport

Construction
Installation
Process

Maintenance

Use

Repair

Refurbishment

ReplacementEnergy UseWater UseDe-construction
Demolition

Transport

Disposal

Waste 
Processing

PRODUCT 
STAGE

CONSTRUCTION 
PROCESS
STAGE

USE STAGE

END OF 
LIFE 
STAGE



What are the major challenges in the future?

Alawneh et al. (2019) has proposed an index for ana-
lysing the extent to which green buildings contribute 
to achieving the SDGs through energy and water effi-
ciency measures. This in turn contributes to the overall 
resilience of cities. This methodology aims to bridge 
the current gap between energy and water efficiency 
and achieving the SDGs. This index can be used in com-
bination with third-party rating frameworks. Greening 
solutions such as green roofs have the potential to in-
crease thermal comfort and decrease energy and water 
consumption. A study in Paris showed that greening 
generated a cooling effect between 0.5 and 2°C during 
a heatwave. A similar study was carried out in London, 
which showed that green roofs would be an effective 
solution for reducing temperatures within buildings and 
facilitating annual energy savings in the projected cli-
mate scenario for 2050 (Stagrum et al., 2020). 

The Living Building Challenge is popular within resilience 
building and has been designed to complement the US 
Green Building Council’s LEED green building rating sys-
tem. A living building must generate more energy that it 
consumes, which means it helps to negate negative im-
pacts and fossil fuels emitted from traditional building 
projects (International Living Future Institute, 2020). A  

 
 
 
 
 

 
 
study by Welsh-Huggins et al. (2020) has revealed that 
an alternative concrete cement diluted with fly ash can 
decrease the environmental impacts of building with 
concrete. Buildings constructed from fly ash concrete 
are not able to withstand earthquakes more effectively 
than buildings constructed with conventional concrete,  
but the environmental impacts associated with the life 
cycle of buildings in areas prone to earthquakes are 
lower because the production process emits less CO2. 
Fly ash concrete could therefore be considered as an 
alternative building material for cities at risk of being 
affected by earthquakes, as producing fly ash concrete 
for building repairs emits less CO2. The COVID-19 pan-
demic has highlighted opportunities for increasing the 
resilience of buildings in relation to disease. In order 
to limit the transmission of disease within buildings, 
factors such as ventilation, indoor air quality, humidity, 
lighting, choice of surface materials and size of commu-
nal areas are important (Pinheiro and Luis, 2020).
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Porosity and pore size distribution are important material properties for the performance and durability of 
cement-based materials. Concrete has a porosity of approx. 10–15%. After production, this pore space 
is initially filled with water that was added for concrete production. When exposed to the environment at 
corresponding temperatures and low values for relative air humidity, young concrete dries out and shrinks. 
This volume contraction causes mechanical stresses which, if sufficiently large, lead to fine cracks, called 
shrinkage cracks. 

This behaviour is inherent in the system, but due to the consequences of climate change the importance of 
this damage mechanism is rapidly increasing. In the event of pronounced shrinkage, not only cracks appear 
but also delamination can occur, often leading to the complete failure of concrete elements. The repair of 
damaged concrete structures involves both high costs and high environmental impacts, which in total make 
a significant contribution to climate change. 

A technical measure to avoid cracks and delamination is the addition of polymer fibres based on polypro-
pylene or polyethylene, which are mixed in small quantities (0–2 mass %, based on the cement weight) 
during the production of cement-based materials. The polymer fibres take over the function of a unidirec-
tional reinforcement, which countervails mechanical stresses occurring during the shrinkage process. This 
prevents shrinkage cracks and delamination, thus avoiding negative effects on and through the structure.

INFOBOX 11:
Polymer and concrete 
resilience – the case 
of repair mortars
(Andreas Gerdes)
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The building and construction industry is a major driv-
er of global economic activity. Erecting buildings gen-
erates societal and ecological benefits, from providing 
shelter to supporting bio-based and circular economies. 
It can also harm human health and the environment 
through the sourcing of unsustainable products, using 
toxic substances, releasing chemicals with high global 
warming potential, and consuming and wasting vast 
resources during product manufacture, building con-
struction and demolition. Each week, new construction 
equivalent to the square metres of buildings in Paris, 
France, is added to the planet (UN, 2017). One of the 
major sources of household air pollution (HAP), espe-
cially in developing countries, where broad parts of the 
population live in ill-ventilated and ill-lit houses, is smoke 
(Apte and Salvi, 2016). Incomplete combustion of solid 
fuels (e.g. wood, coal, dung) or kerosene for cooking, 
heating and lighting leads to the emission of several 
pollutants (particulate matter, black carbon, polycyclic 
aromatic hydrocarbons (PAH) and carbon monoxide) 
that are associated with serious health risks. The same 
applies to the smoking of tobacco products. 

Especially in the developing and rural world, insecti-
cides and repellents are used widely to combat commu-
nicable and infectious diseases, usually borne by vec- 
tors such as mosquitoes and other insects (e.g. malaria, 
dengue, yellow fever), and ticks (Lyme disease). The 
use of standard mosquito coils can lead to levels of 
PM2.5 and CO in the indoor air that are 2,200 and 10  

 
 
 
 
 
 
 
 
 
 
 
 

times the limits permissible by the WHO, respectively, 
when the mosquito coil is burnt with doors and win-
dows closed (Apte and Salvi, 2016).

The 2030 Agenda for Sustainable Development, adopt-
ed by the United Nations in 2015, recognises the scale 
of this industry’s demands and impacts. It raises current 
challenges and provides a framework for minimising 
harm and maximising benefits. Member states commit-
ted to (UN, 2015):

	n ‘Ensure access for all to adequate, safe and afforda-
ble housing’ (SDG 11.1)

	n ‘Support least developed countries, including through 
financial and technical assistance, in building sus-
tainable and resilient buildings utilising local mate-
rials’ (SDG 11.c) 

	n ‘Substantially reduce the number of deaths and ill- 
nesses from hazardous chemicals and air, water and 
soil pollution and contamination’ (SDG 3.9) 

	n ‘Significantly reduce’ the generation and release of 
toxic chemical pollution (SDG 12.4) and ‘minimise 
their adverse impacts on human health and the en-
vironment’ (SDG 12.5) 

	n ‘Double the global rate of improvement in energy 
efficiency’ (SDG 7.3).

ONLINE SURVEYS WITH EXPERTS (see Annex A, B, figure D): 

According to the survey, the critical stages for health and environment are: Recycling (79%), fire  

situations (77%), production (69%) and demolition (57%). Uncritical: Construction site (55%), trans-

portation (53%) and use phase (43%).
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3.1	 Megatrends  (Jim Vallette)

?



 
FIGURE 6
Average and 
median square feet 
for new single-family 
US houses 
(1973 – 2015) 

Diagram from the 
American Enterprise 
Institute

Achieving these goals worldwide by 2030 necessitates 
fundamental changes in the building and construction 
industry (BMU, 2017). It requires a full understanding 
of the life cycle implications of product formulations. 
It also demands an understanding that some materi-
als that solve one goal can conflict with other goals, 
such as the use of polyvinyl chloride (PVC) plastic pipes 
to supply drinking water or plastic foam insulation to 
make buildings more energy-efficient (EPA, 2020) 

Some of the growth in resource consumption per capita 
reflects global economic progress, and the good news 
is that more people are living in adequate housing. But 
a good portion of this growth is due to homeowners 
and other building owners who are spreading out, cre-
ating more space per occupant. In the United States, 
this area nearly doubled between 1973 and 2015 to 
over 100 square metres per person (Figure 6, American 
Enterprise Institute, 2016).  By comparison, in 1979, 
100% of people in Africa and Latin America and 75% 
of people in Asia and Oceania lived on less than 20 
square metres of floor space per person (UN, 2015).  

 
 
 
 
 
 
 
 

More space per person means more materials and re- 
source consumption. Green building standards do not 
reward limits on space per person. Indeed, these pro-
grammes measure their success by total square metre 
(World Green Building Council, 2016). Limits on sprawl 
in post-industrial countries are, however, essential if 
the planet is to meet the SDGs.

Most new construction often relies on petrochemi-
cal-based plastic interior finishes, such as flooring and 
wall coverings, and exterior façades, such as PVC siding 
and polyurethane foam insulation. China helped sustain 
the global polyvinyl chloride industry in the 2000s and 
2010s with its surging demand for building and con-
struction projects. India, with its massive and growing 
middle class, and a goal of building tens of millions of 
new affordable houses by the year 2022, may do the 
same (Bundhun, 2020), see also Table 1).2   

2	 https://www.thenational.ae/business/economy/afforda-

ble-homes-push-for-india-s-poor-is-slowly-delivering-re-

sults-1.979338

Source: Philips, et al., 2017
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3.2	 Status quo of known health and environmental issues 
	 (Jim Vallette, Barbara Zeschmar-Lahl)

The ability of regulators to curtail the industry’s worst 
impacts varies from country to country. In much of 
the world, the content of building materials is largely 
unregulated. Some parts of society adhere to volun- 

 
 
 
tary green building standards. An increasing number 
of these standards seek to eliminate substances of 
concern, most of which are petrochemicals and plastic 
components. The dominant type of plastic building ma- 

FIGURE 7
Plastics demand 
by segments and  
polymer types  
in 2018 
Total  51.2 Mt

Data for EU28+NO/CH
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terial is polyvinyl chloride (PVC). Building and construc-
tion consumes about 70% of all PVC worldwide (Geyer 
et al., 2017). Other plastics used in buildings include, 
in descending order of volume, polyethylene, polysty-
rene, polyurethane, polypropylene, nylon (PA) and acryl-
ic (PMMA). The building industry is, by far, the leading 
consumer of two types of plastics, PVC and expanded 
polystyrene (see Figure 7, PlasticsEurope 2015).  

The life cycle impacts from making, using and dispos-
ing of these plastic building materials undermine the 
2030 Agenda. This is the status quo, with the force 
of decades of investment in linear, toxic, wasteful pro-
duction. Along each step, careless practices pollute the 
air, water and land, and can harm living beings. Impacts 
reach as far as Earth’s stratosphere, where blowing 
agents released from plastic foam insulation damage 
the ozone layer. Impacts begin at wellheads where oil 
and gas – the key ingredients of plastic building mate-
rials – are extracted.

Environmental and human health impacts continue 
when these petrochemical plastics are processed 
into building materials, installed and used in buildings, 
dismantled from those buildings, disposed of in incin-
erators or landfills, or recycled into new products. Al-
most all plastics used in buildings can be considered 
single-use plastics, albeit used over years. Most efforts 
to boost recycling rates of plastics including PVC have 
been symbolic and/or not economically viable due to 
the low price of virgin plastics. Plastic products often 
contain toxic additives, such as ortho-phthalate plas-
ticisers and flame retardants. When plastics are recy-
cled, these substances are usually not separated or 
destroyed but carried over into products made from 
recycled materials and thus remain in circulation. While 
regulations have phased out the intentional use of 
some of these additives, plastic scrap contains these 
legacy chemicals. 
 

 
 
In developed countries with a temperate climate, peo-
ple spend up to 90% of their time indoors. The quality 
of indoor air can therefore have a significant impact on 
people’s health. One of the main sources of poor indoor 
air quality is behavioural and can therefore be easily 
avoided: tobacco smoke. The situation is different with 
hazardous substances contained in consumer products 
and building materials. Wall construction materials, in-
sulation, sealants, doors, windows and interior decora-
tion materials, such as floor coverings, wall and ceiling 
cladding or furniture, contain chemicals that can leach, 
migrate, abrade or off-gas, resulting in human exposure 
(Mitro et al., 2016). Ventilation only provides a tempo-
rary improvement here. Examples are:

	n PCB: Since the 1950s and until their ban in 1978, 
PCB were used among others as plasticisers, sta-
bilisers or flame retardants in many building mate-
rials, such as caulking and elastic sealants, paints, 
mastics and other adhesives. Today, PCB in building 
materials are still a problem of inherited burden. 
PCB are considered to be reprotoxic (i.e. they can 
impair fertility and damage unborn life) and are po-
tentially carcinogenic. 

	n Formaldehyde: This substance belongs to the group 
of volatile organic compounds (VOC). It is widely 
used as a binder in chipboard, blockboard and ply-
wood for furniture and interior design. The main 
source of indoor pollution from formaldehyde is chip-
board, but other wood-based materials glued with 
urea-formaldehyde or melamine-urea-formaldehyde 
resins also contribute. Formaldehyde emission of 
these products decreases noticeably, especially at 
the beginning, but can occasionally remain at an 
increased level for years. If very poor qualities are 
used, formaldehyde emission is still high even after 
decades. Urea-formaldehyde foams (‘UF foams’) 
can also cause greatly increased concentrations of 
formaldehyde in the indoor air over long periods of 
time. Formaldehyde is irritating to mucous mem-

Life cycle assessments of plastics typically do not include ethane crackers and chlor-alkali plants (produc-
tion processes) within their scope. This skews perceptions of the relative impacts of plastics versus other 
materials. The process of turning brine into caustic soda and chlorine requires massive amounts of electric-
ity. China is the world’s leading PVC producer and worldwide source of PVC flooring. Much of China’s PVC 
resin comes from chlor-alkali plants located in the far western XUAR province, including the world’s largest 
PVC plant, Xinjiang Zhongtai in Urumqi, which has a PVC production capacity of 1.5 million tonnes per 
year. These plants are located in the heart of China’s coal belt and have on-site, coal-fired plants, including 
a 900-megawatt plant at Xinjiang Zhongtai. In addition to using large quantities of coal, these plants rely 
on the use of mercury to produce feedstock for PVC. This process uses acetylene (created by reacting coke 
with mercury) instead of ethylene to react with chlorine and create vinyl chloride monomer.

INFOBOX 12:
What are the new 
demands for life cycle 
assessment? 
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branes, can cause allergies and is classified under 
EU law as a probable human carcinogen (ECHA, 
2020). 

	n Volatile organic compounds (VOC): VOC consist of 
thousands of individual substances and are found 
indoors in widely varying concentrations. Sources 
are, on the one hand, paints, paint strippers, ad-
hesives and other household products containing 
organic solvents. VOC are mainly emitted during ap-
plication of these products. On the other hand, VOC 
are also emitted by construction materials. Once 
installed in a building, these materials can emit VOC 
over a long period of time and thus contribute to 
the long-term pollution of indoor air. Products con-
cerned are chipboard and UF foams (see formalde-
hyde) or interior decoration materials, such as car-
pets. VOC can have different health effects, ranging 
from irritation of the respiratory tract and eyes to 
acute and chronic toxicity (neurotoxic, allergenic, 
carcinogenic, mutagenic, reprotoxic).

	n Semivolatile organic compounds (SVOC): Analyses 
show that house dust often contains high concen-
trations of semivolatile organic compounds, such 
as phthalates. DEHP and other phthalates often 
served as plasticisers in floor coverings, profiles, 
cables and films made of plastic, especially flexible 
PVC. Some phthalates, flame retardants and phe-
nol were consistently found in at least 90% of dust 
samples across multiple studies, indicating ubiqui-
tous presence in indoor environments. ‘Exposure 
to one or more of these chemical classes has been 
associated with adverse health effects including 
reproductive toxicity, endocrine disruption, cogni-
tive and behavioral impairment in children, cancer, 
asthma, immune dysfunction, and chronic disease.’ 
(Mitro et al., 2016). 

Although the hazard potential for the individual sub-
stances or groups of substances causing household air 
pollution can be described, there are no reliable data 
on the illnesses and deaths they cause. Nevertheless, 
many countries have banned or strictly regulated the 
use of problematic substances in building materials. For 
example, the emission class E1 (0.1 ppm formaldehyde 
for boards) already became obligatory for wood-based 
panels in Austria, Denmark, Germany, Sweden and oth-
er European countries in the 1980s. The phthalates 
DEHP, DBP, BBP and DIBP are included in the restricted 
substance list of REACH3  (Annex XVII). They may not  

3 REACH regulation: REACH stands for Registration, Evalua-

tion, Authorisation and Restriction of Chemicals. It entered 

into force on 1 June 2007.
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Isocyanates are associated with the production of PUR but also present in foams, coatings, paints, wire 
insulation, adhesives, rubbers and fibres. The ones most frequently used are diisocyanates, such as toluene 
diisocyanate, methylene diphenyl diisocyanate and hexamethylene diisocyanate (Hamilton 2013).  
Germany’s Federal Institute for Occupational Safety and Health (BAUA) connects iscocyanate exposure to 
dermatitis, irritation of the mucous membranes, eyes, nose and throat, gastrointestinal irritation, chemical 
bronchitis and pneumonitis. Especially continued exposure can lead to asthma, which is officially recognised 
as a professional disease connected to them in Germany (BMGS 2004).

Bhopal and isocyanates
The broad spectrum of health damages caused by exposure to methyl-isocyanate was observed after the 
catastrophic incident in 1984 in Bhopal, India, which lead to about 10,000 dead and some 100,000 injured. 
The effects varied from acute breathlessness to serious, long-term chronic lung diseases years and decades 
after exposure (Ganguly et al., 2017). 

 
Plastic pollution from pack-
aging, textiles and building 
materials is a serious prob-
lem for animals worldwide. 
Birds and fish ingest small 
pieces of plastic or fibres 
including polyester, poly-
propylene and nylon.

INFOBOX 13:
Isocyanates



 
 
be placed on the market after 7 July 2020 in articles, 
individually or in any combination, in a concentration 
equal to or greater than 0.1% (w/w) of the plasticised 
material in the article. Other ‘substances of very high 
concern’ (SVHC) found in carpets (Anthesis Consulting 
Group, 2018), such as the halogenated flame retard-
ants decaBDE and TCEP, are included in the REACH 
Candidate List. Companies supplying products that 
contain substances listed herein are obliged to submit 
information on these products to the SCIP database 
(ECHA, 2020) – ECHA’s database on Substances of Con-
cern In articles as such or in complex objects (Products) 
– as from 5 January 2021.

Today, modern buildings have to meet high standards 
in terms of energy consumption, reduction of green- 
house gas emissions and noise, and fire protection.  
The demand for air conditioning/ventilation systems, 
energy control systems and information and commu-
nication technology is increasing. One of the charac-
teristics of the three-litre house is the abundant use 
of polymeric materials (Diogo, 2014): polystyrene in 
high-performance thermal insulation foams, polypro-
pylene in ventilation systems, energy control system, 
thermal insulation foam and solar panels, polyurethane 
in the form of foams, polyvinyl chloride in ventilation 
and energy control systems, in window frames and 

The REACH regulation (Registration, Evaluation, Authorisation and Restriction of Chemicals) is a European 
regulative framework for chemicals. There are three categories for the registration of chemicals, depending 
on annual production volume. For large volumes (from 10 t/y), chemical safety reports (CSR) are compul-
sory. There are also lists of substances of very high concern that require specific authorisation procedures. 
Polymers, however, are not included in the registration process.

REACH is an advanced regulative policy, nevertheless, it has some gaps: it is aimed mostly at emerging sub-
stances on the market. The European chemicals’ market consists of about 100,000 substances, of which 
30,000 are covered by REACH (Gundert-Remy, 2007). Detailed information and risk tests are compulsory 
only for 100 t/y and more. Of the substances covered by the regulation, about 2/3 are in the category 
of less than 10 tonnes a year, for which only basic information is required. There are various exceptions 
and circuitous routes for producers to market substances of high concern. There are the terms ‘controlled 
risk’ for substances of concern and ‘socio-economic benefits’, which can outweigh environmental or health 
considerations (Lahl/Hawxwell, 2006). 

Nonetheless, after the regulation came in force in 2007, it has become an example for a successful chemi-
cal policy worldwide. Internationally, REACH shows the most progressive approach to the management of 
chemicals and possible impacts on health and the environment.

Instruments such as bans, mandatory authorisation, strict regulations concerning use or product quality, 
information obligations such as REACH and eco-labelling trigger the phase out of use and stimulate the 
substitution of hazardous substances in building materials (and others). For example, conventional adhe-
sives with reduced formaldehyde emissions today dominate the wood-based panel industries, and even 
formaldehyde-free adhesives are available, such as PMDI (polymeric diphenylmethane diisocyanate). PMDI 
is mainly used in oriented strand board (OSB). Phthalate-free plasticisers, such as alkylsulphonic acid esters 
with phenol (ASEP), have good compatibility with a large number of polymers, including acrylates, polyu-
rethane, polyvinyl chloride, and rubbers, and are not classified as hazardous (European Plasticisers, 2020). 
The Healthy Building Network found acetylated monoglycerides of fully hydrogenated castor oil (COMGHA) 
and isosorbide diesters – both bio-based products – to be the least toxic and therefore preferrable over 
the other plasticisers studied in its assessment (HBN, 2014). Other phthalate-free, non-VOC and bio-based 
plasticisers based on dioctyl succinate/bis(2-ethylhexyl)succinate or acetyl tributyl citrate, respectively, 
have been available for some years (OXEA, 2014). Meanwhile, PVC and plasticiser-free synthetic floor 
coverings are also available (e.g. GREENVINYL). Such innovations will contribute to reducing household air 
pollution problems.

INFOBOX 14:
REACH

INFOBOX 15:
What has been done 
to restrict toxic sub-
stances in buildings? 
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solar panels, polyethylene in ventilation system and 
floor heating, polybutylene in floor heating, engineering 
thermoplastics in ventilation system, fuel cells, energy 
control system and solar panels. This increasing de-
mand will probably foster the development and use of  
advanced polymers. However, the high quality of indoor 
air must always be guaranteed, particularly with regard 
to vulnerable subpopulations such as pregnant women 
and children.

However, indoor air quality is only one aspect of sus-
tainable building and living. Use of resources ( Wang et 
al., 2020), occupational safety and health in production  

and use (e.g. isocyanates, epoxy resins), and end-of-life
issues (Friege et al., 2019) have to be assessed for 
all innovations too. A simple way of achieving energy 
efficiency, avoiding toxic chemicals and preventing fires 
is to use natural cork or fibreglass insulation, which are 
inherently flame-retardant.  Better yet, cork insulation 
supports bio-based economies, and fibreglass insula-
tion, if it uses recycled glass cullet, boosts the circular 
economy.
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Epoxy resins and polycarbonates without BPA: Epoxy adhesive resins are normally formed by combin-
ing bisphenol A, an endocrine disruptor, and epichlorohydrin, a carcinogenic toxicant. Such epoxy resins 
are recognised asthmagens (https://healthybuilding.net/uploads/files/eliminating-toxics-in-carpet-les-
sons-for-the-future-of-recycling.pdf). German company RS Office Products makes BPA-free floor mats 
made of PET (http://www.rs-office.com). Covestro produces polycarbonate resins with less than 0.1% 
w/w or residual BPA (https://www.covestro.com).

Halogen-free flame retardants for polystyrene and PUR: EXP and XPS are widely used insulation mate-
rials and need to be fireproof. Polybrominated aromatic molecules and diphenyl ethers HBCD and TBBPA 
have been used as flame retardants for polystyrene and polyurethane materials for decades. They were 
rated as high-persistent, bioaccumulative and toxic by REACH. EPS can be flame-retarded by water-based 
coating with nanoparticles of boehmite and PVOH as char former (Hamdani-Devarennesab et al., 2016).

FIGURE 8
Exposure to 
substances in 
buildings 

INFOBOX 16:
What has been  
done to replace toxic 
substances in plastics 
(a few examples from 
industry)? 

 

INHALATION INGESTION

DERMAL 
ABSORPTION

Source: U.S. Green Building Council – USGBC, Better Building Materials Guide, 2020

https://healthybuilding.net/uploads/files/eliminating-toxics-in-carpet-lessons-for-the-future-of-recycling.pdf
https://healthybuilding.net/uploads/files/eliminating-toxics-in-carpet-lessons-for-the-future-of-recycling.pdf
http://www.rs-office.com
https://www.covestro.com


 

3.3	 Fire toxicity (Anna Stec, Richard Hull)

The apparent conflict between sustainability, particu-
larly minimising carbon emissions, and protection of 
human health and the environment, and particularly 
fire safety, demands more detailed comprehension and 
direction from regulators. The construction industry 
consumes 20% of plastics in Europe, providing cheaper 
products with many advantages, such as better ther-
mal insulation, better resistance to wear and decay, so-
phisticated off-site manufacture, and improved hygiene 
and greater comfort. However, compared to the mate-
rials they replace, many of these plastics involve prob-
lematic end-of-life processing, while plastics derived 
from oil are combustible and often highly flammable. 
They can reduce fire safety, fuelling fires and generating 
large quantities of toxic fumes and residues. Worse, in 
order to allow the cheapest plastics to pass regulato-
ry tests, for use in high fire-risk applications such as 
construction products fire retardants are added, many 
of which are toxic, and released into the environment 
during the lifetime of the product (potentially causing 
harm without providing adequate fire protection) and 
they increase the toxicity of the smoke. 

Three factors drive smoke toxicity, approximately in or-
der of importance. 

	n The presence of a flame. When a flame is present, 
the combustion reaction is much faster, but the 
products are initially less toxic until the fire grows.

	n The ventilation conditions. A small well-ventilated 
(w-v) fire will have very low toxicity, but if there is 
sufficient fuel, it will quickly grow to become un-
der-ventilated (u-v) when the toxicity can increase 
by a factor of 20 or more.

	n The presence of other chemical elements, such as 
nitrogen, chlorine or bromine. These can form more 
toxic substances, such as hydrogen cyanide (HCN), 
or enhance the formation of other toxicants such as 
carbon monoxide (CO).

To illustrate the factors driving smoke toxicity, Figure 
9 shows how it varies for five common plastics under 
different fire conditions. In all cases, the transition from 
well-ventilated to under-ventilated flaming results in a 
significant increase in toxicity (FED – fractional effective 
dose – increases). This effect is greatest when elements 
such as chlorine (e.g. for PVC, when HCl is released 
much more CO is formed) or nitrogen (e.g. for PA 6.6, 
when the plastic contains nitrogen most of the toxicity 

 

FIGURE 9
Smoke toxicity of 
common polymers 
under different fire 
conditions  
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in under-ventilated conditions comes from the HCN) are 
present. 

Insulation products are very widely used in construc-
tion but vary from non-combustible, stone wool (SW) 
or glass wool (GW) to combustible, polyisocyanurate 
(PIR), polyurethane (PUR), phenolic (PHF) and expand-
ed polystyrene (EPS) foams. Figure 10 shows the large 
differences in the toxicity of these products when burn-
ing. In particular, PIR (which was used extensively on 
Grenfell Tower, London, where 72 deaths occurred) and 
PUR have much higher toxicity because of their nitro-
gen content than other combustible insulation, such as 
PHF and EPS, while non-combustible insulation prod-
ucts show low toxicity, as their organic binders burn. It 
is important to understand that combustible foams will 
support the spread of a fire, releasing enough heat to 
ignite the next section, whereas non-combustible prod-
ucts will not support flame spread.  

What are the main findings and conclusions for fire tox-
icity of plastics?  Smoke toxicity is the biggest threat 
to humans and the environment in the event of a fire. 
Its lack of regulation has left manufacturers without 
any incentive to minimise the smoke toxicity of their 
products. While upholstered furniture drives the great-
est loss of life from fire, combustible construction prod- 
ucts fuel major fire disasters, such as Grenfell Tower 
in the United Kingdom or the Düsseldorf Airport fire. 
As a society, we cannot regulate what people put in 
their homes, but we must insist that their homes are 
built safely. Despite the clear and well-documented evi- 
dence, neither the European Commission nor any of its 
member states have so far attempted to regulate the 
smoke toxicity of construction products or furniture. 
Certain industry sectors, notably manufacturers of 
PVC and rigid foam insulation, have lobbied very hard 
and successfully to prevent such regulation  (Reuters, 
2017).
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INDRESMAT produces window frames from bio-based polyurethane which is recyclable and a low carbon 
footprint material that improves energy efficiency in buildings.  

PRO: Replacing PVC frames is advantageous where no take-back schemes for PVC exist. Bio-based sources 
provide an alternative to fossil sources. The design with few component materials allows for easier separation 
after use. CONTRA: The isocyanates used are not yet bio-based and recyclable, the problem of flammability 
and smoke toxicity is not yet solved. RECOMMENDATION: Provide third-party verified transparency of ingre-
dients and LCA compared to conventional materials. 

FIGURE 10
Smoke toxicity of six 
commercial thermal 
insulation products 

          S T A R T   U P



3.5	 Necessary steps towards sustainability of plastics (Jim Vallette ) 

Green building advocacy centred for a while on the 
‘precautionary principle,’ to first do no harm. Today, 
it uses narrow life cycle assessments that ignore the 
unsustainability of plastic production. It focuses on re-
warding marginal improvements in the form of opaque 
transparency. Building product certification bodies list 
products with contents that are only partially disclosed 
by manufacturers. Some systems list products simply  
for participating in industry-wide ‘Environmental Prod- 
uct Declarations’ that aggregate and average data 
from multiple manufacturers and thus mask important 
product-by-product differences between manufacturing 
practices. Another practice that is rewarded by the cer-
tification industry is the use of bio-based materials in 
plastics, even when most of the product is comprised 
of toxic petrochemicals. Some spray foam insulation,  

 
 
for example, is marketed as being ‘bio-based.’ This is 
due to the replacement of petroleum-based polyols – a 
small portion, typically no more than 10%, of the for-
mulation that is reacted to make this product – with 
soy-based polyols (HBN, 2010).

Plastics will only be sustainable when they are no 
longer derived from fossil but rather from renewable 
carbon sources or from carbon capture and utilisation. 
CCU refers to the capture of carbon dioxide (CO2), es-
pecially from combustion exhaust gases, and its subse-
quent use in other chemical processes, e.g.  bio-based 
plastics, typically made from soybean oil, are already 
used in products such as corner guards and wall cov-
erings (Covestro, 2020; Alparach, 2020; Carnegie,  
2019). Ocean algae-based plastics offer more prom- 

3.4	 Policy and regulations – a US perspective (Jim Vallette )

The composition of building materials varies from coun-
try to country. Factors include costs, availability, local 
building design culture, marketplace awareness and, 
perhaps most importantly, government regulations. In 
China, where the government controls the entire sup-
ply chain, from raw material extraction to final product 
manufacturing, regulations are not much of a concern 
for producers of vinyl flooring, for example. Massive 
volumes of carbon dioxide and mercury catalyst waste 
are released in the process. The European Union, 
through REACH, prohibits the use of a wide range of 
toxic chemicals from use in building materials.

The chemical industry too has succeeded in prevent-
ing the leading green building standard in the United 
States, the U.S. Green Building Council’s LEED rating 
system, from adopting restrictions on certain substanc-
es. In the early 2010s, when the American Chemistry 
Council (ACC) moved to credit projects that avoided the 
use of PVC, it started lobbying states and the feder-
al government to prohibit the use of the LEED rating 
system. A pivotal moment in the green building move-
ment occurred in 2014 when the USGBC issued a joint 
press release announcing an agreement to cooperate 
with the chemical industry (USGBC, 2014).  This coop-
eration is further reflected in a 2016 statement from  

 

the USGBC’s chief operating officer, Mahesh Ramanu-
jam, stating (USGBC, 2016): ‘The products and materi-
als that ACC’s member companies offer in the market 
directly contribute to more sustainable outcomes for 
the building and construction industry. These products 
consistently raise the bar on how our buildings per-
form, especially from an energy efficiency standpoint, 
and help the building and construction industry to meet 
their sustainability goals.’

A lot of policy discussion in green building standards 
now evolves around transparency and the adoption of 
disclosure tools such as Health Product Declarations 
(HPD) and Environmental Product Declarations (EPD).  
However, transparency is just a first step towards sus-
tainability. Far more important is what is done with that 
information. Many well-disclosed products are now 
listed in various directories of green building products, 
and yet they contain toxic substances that harm build-
ing occupants, workers and the planet. Even products 
certified by the Living Building Challenge and Cradle 
to Cradle contain toxic chemicals such as isocyanates. 
This can only confuse consumers. The influence of the 
chemical industry has overwhelmed the green building 
community (Healthy Building Network, 2017).
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ise of sustainability, as they do not rely on fertilisers 
or pesticides that can harm people and the planet 
(Heikkinen, 2015). Many sustainable solutions are 
ready for adoption in green building practices, with the 
primary hurdle being market acceptance. Affordable 
solutions are at hand for many categories of building 
materials. Simple bio-based replacements are available, 
such as wood siding and linoleum floors. Other alterna-
tives are yet to be fully realised, such as algae-based 
plastics.

Global policies also offer some promise of a wide 
application of sustainable solutions. Multilateral en-
vironmental agreements are developing a Strategic 
Approach to International Chemicals Management  
(SAICM). This approach has started to collect informa-
tion on chemicals in building products and advocates 
for more disclosure of these ingredients by product  

 
manufacturers. It promises to organise disparate ef-
forts, find substitutes for hazardous substances that 
are energy and material-efficient and develop inherently 
safe consumer products (Friege, 2017).

 

PBAT 13.4%

PBS 4.3%

PLA 13.9%

PHA 1.2%

Sb 21.3%PTT 9.2%

Other 
(biodegradable) 1.4%

PP 0.9%

PA 11.6 %

PET 9.8%

PE 11.8%

Other (bio-based / 
non-biodegradable) 1.1%

Source: A white paper from the 8th Chemical Sciences and Society Summit (CS3), June 2020

Petrochemical-based / biodegradable 17.7%   

	PBAT	 polybutylene adipate terephthalate
	PBS	 polybutylene succinate

Bio-based / biodegradable 37.8%
	
	PLA	 polylactic acid
	PHA	 polyhydroxyalkanoates
	Sb	 starch blends
	Other 	other biodegradable

Bio-Based / non-biodegradable 44.5%
	
	PTT	 polytrimethylene terephthalate
	PP	 polypropylene
	PA	 polyamides
	PET	 polyethylene terephthalate
	PE	 polyethylene
	Other	 other bio-based / non-biodegradable

Bio-derived polymers based on molecules extracted from biological material, e.g. plants, are not necessarily 
biologically degradable (White Paper 2020). About half of bio-based plastics are not biologically degradable 
And vice versa some biodegradable plastics such as PBS and PBAT are largely based on petrochemicals. 
About one third of bioplastics are both bio-based and biodegradable (European Bioplastics, 2019). 

INFOBOX 17:
Bio-based and bio-
degradable plastics

FIGURE 11
Global production of 
biodegradable and 
bio-based plastics  



3.6	 Existing solutions and necessary innovations – 

	 a US perspective (Jim Vallette )

The last chapter has focused largely on a wide view 
of product sustainability, from the extraction of raw 
materials to the end of a product’s use. At that ap-
erture, progress can appear hard to see, but there is 
quite a lot to celebrate. In the past 20 years, a com-
bination of marketplace and regulatory pressures has 
removed some very harmful materials from the built 
environment. Formaldehyde is no longer used in fibre- 
glass insulation. Ortho-phthalate plasticisers are largely 
phased out of vinyl flooring. Alkylphenol ethoxylates – 
including nonylphenol and oxyphenol ethoxylates, 
which are highly toxic to fish and suspected of being 
endocrine disruptors – have been phased out in much 
of the world from use in standard paint. These changes 
reveal a very fluid but malleable marketplace.  

Scientific understanding of the industry’s impact on 
health has also increased. As building product ingre-
dients became better known, so too has an under-
standing that they are released into people’s homes, 
workplaces and food chain and not – contrary to earlier 
beliefs – ‘bound in a matrix’ as industry has asserted 
for decades. The market has also become more familiar 
with the built environment’s connections to chronic dis-
eases such as asthma (e.g. isocyanates) and diabetes 
(endocrine-disrupting chemicals).

Ten years ago, manufacturers disclosed very little 
about what was in their building products. Today, the 
marketplace expects full transparency. Now, through 
open access databases such as the Healthy Building 
Network’s Pharos Project (HBN, 2020), consumers can 
discover what kinds of hazards are associated with the 
disclosed ingredients. The SAICM’s focus on chemicals 
in building products is yet another indicator of progress 
toward finding alternatives to the most problematic 
materials. 

TGSeed produces high-tech wood made of various natural fibrous raw materials mixed with plastic 
waste. It aims to compensate timber consumption and deforestation.  

PRO: Interim solution for emerging and developing economies. Combination of bio-based waste and plas-
tic waste shows how to give waste a value, potentially reducing deforestation. CONTRA: Source of waste: 
not every type of plastic is suitable (toxic additives). Flammability of polymers. Recyclability is questionable.  
RECOMMENDATION: Value creation should be established in a way that lets local production in Kenya benefit 
and hinders deforestation. The source waste materials should be screened for toxic substances.

ONLINE SURVEYS WITH EXPERTS (see Annex A, B, figure E): 

Asked for necessary innovations, respondents proposed removal of and more sustainable additives, 

bio-based and biodegradable polymers, design for recycling. 

?
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Polyamide: Bio-based polyamide grades have been available on the market since a couple of years. PA 
6.10 and PA 10.10 are made by polycondensing hexamethylenediamine and sebacic acid (produced, for 
example, by DuPont, BASF, Evonik), which is extracted from the seeds of the castor oil plant. Both grades 
exhibit high strength, heat resistance, chemical resistance and overall durability. PA 6.10 absorbs far less 
moisture than the common PA 6 and PA 6.6. PA 6.10 is therefore a good engineering material for applica-
tions that require high dimensional stability (Akro-Plastic, 2018). Dowels are normally made of polyamide 
(‘nylon’). The dowel is therefore an interesting application. It is marketed by Fischer (Germany) as a ‘Green-
line’ product, German name ‘Biodübel’ (Federal Ministry of Education and Research, 2014).

Epoxy resins (without BPA) can be based on a renewable resource such as polyphenols. ‘Quercetin (Q-NMA) 
was functionalized and cross-linked to afford a robust epoxy network. The thermal and mechanical proper-
ties of this naturally derived network were compared to those of a conventional diglycidyl ether bisphenol 
A-derived counterpart (DGEBA-NMA). Q-NMA had similar thermal properties… and comparable mechan-
ical properties to that of DGEBA-NMA.’ Development of Q-NMA can lead to an interesting substitute for  
bisphenol A-based epoxies in various specialised engineering applications (Kristufek et al., 2016).

PUR based on renewable compounds without isocyanates (‘non-isocyanate polyurethane – NIPU’): there 
is a long tradition in the synthesis of non-isocyanate urethane polymers of using the reaction of cyclic car-
bonate with an amine, starting with a US patent in 1954. The main actors and patent applicants in the last 
decade are BASF, Dow Global Technologies and Polymate/NTI.

Polyethylene (PE): ‘Green ethylene’ is produced by dehydration of ethanol (Braskem, Brazil), which stems 
from sugarcane. Brazil has a long tradition in using sugarcane to produce ethanol for fuel. Polymerisation 
of ‘green ethylene’ does not differ from fossil-based ethylene. Quite clearly, there is a massive reduction 
of CO2 emissions, since sugarcane ethanol requires only a small amount of fossil fuels for its production. 
On the other hand, future large-scale ethanol production from sugarcane might lead to the destruction or 
damage of biodiversity and further deforestation. 

INFOBOX 18:
What kind of plastics 
can be produced 
from renewable raw 
materials (examples 
of a few company 
solutions)?
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Polymeric materials (thermoplastics, rubbers and ther-
mosets) play an important role in civil engineering and 
the construction of buildings. Whereas the core of a 
building is usually made of stone or concrete, polymers 
are mainly used in a wide variety of applications for infra- 
structure purposes (pipes for water and gas supply, 
floor heating, waste water, cable insulation and hous-
ings, window frames), surface protection (water proof-
ing, wall paints), thermal insulation (polymer foams, 
vapour diffusion barriers, etc.). Over the last 30 years, 
typically 25% of global polymer production found its 
way into building applications each year, meaning an 
increase from 25 tonnes in 1990 to 75 tonnes in 2020. 
This fact underlines the necessity to introduce life cycle 
assessment (LCA) considerations already in the design 
and planning phase of buildings as well as the use of 
environmentally friendly plastic materials that do not 
contain more than a minimum of ‘unhealthy’ additives.
 
In the past, the main aim of sustainability considera-
tions in civil engineering was to minimise the energy 
consumption of buildings. Still even today, there is of-
ten the problem that construction costs are paid from a 
different budget than maintenance costs. This is often 
an obstacle to a more sustainable construction of build-
ings due to imagined budget savings. However, in the 
future a holistic view of constructing buildings is neces-
sary if aims such as the following are to be achieved: 

	n Affordable homes for the growing world population 
with at least minimum comfort and basic hygiene 
facilities 

	n Provision of a certain level of comfort with minimal 
resource consumption 

	
	n Transformation of the current economy towards a 

circular economy. In this context, the use of poly-
mers is crucial to achieving these goals as well as 
satisfying the human desire for comfort because of 
their unique materials and processing properties.

Buildings are the human mass products that have the 
longest life expectancies, and they are absorbing huge 
amounts of materials. In the past, it was not necessary 
to take into account end-of-life scenarios of buildings, 
as their waste consisted of minerals and corroding 
metals that did not cause severe problems on landfills. 
Often stones, bricks and wooden beams were directly 
recycled in new buildings. At the latest since the begin-
ning of the new millennium, the situation has changed 
significantly, as waste from buildings has shifted to 
an increasingly complex materials mix that consists of 
minerals, metals, different kinds of polymers and elec-
tronic components containing a lot of additives and 
composite materials. In the environment of a landfill, 
many chemical reactions become possible that can en-
danger human health, drinking water resources and the 
natural environment and can poison food, e.g. through 

ONLINE SURVEYS WITH EXPERTS (see Annex A, B, figure F): 

While the experts estimate the potential for energy saving in plastic insulation as very high (65%), they 

recognise that energy demand during production, recycling and general resource demand for disposal 

are very high as well (> 50%). 
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4.1	 Building plastics and aspects of sustainability 
	 (Bernhard Möginger)

?



the release of hazardous substances or microplastics. 
This partly already happens during the use phase of 
buildings. Paints can be considered as one of the major 
sources of global microplastics. The International Union 
for Conservation of Nature reports that the contribution 
to microplastics of marine coatings is 4 %, road mark- 
ings 7% and city dust, consisting to a certain part of 
wall paints, 24% ( International Union for Conservation 
of Nature, 2017). This example shows already that 
depositing construction waste on landfills is no longer 
an option for the future.

It can be observed in public discussions that many 
people consider plastics as a single kind of material be-
cause they consist of macromolecular chains. However, 
the problem-solving capabilities of polymeric materials 
stem from the fact that these macromolecular chains 
differ significantly with respect to chemical compo-
sition and chain conformation. LCA (life cycle assess-
ment) data show that the synthesis of polymers is an 
optimised process that is linked to an energy input of 
around 60 and 80 MJ/kg and greenhouse gas (GHG) 
emissions of typically 1.5 to 3.5 kg CO2 equivalents. 
Significant improvements in the environmental impact 
cannot be expected in the synthesis (although the use 
of renewably produced monomers contributes to a re-
markable reduction of GHG emissions) but in the recy-
cling field, as the large impacts due to production are 
then distributed across the number of recycling cycles.

The use of recycled polymers does not require the synthe-
sis step itself. However, different synthesis processes 
might be required that ease recycling afterwards. In 
order to meet currently valid requirements and guide-
lines for materials in civil engineering, a lot of additives 
have to be used in polymer compounding, e.g. flame 
retardants, stabilisers, softeners, etc. Of course, these 
additives do a good job with respect to the primary in-
tention, but they might sometimes generate side ef-
fects that are more harmful than the primary damage. 
Furthermore, many requirements are old and stem 
from times when conditions in house building and style 
of living were very different from today. From a sus-
tainability point of view, they can often be considered 
counterproductive. 

More sustainability in the area of polymers in building 
applications and their chemistry requires firstly the ad-
mission that most buildings – especially their technical 
interior installations – are not made for eternity, and 
secondly a review of all corresponding standards and 
guidelines in order to address and include end of life 
and thus to facilitate the recycling of polymer prod-

ucts used by the construction industry and their reuse. 
These efforts will lead to polymeric materials having 
a simpler but still well-performing composition with 
better recycling capabilities. In this context, it would 
be important to create a database in which polymer 
compounds for buildings with approved additives are 
defined together with possible recycling routes. To de-
sign these recycling routes efficiently, homogeneous 
polymer collection is needed, which can be done, for 
example, by means of harmless tracer substances or 
colouring. 

Furthermore, many polymer products for buildings are 
composites with either a multi-layer or a sandwich 
structure. The proper recycling of such materials is only 
possible if the separation of multi-layers or composites 
to homogeneous material fractions is already taken 
into account in the design phase, supplemented by 
adequate and efficient reprocessing technologies. The 
consequences of a holistic view of constructing build-
ings are: 

	n Generation of greater awareness of these long-
term aspects in the training of architects, civil en-
gineers, manufacturers of building components and 
construction companies 

	n The reformulation of legislation to address a really 
sustainable construction of buildings 

Currently, these two aspects have not yet come to 
the attention of technically highly developed societies 
and their public opinions but are only addressed by 
non-governmental organisations such as the ‘Deutsche 
Gesellschaft für nachhaltiges Bauen – DGNB’ (German 
Sustainable Building Council). The DGNB provides de-
tailed information, partly in the form of flow charts, 
which guide, for example, towards the sustainable use 
of polymeric materials and parts in building construc-
tion. If we want to solve and overcome these current 
challenges in particular in relation to the use of poly-
meric materials and parts in building construction, a 
large-scale, ongoing, global and concerted effort will 
be necessary in order to introduce sustainable chem-
istry into the value chain of polymer production and 
shift people’s thinking towards sustainability. In that 
respect, this report is a first step in the right direction.
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4.2	 Building insulation: LCA and alternative materials 
	 (Oleg Ditkovskiy) 

In the four surveys undertaken by ISC3, the experts in 
the field of construction interviewed about plastics and 
sustainability stated that plastic materials have low 
maintenance and investment costs and are easy to use 
and maintain but difficult to recycle (Survey, Q6). Nev-
ertheless, the respondents gave plastics’ performance 
as their main advantage, especially in conjunction with 
their low price (Survey, Q5). 

There was no uniform opinion among the experts on 
the aspect of energy efficiency. About 40% considered 
plastics to be more energy-efficient in comparison to 
other materials and another 40% found the exact op-
posite (Survey, Q8). This has to do with two aspects 
of construction polymers. While experts estimate the 
potential for energy saving for plastic insulation as very 
high (65%), they at the same time recognise that ener-
gy demand during production, recycling and the gener-
al resource demand for disposal are very high as well 
(53% – 60%) (Survey, Q3).

A research study by ifeu on different insulation mate-
rials published in 2019 (Reinhardt et al., 2019) com-
pared insulation made of renewables, minerals and 
synthetic materials. The research is based on life cycle 
assessment and concludes that, taking into account 
today’s building and recycling practice, renewable raw 
materials are the most sustainable from an LCA per-
spective, e.g. wood-fibre, blown-in insulation as well as 
hemp and jute mats. The reason for this is their environ-
ment-friendly production and low pollution rates in the 
disposal phase.

In second place, according to the study, are cellulose, 
blown-in insulation, new, non-HBCD EPS and wood- 
fibre mats. In third place are most other insulation 
materials in board or mat form (PU, XPS boards, dry- 
produced, wood-fibre boards, rockwool boards, glass 
wool mats, mineral foam boards). The worst performers 
in this comparison are wet-produced, wood-fibre insula- 
tion boards and foam glass boards because of the high 
energy demand for manufacturing.

The comparison was based solely on the LCA data in 
accordance with the EN 15804 norm and the 50:50 ap-
proach and did not take into account toxic substances 
and environmental pollution, e.g. through microplastics, 
or material properties such as flammability, moisture 
resistance or load-bearing capacity. 

Following this methodology, hemp and jute products 
received a good rating as long as they are made from 
residual biomass or secondary raw materials, such as 
used cocoa sacks.

The study forecasts that the life cycle assessment of 
insulation materials will improve in the future due to 
new recycling processes. For bonded insulation boards 
(e.g. EIFS), renewable raw materials are almost on a par 
with HBCD-free EPS at the current level of waste incin-
eration. EPS boards will gain an advantage as soon as 
circular economy is achieved.  A prerequisite for this is 
that EPS is recycled and fed back into production. How-
ever, material recycling is only possible with virgin and 
non-HBCD material. Unfortunately, most future waste 
will be EPS used in earlier decades that is contaminat-
ed with HBCD. These materials could be separated and 
recycled with the CreaSolV® process developed by the 
Fraunhofer Institute for Process Engineering and Pack-
aging IVV. However, this technology (described in Chap-
ter 4.6) is currently only used in a demonstration plant 
on a small scale.
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Deutsche Gesellschaft für Nachhaltiges Bauen (DGNB) is a German Sustainable Building Council. The DGNB 
lists contacts and provides extensive information on all aspects of sustainable construction and renova-
tion of buildings on the website https://www.dgnb.de/en/. An example is a checklist on how to construct 
new buildings or redesign old buildings in a sustainable and deconstruction-friendly manner which can be 
downloaded from https://static.dgnb.de/fileadmin/dgnb-ev/en/topics/circular-economy/DGNB_Toolbox_
CE_checklist_deconstruction.pdf?m=1568806725&

INFOBOX 19:
DGNB Toolbox 

Wood-fibre, blown-in 
insulation as well as 
hemp and jute mats 
showed the best LCA 
results in the 2019 study 
by IFEU.

https://www.dgnb.de/en/
https://static.dgnb.de/fileadmin/dgnb-ev/en/topics/circular-economy/DGNB_Toolbox_CE_checklist_deconstruction.pdf?m=1568806725&
https://static.dgnb.de/fileadmin/dgnb-ev/en/topics/circular-economy/DGNB_Toolbox_CE_checklist_deconstruction.pdf?m=1568806725&


A truly sustainable building 
requires proper design 
for the whole life cycle of 
materials already in the 
planning phase.

The most sustainable solution with which to make insu-
lation materials reduce their ecological imprint is a circu-
lar economy that should be implemented in the future.

While today old insulation materials are mainly disposed 
in waste incineration or cement production plants, the 
study shows the specific advantages of material recy-
cling: old processed masses from old insulation mate-
rials can be further processed into other products or 
fed back into their original production as raw material. 
This reduces resource consumption and significantly im-
proves their ecological balance. A prerequisite for such 
material recycling is that the construction and building 
materials are suitable, meaning that insulated building 

components must not consist of mixed materials and 
inseparable composites. In addition, efficient material 
recycling methods are required.

The study by ifeu concludes that certain insulating ma-
terials made from renewable raw materials are ahead in 
terms of life cycle assessment but cannot be used for 
all areas of application. Insulation materials made from 
mineral or synthetic raw materials have a broader range 
of applications. In order to achieve a good ecological 
balance, they will need recycling on a much larger scale 
in the future in order to enter into a circular economy 
and thus lessen their considerable ecological footprint.

4.3	 Demands on building materials – an architect’s perspective 
(Kay Künzel)

Anyone working as an architect needs to have a certain 
degree of resilience. After all, they have to deal with 
topics that are both complex and diverse. From draw-
ing, constructional details, standards and codes, diver-
gent building materials, right down to overseeing work 
on the construction site – nuanced questions require 
competent and fast solutions. Sustainable building also 
requires detailed expertise in structural physics as well 
as extensive knowledge of the core topics of ecology 
and sustainability.

Unlike many other modern professions, an architect’s 
work is geared towards creating something that will 
endure. An architect creates a structure that will last 
for decades, something that is functional, aesthetic and 
should provide a healthy environment for its occupants 
throughout the life of the building. The question we need 
to address is this: what kind of expertise can the archi-
tect provide in order to cover all aspects of this under- 
taking, from design to mathematics, from physics to  
chemistry? Against the backdrop of global challenges in 
terms of ecology and sustainability, how can we ensure 
future-proof construction?

As far as ecological and sustainable construction is 
concerned, the architect faces the task of dealing with  
issues in the area of building chemistry. The decades-old  
question of how vapours from chemical building ma-
terials affect building occupants and indoor air quality 
has so far remained unanswered, especially since the 
adverse interactions between the materials used have 
largely been unexplored. The disposal of building ma- 
terials from the 1970s is also still an important issue, and 
often dismantling is made more difficult by problemat- 

ic building materials that were previously used widely, 
such as asbestos or polystyrene.

As the situation currently stands, architects and con-
sumers simply have to trust what manufacturers tell 
them about their products. However, this trust has al-
ready been abused many times, for example, in the case 
of polycyclic aromatic hydrocarbons (PAH), asbestos, 
pentachlorophenol or lindane, DDT (dichlorodiphenyl- 
trichloroethane), paints contaminated with tetrachlor- 
ethylene, formaldehyde-containing building panels, and 
insulation materials laden with flame retardants such 
as HCBD. All the same, this has led to at least one de-
bate currently taking place about recyclability – for in-
stance, about building materials that decompose over 
the long term, such as mineral fibres. 

The debate marks an important step, given that con-
struction requires long-term, future-oriented thinking 
and planning. However, the problem of the health  
effects that chemical substances have on the human 
body and indoor air quality should not be neglected. 
To put it succinctly, almost all building materials, includ-
ing furniture and interior fittings, and even the people 
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