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Prof. Klaus Kiimmerer

Klaus Kiimmerer is Director of the Institute of Sustainable and Environmental
Chemistry and holds the chair of Sustainable Chemistry and Material Resources
at the public Leuphana University Lineburg (Germany). He is Director
Research and Education of the International Sustainable Chemistry
Collaborative Centre (1SC3) in Bonn (Germany) too.

His research and teaching is focused on Sustainable Chemistry, Sustainable
Pharmacy, Material Resources, Aquatic Environmental Chemistry, and Time in
Environmental and Sustainability Research. He received national and
international awards for his interdisciplinary work. Klaus Kiimmerer serves and
served in national committees (e.g. German Research Council’s Senate
Commission for Water Research, Board of the Division of Sustainable
Chemistry of German Chemical Society) and international ones including Global
Chemical Outlook by UNEP, the EU Technology Platform SusChem Europe and
IUPAC Interdivisional Committee on Green Chemistry for Sustainable
Development (ICGCSD).

Prof. Kimmerer is advising international organisations such as UNEP and WHO
and companies. He is also scientific chair and co-organizer of the annual

L interdisciplinary Green and Sustainable Chemistry Conference and the annual
; Summer School on Sustainable Chemistry in International Cooperation. He is
founding editor and editor-in-chief of Sustainable Chemistry and Pharmacy,
and Current Opinion in Sustainable Chemistry journals as well as associate
editor of Chemosphere and Environmental Pollution. He published extensively
in international scientific peer reviewed journals and co-edited more than 10
scientific books.
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ICC in cooperation with Internatlonal Union of Pure
“and Applied Chemistry (IUPAC) organised a Talk
by Prof. Klaus Kiimmerer on “From Green

Chemistry to Chemistry in a Circular Economy to
 Sustainable Chemistry” on 18 January 2021.
\ Detailed report on the Talk was published in the
“ | February issue of CHEMICAL NEWS. Now we
' have pleasure to reproduce the presentation made by
' Prof, Kiimmerer for the benefit of our readers.

From
Green Chemistry
To Chemistry in a Circular Economy
To Chemistry for Sustainability

Prof. Dr. Klaus Kiimmerer
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Green Chemistry “Solar Chemistry”

i Focus on Phatochemistry and Photo catalysis
1 and + Organic Photo vollaics and Dye-Sensitized Solar
| proponlas of Cells
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‘, SonmIoals + Light-driven Mechanisms
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! CO, as a Resource

Synthesis with Less Waste & Less Energy
(Mirco)flow Chemistry

carbon dioxide (€O} sunlight Water (H,0)
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+ Less safety issues
+ Less waste

+ In sltu genaration and
reaction of hazardous
reactants

= More flexibility

Also in combination with electro chemistry and photo chemistry

Chamistry. Research8 .. =
A & Faoiioee K. Kimmerer Bducstion =<

13
LEUPHA]

EHEMICAL NEWS IAPRIL 2021 I45




-—-—————-————-—-——‘1

A Framework for Chemistry A Framework for Chemistry
for Greener Synthesis and Processes for Greener Synthesis and Processes
Normative Focus on — Non Normative Focus on The 12 Princiles of Gresn Chasmitry
Framework greener g e bormafiva, | Framework greener fRr e i)
: synthesis and ! i synthesis and
proparties of ' properties of
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ynthesis h
Properties \
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Less energy | 11 me T Anai for foltrion ! + Less energy
Less hazard PR * Less hazard
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Greener s better renewable Human Value | 1 Greener is better renewable
resources Proposition | resources
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Increasingly Complex Products - Textiles Increase in Volume and Complexity (Plastics and Plastification)
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Trends: Trend:
Communication, Digitalization, ... - Electronification Increasingly Complex Products — Cars (Plastics, Electronics)
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« Buildings (lightning, smart homes elc.) braking, seat position control, valve timing, Interior lighting windshield wiper control, speed corteal
* Sensors distance conlrol battery management, and many, marny more)
=~ Increasingly often: electric motor!
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Design for Cirularity and the Role

of Chemlsts Integrating Chemistry into a Circular Economy
K. Kimmerer, J. Clark. V. Zuin, Sclence, 367 369-370
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‘overall (both number and quanbity). * Awold rebound effects (o g Using . s unit
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Challenges: Challenges:
Recycling Depends on Collection Rates Recycling Depends on Collection Rates
1. Collection 30% 1. Collection 95% 30%
2. Disassembling 90% 2. Disassembling 95% 90%
3. Processing 60% 3. Processing 95% 60%
4. Chemistry 95% 4. Chemistry 95% 95%

| Total: 0.30x0.90x0.90x0.95 - 20% |

Total: 0.95 x 0.95 x 0.95 x 0.95 2> B1%
Total: 0.30 x 0.90 x 0.90 x 0.95 2> 20%
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Challenges: Measures at the Source-Molecules

Recycling Depends on Collection Rates

Targeted Design for Environmental Mineralization

1. Collection 95% 30%
2. Disassembling 95% 90%
3. Processing 95% 60%
4. Chemistry 95% 95%

Total: 0.95 x 0.95 x 0.95 x 0.95 -2 81%
Total: 0.30 x 0.90 x 0.90 x 0.95 2> 20%
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L Re Dosigning of Fxisting Pharmaceuticals for Envirenmental
Biodegradability: A Tiered Approach with f-Blocker Propranclol as
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Praey I Antibiotics:
Green Chemistry Twa patents

(WO2019072905A1, WO2018072907A1),
publication in preparation

LB A Cherisiy K. Kimmerer Bassurchi 10y,

© Sustainabla Chemistry isc.
l.:ulun\nu\ & Resources K. Rommerer Education
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; ‘ There is no Endless Recycling!
‘ (Interim Conclusion)

Thermodynamics
3 laws

| * Unavoldable losses
f * Quantity
[l * Quality

Need of energy ->see Thermodynamics
- Increase of entropy! ->see Thermodynamics

| - Pollutants!
- Not all chemicals and products can be circulated!

1. You cannot win, you can only end up in a draw
2. You can only end up in a draw at perfect conditions
3. You will never reach perfect conditions

Summarizing:

We cannnot win, we can only try to loose as little as

possible
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New Thinking:
f H Sustainability, Chemistry and the
What Is Sustainable Chemistry? Rols of Eherit

igpare they forroad »
Editorial

Sustainable Chemistry: A Future Guiding Principle
Prof. Dr, Klaus KOommerer ()

B Chon bt Pt 217,50 44430 11
Not a “state”

Not just optimization of individual chemical products, instead functionality and service

Apply identified
alternative

eg.

+ Altemative technology
* Alternative construction,
+ Alternative design,

* Information,
Not i now discipline, instend across all sub disciplines of chamistry + Training
I Golng beyond chemistry (sclence, industry) including application, ethics ete. Lo
Ei A b by craraciorislion s Pips e 46 rglonuboutued's ol neble-charmisley bk -
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Packaging ?

Simple Example: Different Technology

No metal staples needed,

Instead punched paper
from the sheals

Mugch easler to untie:
no special toal needed,
no metal wasted

Reswarch &
Education

T Sustainabls Chemisiry

LEUPHMANA & Rasources K. Kdmmerer

Function
Biocides in Fagades vs. Wise Design

Wael fagades suffer under growth of algae and fungl
Application of a fungicide/biocide results in infroduction of theses compounds
into surface water and potable water reservoirs (Hensen et al., Water Research
144 (2018) 413-423
Batter/alterative approach:

= Information and Education of archilects, investors, craftsman

= Suflable construction (noteduced access of watar) '

Prudent mnnfnmlbn-no need for a fungicide:
Facade Is dry or can dry immedialely and Is resistant to fungi and algae

Sustainabia Chamistry
LEUPMANA s Rocources
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Use patterns (DDD per 1000 people) 2= Chemical Leasing

Antibiotics 2011(only reimbursed share) A service-oriented business model that shifts the focus
D00 per day par 1000 population S +from increasing tha m‘ . [I Lé
i sales volume of by o re——
chemicals ($/kg) "&"u':'}a:'r.'c“n:n'.',"

«towards a value-
added approach
($/functional unit)

cheira
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New Thinking: : ' .
Sisiningbllity Cheminkry and e Conventional and Green Chemistry vs. Sustainable
Role of Chemists Chemistry

« Old Model: Tonnage
Product for value creation-supply driven

= New Model: Service
Service/functionality/performance for value creation

- demand driven

R T T
Surstainabla Chemisiry L‘u-“skm#nm: chm’:.r! K. Kammerst :;l"bl:.l 1ok

o
LEURMANA 4 Resources Education

Conventional and Green Chemistry vs, Sustainable

Chemistry

« Old Model: Tonnage A smart person solves a

Product for value creation-supply driven problem.
* New Model: Service A wise person avoids it.

Service/functionality/performance for value creation

S ici— Aftributed to Albert Einstein
¥ Sustainable Chamisiry K. Kommersr Research & . F: Systainabla Chamistry K. KOmmerst Research&
LEUPMANA 4 Rssources Education LEUPMANA 4 Resources Education
The nowadays' perception The Basis of All

Economic Systam

Economic System Planet Earth

Rl K. Kamaveres Bevsarch & yrak. e R ey K Kamerer
' Chemistry involved: § ® !
14 out of 17; LEUPHANA
— ECOROMIC Systar e e T 29 Targets '

Planet Earth

T Chamis >
L_u,:,,?,\f','.!,'."":w';‘: K. Kammarer
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Lineburg, Germany
(50 km South of Hamburg)

@S

Orlantad on Innovation & Suaullnahlllty

Issues Instead Gubjoeh
4 Sd-rmﬂc '[t{aﬁm Economy, Education, Cultural Sludies, Sustainability
10 000 Students, College, Graduate School, Professional School
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Faculty of Sustainability Capacity Building
i ion stainabilit Sustainable Chemistry and Pharmacy is an
Sustainable Transformation to Su aplly interdisciplinary and transdisciplinary journal. It
publishes research that Is related to chemistry or
s " PRI . pharmacy on the one hand and sustainability on the
+ Interdisciplinarity — Transdisciplinarity afiar,
* Soclal basis of society FirstImpact Factor  in 2019: 2.4
(learning // management // governance) in 2020 3.3
in 2021: > 4,2 (expected)
+ Physical basis of society
(biotic // abiotic) -> Chemistry Edior-nChisf s Founting Edior
Klaus Kummerer
journals elsevier. it inable-chemistry ph ¥
o T N - L] o Yol
Capacity Building
Upcoming events and activities:

Evaluations of the most interesting papers, annctated by
exparts, from the groal waalth of anginal pubications.

Green sustainable
Che

Brial and Umely roview oricles (= 10 pages)

e

5" Green and Sustainable Chemistry

Conference
First Impact Factor in 2020: 5.2
in 2021: > 7 (expected Online format
Editar-in-Chia and Founding Editar: Klaus Kimmarer Co.-
Edftor: Zhimin Ly, Chinese Academy of Science
" slsavier pinion-ing d hemisiry
X Sus Research
R 1l K Tt i P 1, e f— B ®
School on § Ci y for St ble Development

Next: July 2021 (Bloresources)

2 - Year Curriculum (90 ECTS)

Garman and European Accreditation

[,

6th S School on
Chemistry for Sustainable ‘ e 1§
Development: 21.08.20 - 25.09.20 = § Small Format
o | esenationst Reutations| | b simes Mt and Project Work Chersistry, Sustainabity Certificates
Sustainable Chemistry n._,.:._,.., gt 55 9 e 300 (20 ECTS)
* Benign by Design
and Water po— ; + Sustainable
2 Resign by Dosign and Nesewable tomrgy | | aed Circutar Ecovoery Asserument Chemistry and
Regulatory Affairs
hitps:/iwww.leuphana.delen/ I | -
institutes/isec/summer-school- o [ comcerts et smstnabi || gtmamenta Toukologyand | | Modeling of Chemical j
inat 1 ) Chamietry | Chemistry Trstoaisclogy Propertios and bate
| school-2020.html T T E— )
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PROFESSIONAL MASTER IN SUSTAINABLE CHEMISTRY (M.SC.)
M.Sc. Sustainable Chemistry Cosm St S i)
- Unique extra expert di wary training
- 26/27 June 2020: On-Line Information Day
Target Group: - 4 Decembar 2020: On-Line Information Day Lisa KoBler, MSc, Programme Coordinator
31 January: Application deadlina Brof. Kiaus K B
n Chemis ted Fiel March 2021: start next cohort rof. Kiaus Kimmerer, Programme Director
International Professionals with a University Degree | mistry (or Relal Id) i Laupiand ol St
VW, inabls v Universititsalioa 1
International Teaching staff (academia, authorities, industry) 21335 Lineburg
GERMANY
Phone 0049 - 41316774110
Mode of Study: Madl lisa kasslor@louphara. do
scham@leuphana.de
Mostly Online {Moodle for Remote Learning, Zoom for Live Sessions) I
Y
3 Onsite atl wwwi louphana. Ml
] Ko B 1% L AR oo st
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