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Procedural Comments 
 
All questions were posed via an anonymous, open access online survey (google forms) 
and communicated mainly through the networks of the German Young Chemists Network 
(JCF), the International Younger Chemists Network (IYCN) and the European Young 
Chemists’ Network (EYCN). Within about two months 61 answers as text replies to each 
individual question were acquired. The incoming answers were checked for irregularities 
regularly, no irregularities could be observed. The results are not to be taken out of context 
and merely represent the opinions of individual participants from 22 different countries: 
Germany (16), Philippines (12), France (7), Belgium (3), Singapore (2), Austria (2), Italy 
(2), Nigeria (2), Morocco (2), South Africa (1), Spain (1), Nepal (1), Canada (1), USA (1), 
Switzerland (1), Malaysia (1), Argentina (1), Ecuador (1), Brazil (1), Taiwan (1), India (1), 
Bangladesh (1). This work aims to summarize these responses and does not necessarily 
reflect the opinions or views of the authors. The authors recognize that despite best efforts 
subjective opinions may have influenced the summary and work-up of the survey results. 
All answers can be found in the following. However, in the effort of getting an idea of global 
opinions of young chemists, the results show a valuable snapshot of their perception 
regarding sustainable development discussions within the chemical sector. Therefore, they 
may prove useful for ongoing and future international discussions on youth engagement 
on the topic.  
 
In the following, the answers to the survey are presented as given by the participants 
sorted by question and country (Sections A-D). Double answers were probably given by 
the same person. Furthermore, the gender of the participants was surveyed, which is listed 
in section E. 
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A) Answers to Question 1 “What are your expectations towards the role 
and responsibility of the chemical sector?” 
 
Argentina (1) 

(1) They must be catalizers un the popularization of Science, in general, and 
Chemistry,nin particular. 
 

Austria (2) 
(2) the chemical sector, first of all researcher, should work more together also in order 

to reduce waist of time, money and resources. Profit and economy should not be 
the first priorities. Sustainability should be more focused.  
 

(3) Find sustainable solutions and  for everyday products and facilities and MOST 
IMPORTANTLY communicate the importance to implement these in our every-day-
life and how everyone can participate in changing the society 
 

Bangladesh (1) 
(4) Develop Synthesis Method  

 
Belgium (3) 

(5) I believe the field of chemistry plays a central role in the development of a 
sustainable Future. Chemistry is predominant in the life-cycle of all products meant 
for the human economy and bestond. In this Sense, chemistry should be the 
pioneering field of human activity that enabled a sustainable Future through 
technological advancements. It's not just up to People to separate their trash bags, 
it's up to scientists, engineers and highly motivated and creative people to develop 
the technological framework that enables a sustainable Future. Here, chemistry 
plays the central role. 
 

(6) I think it is important that chemical companies integrate new technologies in their 
processes. These technologies should be developed in researche labs and be 
translated towards industry processes. 
 

(7) The chemicals sector - having an inherent risk of significant environmental pollution 
- should be taking a leading role in the transition to a sustainable society. Although 
finances do play a part, a lack of financial support should not be used as a quick 
and easy excuse to dismiss criticism of the sector. 
In addition to research and innovation, the chemicals sector should promote not 
only the use of sustainable chemicals and processes, but also actively engage in 
undoing the results of accidents/spills/contamination which happened in the past. 
Lastly, an easily accessible global database containing more environmentally 
friendly practices and processes can be created. The main goal of this database 
would be to inform the public and industry, as well as having an overview of where 
we are not progressing fast enough. 
 

Brazil (1) 
(8) Understand the circular economy and green chemistry principles. 

 
Canada (1) 

(9) Discover and unravel technologies for advanced recycling and purification of 
complex materials for recycling. 
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Ecuador (1) 
(10) Become greener and develop new ways to use residues from industries 

 
France (7) 

(11) My expectations are that chemicals sector takes full participation achieving U.N. 
defined sustainable development goals 
 

(12) Chemistry is strongly involve in the daily life of people. Thus, the chemicals sector 
should take the lead to set an example about societal challenges (such as climate 
change, global warming, using of renewable energy and so on) 
 

(13) Chemistry has to be clean, there is a lot of responsabilities on chemical sectors, 
because it is the sector that made research on ecology. 
 

(14) Let "exotic" chemistry being more used (photochemistry, electrochemistry)  
 

(15) A lot of expectations. The chemistry sector has a huge responsability in the 
situation we are in, since this sector is one of the most polluting and harmful to our 
ecosystems. In my opinion, it is urgent that the chemistry sector focus on solutions 
to develop plastic recycling processes, more cyclical synthesis process, biological 
waste valuation...  
But the first thing to do, before going forward, is to stop going backward and 
rejecting any form of responsability. Indeed, such big companies like ____, ____* 
(we hear a lot of them in Europe, but they are only the tip of the iceberg),... They 
also shape the opinion of chemistry that people have (and it is very low, believe it or 
not) and as a consequence, impact the attractivity of this field, and maybe also the 
investments in the latter... 
Finally, I think that it won't be easy to take these actions and decisions, even less 
without any poltical support or investments, but we should not wait for them. The 
political crisis that are raging a little bit everywhere in Europe show us that the 
political sphere is late on these questions and will only follow what the people desire 
them to do.  
 
*Note: Names of companies are censored to avoid any harm to their image solely 
because they were used as examples expressed in a single personal opinion. 
 

(16) Have more important places in the sustainable development 
 

(17) The chemical sector is a key actor in sustainable development, since chemicals 
are always around us and chemistry is used in almost every industries, at every 
step of production and/or innovation. This sector must improve its sustainability and 
it is essential to allow more money to research. 
 

Germany (16) 
(18) The chemical sector has to be a leading source of innovations regarding 

sustainability 
 

(19) -Reduce pollutions (waste, air pollution, plastic, ...) 
 -Try to be local, no long transportation ways 
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(20) The chemical sector needs to evolve now (!) to become independent from oil and 
coal as a ressource. These are limited and will run out eventually anyway, there is 
no future for this in the long term, neither environment- nor profitwise. 
The chemicals sector has a big responsibility as it is one of the only sectors to have 
the opportunity to shape future development by innovation. Many current 
sustainability issues require a chemical solution (especially plastic waste and 
materials for e.g. solar energy conversion).  
 

(21) The sector needs to show that it is possible to work in a sustainable way and lead 
the research for other companies into it 
 

(22) That they not just publish there Sustainable chemistry strategy but fully implement 
them  
 

(23) Chemical sector should be very aware of their responsibility when it comes to 
sustainability and eco-friendly future solutions. 
 

(24) To invent and improve processes to avoid any waste. Not to let any chemicals 
(including exhaust gases) enter the environment and instead use them in a clever 
way. 
 

(25) Due to the fact that the Chemical Industry and Reasearch Organisations have a 
large impact on the environment and the use of sustainable materials, they have a 
large responsibility towards this issue and should play a leading role in the search 
for environmentally friendly solutions.  
 

(26) To find green solutions on their own and not because they "have to" and are forced 
by governments. 
 

(27) The chemical sector will play a key role in shaping a sustainable future. It has to 
provide the key innovations that enable the combination of our current (global) 
lifestyle with a responsible use of materials.  
 

(28) Production of materials for all sectors of industry. Investing in new sources and 
sustainable energy while maintaining stable prices within the range of inflation.  
 

(29) The chemicals sector (among other sectors) needs to do nothing less but change 
the core attributes of its business model. Chiefly that means changing from a linear 
to a circular model. Specific points that need addressing are: (i) remediation of 
chemical waste materials (e.g. fluorine species, heavy metals, plastics etc.), (ii) 
enabling technologies that in the mid-long term circumvent the need for remediation 
of waste mentioned in (i).  
Synthetic biology is the common denominator for this: biological organisms are 
capable of amazing chemical transformations with incredible selectivity, and 
efficiency. They can be used as a sustainable resource for producing both bulk 
chemicals as well as specialty chemicals. The chemical sector needs to shift 
towards this type of business model. 
 

(30) Huge. They have to stand for field that are really crucial and acknowledge that 
chemical sectors have non sens and are just there to earn more money. 
 

(31) Create products for daily life, without polluting the Environment heavily. 
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(32) The chemical industry needs to switch to renewable energy sources and reduce 

dependency on fossil feedstocks such as oil & gas as quickly as possible. Also, 
toxic, carcinogenic and / or non-recyclable (by-)products need to be phased out. 
Furthermore, the chemicals sector has to help other industries through its products 
to reduce their respective CO2 footprints & greenhouse gas emissions and switch 
to recyclable materials. 
 

(33) Leading the development and implementation of greener processes, people and 
planet over profit! Taking responsibility for the true costs (e.g. product disposal, 
remediation, municipal waste-water treatments etc.) 
 

India (1) 
(34) I would like to make a process green by using less hazardous and non-toxic 

chemicals.  
 

Italy (2) 
(35) i. awareness; ii. action; iii. communication. The chemical sector broadly speaking 

must know, calculate and publicly share its impact on GHG emission and than 
delineate and share strategies to reduce those numbers. Extensive use of 
renewables, making products that are more durable or on the other side degradable 
are just some examples. Given that we have 12 principles of green chemistry it will 
be good to see what each industry/institution is committing to in order to adhere to 
those principles. 
 

(36) I would like the chemical sector to take very seriously the role in the future 
environment we are all going to play our lifes. Sustainability should be not only a 
way for industries to distinguish themselves and underline excellence, but a real 
philosophy of companies in which marketing of non-green commodities becomes 
less profitable among commercial competitors. 
 

Malaysia (1) 
(37) We have to improve the world 

 
Morocco (2) 

(38) important 
 

(39) an increase interest and more responsibility toward environment. 
 

Nepal (1) 
(40) Should encourage the level of thought & education by helping for free fund 

scholarship any many more project on developing countries. 
 

Nigeria (2) 
(41) More training 

 
(42) That they operate in such a way that the maximize inputs to generate outputs with 

little or adverse effect on the environment using cleaner energy in the process. 
 

Philippines (12) 
(43) I expect us to constantly find ways to make our chemistries greener and to make 

green chemistry the norm rather than being a novelty. 
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(44) To be more responsible and the support to the young generations.  

 
(45) My expectations towards chemical sectors' role are simple: 1. Provide products 

and techniques that will benefit different sectors in the society 2. Contribute to the 
public knowledge in order to clear any curiosity or questions regarding different 
branches in the chemical sector. For their responsibility I almost always think of 
their genuine respect towards nature since it is really important for people and 
professionals to understand the impact of our cumulative chemical knowledge and 
practices on nature- the damages and benefits thus it is the most important 
responsibility for the chemical sector to not enrich the minds of the public with 
knowledge in chemistry but also proper ways and etiquette in protecting the 
environment with less compromise on our methods. 
 

(46) To provide an effective platform for chemical awareness especially to the youth 
today.  
 

(47) I expect them to be resourceful and be mindful of the effects of the chemicals to 
our environment. Reproducing chemicals that are not harmful for everyone and 
anything by innovative and wise ways.  
 

(48) To develop and execute more green programs to lessen the effects of global 
warming and pollution 
 

(49) My expectation is that it may be develop more environmental friendly chemicals in 
replace of those toxic chemicals. 
 

(50) Study on structures of new chemicals; production of new beneficial products; 
implementation of hazard free processes in manufacturing; elimination of harmful by 
products during manufacturing processes 
 

(51) My expectation is that we will abide to all the rules and regulations set by the 
international community and help the industry to become more sustainable by 
lessening the negative impacts of chemicals 
 

(52) Proper handling and disposal of chemicals and chemical wastes. 
 

(53) be more responsible with the impact of every chemically developed materials to 
the environment. have higher standard for those who can largely produced that 
materials if necessary. 
 

(54) I expect them to be responsble when it comes to chemical management, specially 
those that pose hazards to people and the environement. 
 

Singapore (2) 
(55) Sharing the knowledge and know-how with the community; responsible use of 

resources 
 

(56) Sharing the knowledge and know-how with the community; responsible use of 
resources 
 

South Africa (1) 
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(57) It is important to consider the long term effects of chemical processes as well as 
their economic benefits. They should be helping through funding and awareness to 
rehabilitate environments previously affected by chemical waste. They should be 
supporting research into newer, greener processes and changing their own 
processes where necessary. Information on their waste production and waste 
disposal practices should be available to the public. 
 

Spain (1) 
(58) Find solutions for a sustainable future; be honest about the enviromental impact of 

current chemicals, and take responsybility for it; exchange information constantly 
with authorities and society; participate in educational activities related to chemistry 
and sustainability 
 

Switzerland (1) 
(59) The chemicals sectors should take the leading role in defining and implementing 

the regulations for sustainable development. This is particularly considering the 
expertise required for introducing and managing the corresponding policies. 
 

Taiwan (1) 
(60) A lot of chemical products change people's lifestyle. For example, plastic is one of 

them. Plastic products have many advantages, such as low-cost, durability and 
simple manufacturing etc.. However, those used products cause some 
environmental problems.  Hence, I expect that chemicals sector could be a 
producer and self-supervisor. Except controlling the pollution which was releasing 
from the factory, the company should also trace their product's consequence of 
pollution. 
 

USA (1) 
(61) It has a pivotal role, more than any other industry really. It is currently failing to 

meet the needs of society to live sustainably. 
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B) Answers to Question 2 “What kind of products and processes are 
needed to shape a sustainable future?” 
 
Argentina (1) 

(1) All products must be sustainable 
 

Austria (2) 
(2) measuring systems that do not consume a lot of chemicals, Systems which do not 

need much sample preparation.  
 

(3) To name only two: affordable fertilizers with no negative impact on the environment 
and sustainable clean energy for everyone 
 

Bangladesh (1) 
(4) Reduce of Hazard Compounds  

 
Belgium (3) 

(5) Processes that enable a quicker valorization of consumed products (e.g. by 
redirecting CO2 waste to be a valuable C1 source in organic synthesis). 
 

(6) (I don't really understand this question) 
 

(7) - Modular products, both in terms of interchangeable or replaceable parts, as well 
as products beings designed with recycling in mind. If you can't separate the 
different materials out of which a part is made, then this does not facilitate recycling. 
Obviously, this is not always a possibility. However, if it is an option then it should be 
mandatory. 
 

Brazil (1) 
(8) Less waste and solid residue.  

 
Canada (1) 

(9) Products with a predicted life cycle meaning that we know how to extract raw 
materials and to recycle complex ones so that we can reuse them. 
 

Ecuador (1) 
(10) Plants based materials, new solvents, mimic technology 

 
France (7) 

(11) sustainable materials for food packaging, building and energy-storage, highly 
efficient drugs 
 

(12) eco-responsible products 
 

(13) Maybe we can made some research on photo reaction, if we use the sun as 
reactant when we can do it, it will reduce the pollution. 
 

(14) Products issued from sustainable chemistry like electrochemistry, photochemistry, 
enzymatic reactions, magnetochemistry etc...  
 

(15) A huge campaign to promote the advances in the field of eco-chemistry to propose 
and invite every citizen to participate in the investment of this or this research 
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project, the development of this or this company. To tackle 3 problems at the same 
time : reposition the citizen at the center of the polical decisions and make everyone 
more responsible ; restore the name of Chemistry and enable this field to be more 
agile, efficient, and independant ;  and give hope to people (they need it). 
A world wide speech of the biggest chemistry companies leaders, where they 
recognize their responsability for the situation where we are in. Of course they are 
not the only ones, but this could be a huge step forward for starting a new era for 
Chemistry, this would encourge other fields to do the same while showing that the 
chemical one was the first one, and reconciliate the people with the chemistry 
compagnies.  
The purpose is to make all this before the citizen ask for it. Otherwise, all the benefit 
from these measures would go to waste. Not saying that eventhough these 
measures would bring benefits to the chemistry companies, the prior and ultimate 
goal is to protect what is still protectable of our environment, eco-systems, and 
living habits. 
 

(16) Recyclable 
 

(17) I would like to say all of them but I am convinced that daily products, such as food, 
hygiene or household products, cosmetics but also plastic bags and clothes have a 
huge impact on climate change. It's quite hard to change consumers habits and it 
takes a lot of time, but it is possible for the industries to reconsider their production 
patterns as well as the material employed and the formulation to propose a more 
sustainable product while conserving the main characteristics, such that the 
consumer couldn't feel any big change and gently move toward a more sustainable 
consumption pattern. 
 

Germany (16)  
(18) less non-recyclable items of everyday use, eg. packing materials 

 
(19) - Less plastic  

- More reuseable products (better ways to recycle products) 
 

(20) It is (mostly) not about the products, it is about their use, recycling, using 
renewable resources and especially about service. Tailor made chemicals and 
processes that involve them should be optimized to cyclic use and zero waste for 
the user, not for a high production volume. If chemical companies offer this service 
and accompanying machines and products in a contract the chemical industry can 
be sustained with less production, resources and waste. Chemical industry has to 
build up a big service sector. 
 

(21) Things that can be reduces, reused, recycled (sorry for the pun) 
 

(22) Difficult question! I would not only think of products but also services. Anyway it’s 
difficult to highlight specific products! 
 

(23) Sustainable packaging, vegan alternatives for animal products, reusable or 
recyclable products with low carbon footprint. 
 

(24) bio fuels from renewable resources, biodegradable plastics, carbon-based 
materials that can replace metals, e.g. in batteries and solar cells (as there is not 
enough Li in the world and producing clean Si wafers is very energy consuming) 
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(25) Energy efficient products based on renewable and divers resources 

 
(26) Recyclable and reusable products and green fuels 

 
(27) Products for a sustainable future need to be recycleable, biodegradable, and/or 

based on renewable feedstocks. 
 

(28) Solar cells with sufficient efficiency, materials for wind and thermal power, Power 
storage capacity (lithium air batteries, etc.), recycled plastics and rare earth metals, 
high performance and low energy consuming organic electronics, nano medical 
devices (e.g. sensors for blood pressure, etc.), broad availability of internet  
 

(29) Chiefly I believe that both the production of the product as well as the nature of the 
product need to be amenable to this sustainability (e.g. a Tesla isn't a great 
example, because it takes a lot non-renewable resources). Products that are 
biodegradable either naturally or via specialized synthetic biological communities 
(depending on the need for product persistence and resistance) would be better. 
The producers of such products could again be biological organisms or 
communities. The future is biological. 
 

(30) Clean and renewable energy 
 

(31) All kinds of products. Plastic, cosmetics, drugs etc. But we have to produce them 
sustainable! 
 

(32) Products that are made from renewable & easily recyclable materials using 
exclusively renewable energy in an efficient manner. Ideally, the product is CO2 
negative. 
 

(33) Renewable feedstock, large-scale availabililty and ideally even superior 
performances, non-toxic wherever possible. 
 

India (1) 
(34) Biobased renewable chemicals obtained from renewable carbon based resources 

can shape a sustainable future. 
 

Italy (2) 
(35) My background is mostly related to the field of plastics. In this regards we need i) a 

lot of work, ii) target a circular, zero-waste economy. Biobased materials, more 
durable but with triggered degradation. In addition, we need more energy efficient 
production methods (catalysts, flow reactors, high throughput, light or electricity 
triggered processses). This applies to practically all chemical industries not only 
plastics. To promote this obviously we need better systems of energy storage - 
particularly referring to the grid here, whether it is Li batteries or flow batteries or 
other technologies. 
 

(36) Compostable and reduced-impact packaging; reusable packaging and lower cost 
self-service dispensers of most commonly used chemicals directly in supermarkets; 
plant derived chemicals so that also cultivation promotes additional work and a 
globally greener environment; solar energy driven production processes and/or 
significant fraction of electricity coming from sustainable energy. If/when packaging 
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or the bulk material of products is not directly recyclable, companies should 
promote disposal of products into specific trash bins into supermarkets and malls so 
that it can be properly disposed of or they can be recylced for their same product 
line. 
 

Malaysia (1) 
(37) Biofuel  

 
Morocco (2) 

(38) green products 
 

(39) products that preserve safety and protect people and environment  
 

Nepal (1) 
(40) Time demand product  

 
Nigeria (2) 

(41) less pollutants 
 

(42) Benign products. That is products that are harmless, that can be reused and can 
be easily recycled. 
 

Philippines (12) 
(43) I believe we need environmentally-friendly raw materials that can produce/be 

useful for environmentally-friendly products such as packaging, batteries, etc. 
 

(44) Always have a goal to achieve sustainable future.  
 

(45) For me it is always important for the chemical sector to focus on efficient natural 
products. The synthesis of plant biomolecules to create products with less waste 
will go a long way. I personally think plant derived materials that act as an 
alternative to plastic materials will help create a more sustainable usage of these 
materials but chemical sector is still in need to find methods of low waste and low 
cost production of these products. 
 

(46) Innovations for the provision of basic needs. Like for example, water. There should 
be an improvised and affordable way to purify water from deep wells or any source 
to ensure that the water drank by the population is clean.  
 

(47) Products that will let us live with ease and advanced technology without many 
waste after using these ideal products.  
 

(48) Biodegradable products 
 

(49) Food products ang also in cosmetics 
 

(50) Cost effective; environmentally friendly; socially equitable; accesible by all 
 

(51) Cost efficient and eco friendly products 
 

(52) More environment friendly products and organic resources. 
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(53) more on recycled but with more possible used and of better function. 
 

(54) Biodegradable packaging and plastics 
 

Singapore (2) 
(55) Products that currently disposable to be made recyclable and reusable (e.g. paper 

product, food packaging). Products that can reduce carbon dioxide emissions.  
 

(56) Products that currently disposable to be made recyclable and reusable (e.g. paper 
product, food packaging). Products that can reduce carbon dioxide emissions.  
 

South Africa (1) 
(57) I haven't got anything new to add to this... Locally sourced products, 

biodegradeable, nontoxic etc. Products produced using a process that uses less 
electricity and water, is done at mild temperatures and pH and produces smaller 
volumes of waste is ideal.  
 
 

Spain (1) 
(58) green chemicals, chemicals easy to treat and recover 

 
Switzerland (1) 

(59) Products for sustainable future must be recyclable, biodegradable, and/or 
environmentally friendly. Moreover, appropriate measures must accompany their life 
cycle management. 
 

Taiwan (1) 
(60) As I mention in question one, maybe we don't have to shape a sustainable future 

by a new product. Maybe we need a system, similar to new drug test, to evaluate 
the toxicity of new product to environment and scheme a plan of recycle before 
company sell it.  
 

USA (1) 
(61) Ones that don't rely on limited resources, minimize human and environmental 

harm, and improve global equity.  
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C) Answers to Question 3 “What needs to be changed in chemical 
science and education?” 
 
Argentina (1) 

(1) The way to adress the general audience 
 

Austria (2) 
(2) Instead of competitive thinking, we should more work together. Create a higher 

awareness that we as scientists all have a responsibility and can have an influence 
through our actions. 
 

(3) Rethinking and turning upside down our system: Educate children to not choose the 
option which is only best for themselves, but what's best for everyone ('the whole 
world') 
 

Bangladesh (1) 
(4) More explore of Chemistry  

 
Belgium (3) 

(5) For example, in organic chemistry classes, it is Common to teach the Well 
established methods of retrosynthesis, e.g. using SOCl2 to generate acyl chlorides 
(or other phosgene derivatives) and then using these highly undesired acyl 
chlorides as starting Materials in a variety of reactions such as Amide formations. 
However, there are plenty of alternative synthetic route that one only learns about 
when doing your own research e.g' in a master's thesis. The impact of various 
spectroscopic methods or purification procedures is also never thoroughly 
explained. This is why the concept of sustainable chemistry should become a 
second nature to teach alongside the regular curriculum in all courses, not just in 
specific courses that only handle the concepts of sustainability. 
 

(6) Rather than only having pure theory, students should also more get the feeling with 
the industry. This can be achieved by performing company visits, stages, ... 
 

(7) My personal experience has thought me that chemical science and education is 
leaps ahead of the general population and giant leaps ahead of politics. If anything, 
chemical science and education should find a way to both find a better way to 
communicate towards politicians, as well as having (peaceful, non-disruptive) ways 
of putting more pressure on politics. Lastly, "it will not make a profit" should be 
regarded as an ill excuse for companies refusing to invest in sustainable processes 
and energy generation. As long as it will "not make an insurmountable loss", it 
should be something worth investing in. By now we have all realized that infinite 
growth is impossible, and as a result we should shift our focus towards doing to 
same with less - eliminating waste, decreasing energy consumption and avoiding 
overproduction without a loss of production or quality. Both economically and 
ecologically this is a win-win. 
 

Brazil (1) 
(8) Mindset.  

 
Canada (1) 

(9) Teach an stimulate that concept of recycling so that solutions can be found. 
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Ecuador (1) 
(10) Green chemistry as curriculum core 

 
France (7) 

(11) During the last decades a particular attention was given to sustainable 
managment, handling and disposal of chemicals. This aspect has tremendously 
increased the awarness among the students about the influence of chemical 
substances on the environment. The next step which is already ongoing, but needs 
more time to become commonly accepted and incorporated in the education is the 
consideration of the sustainable managment of resources and the full life-cycle of 
chemicals/materials/products on Earth. 
 

(12) We need to be more focus on our planet and its preservation. In my opinion, it is 
the main challenge of the 21th century.  
 

(13) We have to listen the scientist when they say something, nowaday we are not 
listening them we prefer to laugh and say "thats nothing" 
 

(14) We absolutely need to compare our organic chemistry past with the present : 
before we were doing like this, nowadays, there the improvements.  
 

(15) In my opinion, the biggest things to change are :  
The way chemistry is taught (a chemical reaction A, B, C, written on a paper, that 
we need to remember) to a much more playful point of view, using 3D modelisation 
software, on a detective-like questionning (for chemical analysis, organic synthesis 
reactivities, chemical risks on production plants,...). This would greatly improve the 
attractiveness of the field and the long-term memory and comprehension of 
complex notions by students. 
By whom the chemistry is taught. In my opinion there are still too many places and 
subject which are taught by teachers who are too old. The generation gap has of 
course an impact on how the lesson is presented, how the message the presentator 
wants to convey is received, and how much the student can find himself in his 
teacher. Knowledge is very important, but in our actual society where knowledge is 
available to everyone on internet, what the student really need are people with 
convictions and who are ahead of their time, to guide them. This measure would 
greatly benefit the chemistry compagnies, since it would first put students in contact 
with compagnies securing the working force, and since the student of today are the 
workers of tomorrow, this would dramatically improve their interest in innovative 
solutions, being a potential for companies. 
 

(16) A link with ecology and research 
 

(17) In France, green chemistry, sustainability, green design and other issues related to 
the environment are not really developed and I think it is necessary to include in our 
studies such courses, at the University level of course, but also before. Even if we 
are studying "physical/natural" sciences, I think sustainable economics, geopolitics, 
as well as the psychological and social dimensions of the climate change lack in our 
curriculum. It would be smarter to not put so much boundaries between "natural 
sciences" and "social sciences". 
 

Germany (16)  
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(18) Students have to be made aware of their role in creating a sustainable future as 
possible future leaders. 
 

(19) - Better and more science education in school 
- more open source science 
 

(20) It is absolutely mandatory to teach sustainability awareness. This should be treated 
the same way as lab safety, as both ultimately have the same goal: Secure a safe 
and healthy life. Every basic science study should at least involve one mandatory 
course on sustainability in their discipline. 
 

(21) There should be at least one semester on sustainable chemistry. The only thing I 
learned was to carry out atom efficient reactions which is more of a money factor 
than anything else. 
 

(22) Sustainable chemistry should be included from high school to university curriculum  
 

(23) Raise awareness for sustainability and sustainable chemistry. Teach sustainability 
strategies. 
 

(24) Take into account the prevention of waste way earlier when developing a new 
process. Teach students more about green chemistry. 
 

(25) The awareness of the topic must be increased and the finding of solutions should 
be promoted.  
 

(26) more recycling of solvents, solvent free conditions, less hazardous waste 
 

(27) Sustainability aspects need to be more promintent in education especially. At least 
in a basic (non-technical) chemistry degree, the aspects of technical chemistry and 
feedstocks can be limited to the basics.  
 

(28) More integrity of journals, more applied teaching in schools and perspectives 
towards modern technology and science (after still teaching the basics), more 
money for natural sciences and much more science spirit in politics since we don’t 
have that much resources in Europe. Becoming a chemist must be associated with 
good things, positive change and also being an attractive job.  
 

(29) Like all of academia, chemical science and education needs to embrace 
interdisciplinarity/ intersectionalism. While it is important that people have focus 
areas and to work on specifics, this unfortunately often leads to losing sight of 
bigger pictures. Also, I do not mean interdisciplinarity that many of us talk about, 
organic chemistry/ biochemistry/inorganic chemistry is the same after all. Surely we 
have specific ideas of the distinctions but truly it's all chemistry. Being a well-trained 
and well-rounded scientist includes being able to think about society, politics, 
economics and other implications.  
Everything in our world is connected, thus we cannot make the decision to just 
focus on science. If you don't want to believe me, take it from Alexander von 
Humboldt, arguably one of the most influential scientists, who was a champion of 
interdisciplinary thinking. 
One has to think about the implications of one's work. In the framework of chemistry 
community and sustainability, there is an unfortunate trend of green chemistry 
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becoming an empty buzzword. Just because we are changing from a terribly toxic 
solvent/catalyst to a less toxic solvent/catalyst does not really make that reaction 
"green". This is a product of being too involved in a specific niche and being unable 
to see better alternatives.  
It takes a lot of effort coming up with new ways of making a difficult reaction work in 
a truly "green" (biological) fashion, but clearly there is potential to make it possible. 
When chemists are more able to take on different hats, it will be easier to make 
changes to the research course.  
 

(30) Everyhting we must change the speech that we are giving to the yougest. If a 
group such as Friday's for future exist, it is because adults, teachers, politics, 
industrials are no more answering to the questions and the concerns of young 
people. 
 

(31) Having a closer look to the Environmental consequences of each process. 
 

(32) A greater emphasis needs to be put on avoiding toxic, carcinogenic and / or non-
recyclable ingredients and / or byproducts, recycling and energy efficiency. In 
education specifically, universities need to understand that their students are not all 
becoming researchers, but mostly go into the industry. Thus, students in chemical 
subjects need to be taught about the chemical & pharmaceutical industry during 
their studies, and an internship in a commercial enterprise should become 
mandatory. 
 

(33) More interdisciplinary collaboration. 
 

India (1) 
(34) Chemical science and education should be more practical and laboratory oriented. 

 
Italy (2) 

(35) More information is necessary. A panorama of the environmental problem and 
possible solutions should be given since the general chemistry class in the first 
year. But that is not enough: if we want people to stop seeing chemistry as an 
enemy, chemical education must start much earlier. 
 

(36) A much greater attention should be given to the subject. Universities and schools 
should offer a wider choice of degrees where sustainability is a significant fraction of 
the courses. They should promote job figures where this knowledge becomes 
useful in any company despite the final job role. Professors and teacher themselves 
should promote and make visible to the students that the courses themselves are 
taken and organized in sustainable education organization. 
 

Malaysia (1) 
(37) The teaching method  

 
Morocco (2) 

(38) behavior of chemists and sensibilization 
 

(39) Introduction of math and computer sciences  
 

Nepal (1) 
(40) Must practical on any sectors 
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Nigeria (2) 

(41) The awareness of the topic must be increased and the finding of solutions should 
be promoted.  
 

(42) The educational delivery can be changed. Fundings should be made available to 
countries without wherewithal to organize central laboratories that could be used to 
test run experiments and carry out researches. Teaching chemistry without 
adequate practical applications is quite discouraging. 
 

Philippines (12) 
(43) Green chemistry, renewable technologies, and similar topics should not be 

relegated to "special topics" but be given its own discussion, and be made a core 
part of chemistry curricula around the world. 
 

(44) Be more productive and creative interms of teaching so that young generations will 
easily adapt and understand the concept.  
 

(45) Chemical science and education has been an important concept for those children 
that we inspire to be one of our professionals. Chemistry has always been an 
intimidating subject to all people, it is best for our field to absorb the servant-
leadership approach in educating people with as efficiently as possible by delivering 
information to them in the language that they can understand. This intimidation 
should be changed to welcome aspirants that chemistry is a challenging yet 
enjoyable field. 
 

(46) What needs to change in the education system in chemical science is the way 
majority of the teachers teach their students. They should find a way to make the 
lesson more engaging to the students.  
 

(47) To make it simple and easy to understand. More on application so that many will 
be encourage to take a look and maybe pursue our field.  
 

(48) Added emphasis on the environmental factors of all activities and experiments 
 

(49) To deeply share more knowledge especially in science sectors. 
 

(50) For chemical education, changes in pedagogy, assessment and instructional 
materials. Modifications and innovations on these aspects may pave for better 
chemistry learning, increased chemistry appreciation and increased enrolment in 
chemical sciences 
 

(51) I think we need to educate more people on how to use and handle this chemicals 
to ensure that everyone understand its risk and also its benefits 
 

(52) Discipline and proper exercise of law in the field of chemical science. 
 

(53) in education we should be more supported to each other since we are actually few 
in population. we should really have ways to approach ordinary people about the 
importance of knowledge in chemicals 
 

(54) It should be enjoyable, not some hard subject most dread to take 
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Singapore (2) 

(55) Equip students with practical skills to apply in their daily lives and educate/engage 
the community.  
 

(56) Equip students with practical skills to apply in their daily lives and educate/engage 
the community.  
 

South Africa (1) 
(57) I think a lot of the teaching is old fashioned. As I mentioned previously, we could 

use video labs or games to teach lab processes. I have found myself that a well-
recorded and explained video lab prepared me much better than a confusing and 
tiring lab session with old reagents that often don't work properly. Students could 
watch videos or engage in virtual labwork and still write the same lab reports 
afterwards. I say this as a masters student who took second year chemistry and I 
did not feel the second year labs benefited me much at all.  
 

Spain (1) 
(58) increased consciousness about sustainability; educate on sustainable chemistry, 

e.g., treatment, recycling and prevention of chemical waste, impact of chemicals in 
environment and health, relevant legislation and regulations... 
 

Switzerland (1) 
(59) Chemical sciences must engage more actively and widely with the public 

education in the strive towards more sustainable future. Furthermore, the relevant 
environmental chemistry education should accompany the basic curriculum to 
ensure appropriate understanding and behavior for the new generation. In addition, 
educational programs for adults should also be introduced with respect to handling 
waste, recycling, and contributing to the sustainable management on the individual 
level in our direct communities and broader societies. 
 

Taiwan (1) 
(60) In my country, our education mainly focus on schoolwork. I think it is better to 

encourage student to join or comprehend some social issue and try to express their 
opinion. 
 

USA (1) 
(61) It needs to be taught from a sustainable lens and not have sustainability as an add-

on subdiscipline. 
 
 
  



 

S21 

 

D) Answers to Question 4 “How can politics and industry support the 
realization of the expectations of the younger generation?” 
 
Argentina (1) 

(1) Investing in Science (both research and education) 
 

Austria (2) 
(2) not focus too much on economy, but also on sustainability 

 
(3) no answer 

 
Bangladesh (1) 

(4) Need to more Research facilities.  
 

Belgium (3) 
(5) One option could be to provide specific funding for projects (e.g. PhD candidates) 

that consider an improvement for sustainable chemistry such as highly impactful 
Catalysis projects (photoredox), biomassa valorization,....  
 

(6) Let the younger chemists work more closely with the industry. This can be achieved 
by grants for the companies if they work together with young chemists. 
 

(7) Companies should not be allowed to make great PR promises without actually 
taking action. Success should not be defined in growth, but rather in *sustainable 
and ethical* growth. There is nothing successful about gaining market share or 
increasing profit if it is obtained through wasteful or polluting processes. There is 
nothing successful about avoiding a PR nightmare without actually fixing what went 
wrong. It shouldn't be enough to have people forget about an oil spill as long as it 
hasn't been cleaned up. 
Industry should limit overproduction, it is a loss for them and for the environment. 
Industry should be pushing politicians to guide them during this transition, and 
politicians should base their actions on fact, not on feelings and definitely not on 
'the opinion of the majority of our voters'. The time for debating climate change is 
long past. If we take action, the worst case scenario is that we make a better world 
for nothing. If we don't take action, the worst case scenario is a nightmare scenario. 
Furthermore, there should be a strong focus on decent education, worldwide. It 
might sound offensive to some, but an inadequately educated society can never fix 
the issues we currently face. The problem is not people denying climate change, 
blaming 5G for coronavirus or debatting the shape of the planet are not the 
problem. They are the symptom of a society which does not give their young the 
tools to discern between reliable information and blatant lies. 
Lastly, politicians who take feelings over facts - sometimes solely for the sake of 
getting more votes - should be held accountable. Being in a position where your 
decisions impact the lives of millions is not a position where ignorance or blatant 
denial is acceptable. If anything, it is politics rather than industry which is holding 
back progress. Many companies are outperforming the restrictions put in place by 
politicians, to the great enjoyment of those companies who would kill just to make 
an extra buck. Companies/Industry who do want to move forward should demand 
competent politicians. Politicians should support their campaigns with past 
accomplishments, not with promises which they might not even intend to fulfill. 
 

Brazil (1) 
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(8) More initiatives and grants to support sustainable projects.  
 

Canada (1) 
(9) By providing an environment and resources for that including contests, prizes, 

financial support through dedicated PhD theses etc... 
 

Ecuador (1) 
(10) Involvement in multidisciplinary science based projects 

 
France (7) 

(11) Include the younger generation in the decision-making process and consider the 
sustainable development goals when defining visio, mission and aims of the 
organisations 
 

(12) I think the politics and industry must do more than support this realisation, they 
must be an actor of it or even more the leader ! It is important that people 
understand that urges to act and that goes through their leaders.  
 

(13) Maybe by putting more money in the Ecology/Green Chemistry sectors to heal the 
research. 
 

(14) They need to have at least a degree in Science! And accept that researches are 
not only made for short-term and immediate money... But it is investment and long-
term 
 

(15) Oh God ! They have so much to do ! 
The pillar of everything is putting the citizen back to the center of the political space. 
Then, things can move on more efficiently and quickly. 
Then, establish a real policy against tax fraud ; nationalize compagnies which are 
vital to one's nation health ; prevent the relocation of companies abroad and 
strongly encourage relocation on one's territory ; and finaly make the political 
sphere support research in eco-chemistry field through financing tenders on such 
projects.  
One idea could also be not to put companies in competitions on a single tender, but 
to create mixed teams of workersfrom different compagnies for such project. This 
would create a more fertile research and work atmosphere in addition to make 
workers feel as part of something bigger.  
 

(16) No answer 
 

(17) Maybe by involving more young people in their decisions and reconsider the 
amount of money allowed to research and development in the environmental 
domain. Industries may initiate the change by doing advertising campaigns on 
sustainable products, and being engaged in the environmental cause, but not just 
because of economical aspects. I want brands and politics that are convinced of the 
necessity to rethink the current society, not just people who are looking for profit, 
that I can't trust. Governments can play a role in education, and redistribute the 
money allowed to the different sectors. Industries may open their doors to younger 
engineers, and listen to them and their convictions. 
 

Germany (16)  
(18) Create incentives for sustainable innovations, taxation of non-sustainable goods 
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(19) - support of more open source science 

- more strict guidlines of who can become a teacher 
- more financial support of scientific projects 
 

(20) Politics: Get more science advisors and use taxpayer money to promote 
sustainable solutions and sanction wasteful and non-sustainable behaviour to force 
the sector to evolve. Fund sustainable innovation projects and support their 
development e.g. with hackathons. Do this fast, we don't have much time. If it looks 
unmanageable, remember that things will get worse with every day that we wait. No 
groundbreaking change can be tackled without money, non will be employed 
without a proper leadership. Take the opportunity a long as we are still in control. 
Action always superseeds reaction when looking towards a crisis. 
Industry: Be prepared - Young scientists value sustainable strategies. If you want to 
recruit good talent, it is unevitable to fulfill the expectation to have a clear and 
achievable plan for the sustainable devolpment of your company e.g. a plan for 
carbon neutrality with milestones. Also, use these interests and expectations to your 
advantage and recruit more talents to help design and accomplish such a plan. 
 

(21) Learn to listen to researchers more. Which politics is doing a good job in the 
current crisis. They need to keep this up concering climate change and 
environmental pollution. Find a way to teach teenagers (high school) to be 
responsible. 
Maybe instead of just using penalties in industry (like CO2 prices), also use an 
award system for not polluting. 
 

(22) If politicians would not use SDGs as a political tool but take in recommendations 
from the Industry players and implement what needs to be done, the world will be 
sustainable in less than 10 years. 
 

(23) Take the young generation and future threat seriously. 
 

(24) Not only support research with money, but also support start ups with knowledge 
(how to bring new ideas to the market quickly).  
 

(25) Listen to facts rather than just opinions and address this as one of the most 
important topics of our time.  
 

(26) By imposing strict rules that everybody has to adhere to 
 

(27) The younger generation need funding (for outreach and science) and the 
opportunity to have their voices heard. On the other hand, workshops, educations 
and networking opportunities will help them make the impact that is needed. 
 

(28) Be more positive of science and support it from early on (pre school), invest in all 
the above listed while not making tons of debt (cutting money somewhere else or 
invest smarter not harder), keep pushing digitalization of Industry and especially 
schools and university. But also be realistic and be able to say no or set a realistic 
timeline (nuclear energy, coal, digitalization vs. privacy, etc.).  
 

(29) The answers given in question 1 are impossible to achieve without full support in 
the industry, as the industry is the biggest producer of chemicals and materials. 
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Making these changes is not easy, as the whole business model needs to 
completely overhauled. However, it is past time that true commitment to these 
changes occurs: that means that a majority of the money for developing these 
products needs to be put into development of the new technologies mentioned in 
Q1. The role of politics would be to ensure that this is done: a mix of incentives, 
regulation, grants etc. would need to be employed to get this done. Funding for both 
academic and industrial research here is crucial for the development of these 
technologies. 
 

(30) The must take ambitious decision. They must decrease the activity in some fields 
(transport, technology, data) and creat more jobs in crucial fields (food, energy, 
health, lowtech). 
 

(31) Combining the Environmental Pollution and the production by costs (e.g. CO2 
taxes but also higher taxes for micro plastic or not recycable products 
 

(32) Politics should quickly introduce and enforce a working bonus / malus system such 
as a functioning emission certificate trading to incentivise reduced emissions of 
green house gases, the switch to renewable energy sources & increased energy 
efficiency. Also, greenhouse gas customs should be raised on all products imported 
from outside the EU to protect the European chemical industry from foreign 
products with lower environmental standards, and avoid simply off-shoring CO2-
intensive processes rather than actually reducing emissions. 
 

(33) Producer of a chemical product is also responsible for its safe disposal and 
handling, CO2 tax, accouting for true costs (see Q1). 
 

India (1) 
(34) The younger generation knows about the current trends and industrial people are 

more experienced so only by exchange of thoughts and ideas, and converting those 
into actions to improve economy of nation helps in meeting the sustainable goals. 
And the industry, citizens and the country thereby meet their expections. 
 

Italy (2) 
(35) Green chemistry, innovations aimed at decarbonization and circularity must be part 

of their statements and missions. Words must be then followed by actions: 
incentives, subsidies, collaboration with universities and consortium/agencies, 
promotion of green chemistry related research, public communication of state-of-
the-art analysis and goals. 
 

(36) Politics should strongly de-tax companies which offer green product portfolios and 
conversion of product lines into greener ones. Industry should promote strong 
sustainability on marketing policies. 
 

Malaysia (1) 
(37) no answer 

 
Morocco (2) 

(38) encourage people to learn more and pay more attention about environment.  
 

Nepal (1) 
(39) Most hold and use the new generations ideas on the their feilds. 
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Nigeria (2) 

(40) i don't really like political associate 
 

(41) By creating opportunities for them. More opportunities that help better their total 
wellbeing. Colloborations between these two parties should be geared at helping 
young chemists prune their skills and be able to innovate. 
 

Philippines (12) 
(42) First of all, politics and industries must realise that they will benefit from a greener 

industry rather than holding on tight to the status quo. When they do so, then will 
they be willing to cooperate to go green. Also, more funding from the government 
and linkages with industries for green chemistry research. 
 

(43) Always think the welfare of young generations, always have a heart to serve and 
give them the voice to say what they want to help other young generations as well.  
 

(44) Politics and industry should believe more in science generally and in chemistry, 
there are nations like mine that treats science as a not so important part of society 
which needs to change since funding is affected, workmanship is affected and 
people are growing more and more distant to science- they only believe in science 
when they need  its service (ex: covid 19). Now for the youth it is important to 
encourage the government to hear our needs as chemists and as chemistry 
educators, we are in need of proper funding and proper recognition since a better 
environment creates an enriched learning and teaching environment. Sustainability 
in competency and environmental causes will come after the proponents are 
properly supported by the government and by the industry.  
 

(45) Show how important chemical sectors in every industry in maintaining the quality of 
the different products may it be basic needs or not.  
 

(46) By supporting research and development and allowing this sector to explore more. 
More exploration will lead to innovation and development of the community.  
 

(47) It would be better if politicians will make decisions based on our ideas and findings, 
not by their political or business interest at all. 
 

(48) They must give more support in times of research and produce environmental 
chemicals 
 

(49) Laws that extends role of chemistry; budget support for research and development 
on new products, processes and teaching materials; public-private collaboration; 
mechanisms to involve younger generation to solve problems in the community 
 

(50) By opening more seminars and workshops to help them decide and also to inform 
them the importance of chemical industry and its role in the society 
 

(51) By properly educating the young mind specially in chemical science. 
 

(52) the government and industry must take into account the impact of products to the 
environment. they should impose more tax and higher standard if necessary and as 
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much as possible have every industry and local government program for the 
environment so they can develop compassion for the environment 
 

(53) By passing laws fealing with such inportant issue to provide a wider reach on 
chemical education 
 

Singapore (2) 
(54) Nation wide effort (e.g. waste management / sorting of recyclables) 

 
(55) Nation wide effort (e.g. waste management / sorting of recyclables) 

 
South Africa (1) 

(56) We need to reduce the corruption and nepotism as this leads to deals between 
politicians and business people that benefit them but not the industry or society. We 
also need to change the short term desire for profits above sustainability. But in 
South Africa where the economy is so bad already, I don't know how we can 
manage this. 
 

Spain (1) 
(57) long-term politics, clear goals, sufficient funding, follow the experts' advice, take 

environmental problems seriously 
 

Switzerland (1) 
(58) Politics and industry could support the evaluation of the expectations of the 

younger generation by taking a leading role in the process of identifying and 
implementing regulations as well as defining the policies in close collaboration with 
the policy makers. Furthermore, they should be directly involved in transforming 
education to account for the latest developments in the industry to ensure a public 
action towards sustainable future! Politics and industry should use their voice and 
transform the initiatives into lasting programs while directly discussing their 
realization with the younger generation. As we are all part of the problem - we could 
collectively contribute to the solution! 
 

Taiwan (1) 
(59) In Taiwan and many other countries, government legislated a law for banning the 

free plastic bags in store several years ago. Moreover, Taiwanese government also 
forbid providing a free plastic straw in every shops. That makes some inconvenient, 
but people start to change their lifestyle. They prepare reusable bag and straws 
which made by glass or steels. I think it depicts a great example for how policy do 
the efforts to the environment. We just need to keep working on it. 
 

USA (1) 
(60) We should have more government funding towards sustainable jobs and 

sustainable training programs. There should be short certificate programs in 
specialized community-based needs that directly feed into industry jobs. Politicians 
should use scientists to write police and determine what is best, not rely on special 
interests or big corporations. Need to have agencies like the FDA able to approve 
new chemicals at much cheaper and easier costs so we can promote innovation. 
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Gender indicated by the participants. 
 
Argentina (1) 

(1) Male 
 

Austria (2) 
(2) Female 

 
(3) Female 

 
Bangladesh (1) 

(4) Male 
 

Belgium (3) 
(5) Male 

 
(6) Male 

 
(7) Male 

 
Brazil (1) 

(8) Female 
 

Canada (1) 
(9) Male 

 
Ecuador (1) 

(10) Male 
 

France (7) 
(11) Female 

 
(12) Female 

 
(13) Male 

 
(14) Male 

 
(15) Male 

 
(16) Male 

 
(17) Female 

 
Germany (16)  

(18) Male 
 

(19) Male 
 

(20) Male 
 

(21) Female 
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(22) Male 

 
(23) Male 

 
(24) Female 

 
(25) Female 

 
(26) Female 

 
(27) Male 

 
(28) Male 

 
(29) Male 

 
(30) Male 

 
(31) Male 

 
(32) Male 

 
(33) Male 

 
India (1) 

(34) Female 
 

Italy (2) 
(35) Female 

 
(36) Male 

 
Malaysia (1) 

(37) Male 
 

Morocco (2) 
(38) Female 

 
(39) Male 

 
Nepal (1) 

(40) Male 
 

Nigeria (2) 
(41) Male 

 
(42) Male 

 
Philippines (12) 

(43) Male 
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(44) Male 
 

(45) Male 
 

(46) Female 
 

(47) Female 
 

(48) Male 
 

(49) Female 
 

(50) Male 
 

(51) Male 
 

(52) Female 
 

(53) Female 
 

(54) Male 
 

Singapore (2) 
(55) Female 

 
(56) Female 

 
South Africa (1) 

(57) Female 
 

Spain (1) 
(58) Male 

 
Switzerland (1) 

(59) Female 
 

Taiwan (1) 
(60) Male 

 
USA (1) 

(61) Female 
 


