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About Climate-KIC
Climate-KIC is the EU’s largest public private partnership addressing climate change through
innovation to build a zero carbon economy. We address climate change across four priority
themes: urban areas, land use, production systems, climate metrics and finance. Education is at
the heart of these themes to inspire and empower the next generation of climate leaders. We run
programmes for students, start-ups and innovators across Europe via centres in major cities,
convening a community of the best people and organisations. Our approach starts with
improving the way people live in cities. Our focus on industry creates the products required for a
better living environment, and we look to optimise land use to produce the food people need.
Climate-KIC is supported by the European Institute of Innovation and Technology (EIT), a body of
the European Union.

http://www.climate-kic.org
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THE CLIMACTIO PROJECT
The EU chemical industry underpins virtually all sectors of the economy and accounts
of over €500bn or some 15% of global sales. How easy is it to measure the carbon
emissions of this significant sector? How standardised is the measurement of the
industry’s carbon footprint? To what degree is the sector prioritising corporate
environmental objectives?
Focusing on the experience of change makers in 11 medium sized chemical companies in
Germany these were the questions posed by an 18-month pilot project. The experience of these
change makers in working on climate change strategies and the diverse of set of related
problems they encountered forms the setting for this case study. It is directed mainly at
students and policy makers interested in understanding the real barriers companies faced when
implementing sustainability measures in an industrial chemical context. It highlights why
understanding, tracking and addressing business emissions is important. Learners will get
signposted to a variety of approaches for measuring Carbon Footprints, understand some key
barriers within companies and learn some of the options available to develop a corporate climate
change strategy and achieve sustainable development goals.
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THE WORLD AND EU MARKET
The chemical industry is one of the biggest industries in the world. In 2015, the world chemical
sales were €3,534 billion (The European Chemical Industry Council). Europe accounts for €519bn
or 15% of global sales. The sector in Europe directly employs 1.2 million people and has over
28,000 companies. Germany and France are the largest producers followed by Italy and the UK.
These four countries accounted for 61% (€319bn) of EU sales.
The chemical industry underpins virtually all sectors of the economy and is closely linked with its
downstream customers. The sector has a wide diversity of products, segments and end markets
and is capital-intensive in nature, reflecting the high degree of industrial processing. Major users
include the rubber and plastics sector, construction, pulp and paper, and the automotive industry.
Nearly two-thirds of EU chemicals are supplied to EU manufacturers or the construction sector.
Chemical and pharmaceutical products include soaps, cleaning supplies and scents, paints, dyes
and sealants, chemical fibres and polymers, pesticides, plant protection or germicides.
The German Market
The next chart shows Germany is the world‘s third largest chemical market, only China and USA
have greater revenues (Cefic, Facts and Figures 2016). It is the second largest exporter of
chemicals globally. To understand the chemical market in Germany today, it is helpful to look at
its initial development in the 1860s when the industry emerged from its origins in basic science.
New discoveries were frequent at this time which led to a variety of new formulas and products
being developed.
Chemicals fell roughly into two classes comprised of (a) heavy chemicals such as acid or soda
which were consumed by industry in enormous volumes, and (b) fine chemicals such as dyes and
drugs which were greater in variety and more complicated in structure, but consumed in much
smaller quantities. The German industry initially specialized in fine chemicals. These new hightech, high-value products such as novel dyes required sophisticated chemistry for their
formulation and skilled employees to subsequently market them.
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The emerging sector seized on the high demand for novel products, utilising its technical
capabilities to develop proprietary production processes. This is illustrated by the Haber-Bosch
process which produced synthetic ammonia and fertilizer after the Second World War. This
breakthrough has subsequently had a major impact on global farming and gardening. For the
core business of fine chemicals, firms at the time did not see the need for developing particularly
efficient production processes1. Whilst it is no longer as strongly associated with its scientific
roots, the chemical market in Germany has steadily expanded and matured. As a result,
companies over the last few decades have been putting more emphasis on optimizing processes
and introducing process innovation to the sector.
Global Trends
At the time of the project (2014) green issues were not the primary concerns of the participants
from the chemical sector. The sector was experiencing increased globalization as a consequence
of the growth in multi-national corporations, freer movements, and increased international trade.
Asia had also grown in significance as a world player. Products are either sold as intermediate or
ready-made products.

1

Second part of a talk presented at Eidgenossische Technische Hochschule, Zurich, January 21, 2003 by Sunny Y. Auyang
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The chemical sector was also being affected by cross-sector and inter-disciplinary innovation in
the fields of bio and nanotechnology. Alongside new developments in the sector there has been
a commensurate requirement for technical employee skills, development and training. There has
also been a shift towards more sustainable products over the last decade or so and a push
towards alternative and renewable energy sources. These are predicted to grow in significance
over the next decade.
Whilst EU chemicals sales have increased by more than 50% in 20 years, its world market share
has halved, down from 32.5% in 1996 to 15.1% in 2016 (see Cefic). China and other emerging
countries have shown strong growth in demand whereas it has slowed in North America – the
biggest EU market.
The global sales are generated in three main segments: chemical, pharmaceutical and chemicalpharmaceutical. Over half of EU sales are comprised of petrochemicals and specialty chemicals,
the latter including products for the industry, paints and inks, crop protection, dyes and pigments.
Polymers account for just over a fifth (see Chart, for the original chart see Cefic website).
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Assignment 1: Climate Change Strategy Commitment Pro’s and Con’s
30-60 Minutes.
Ideally in groups of 3-6,
a) please try to put yourselves into the roles of managing directors and appoint a facilitator.
b) Individually, using the information provided so far as well as the related reading provided in
the appendix, please write answers to the following questions on post-it notes:
i.

Why might a managing director of a chemical enterprise support a climate change
strategy? Write your reasons on blue post-its.

ii.

What might inhibit them to engage or commit in climate change strategies? Use red
post-it notes with just one reason for/against engagement on each note.

c) Then please summarise the key pro’s and con’s you perceive and stick them onto a flipchart. It is likely that answers will be repeated or that different opinions or new issues
emerge. Your facilitator will encourage a dynamic discussion and some group reflection.
The outcome of this step will be to produce a series of chaotic clouds illustrating the
reasons for and against commitment to climate change strategic development.
d) The next step is to define the substantive categories. Please identify a set of key areas or
reasons both for and against (pros and cons) to inform the subsequent activity – typically
between three and five areas each. Once the broad structure has been agreed it should be
illustrated visually and the pro and con post-its arranged into these areas.
e) A good way of finishing this assignment, time allowing, is to prioritize the pros and cons
within each area.
f) WRAPPING UP. Your facilitator will present a summary with the principal conclusions
extracted from the panel pro’s and con’s that the group has categorized and prioritized.
Please decide if you agree with the narrative or if you think that something is flawed and/or
information is missing.

The Project Setting - Sustainability in the chemical industry
The 18-month project aimed to support change makers in companies of the chemical industry in
measuring carbon emissions and developing corporate climate change strategies. Focusing on
11 medium-sized chemical businesses the project highlighted the challenges and barriers to the
application of these measures and considered strategies to overcome them. The participants
were typically technical experts drawn from sustainability divisions within these firms. The
project ran from May 2014 to November 2015 as a pilot project that was not continued.
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The programme adopted a project-based approach where the theoretical knowledge gained was
directly applied to a company-specific project. As part of the programme participants learned
how to calculate a carbon footprint (CF) and the steps to take to develop a corporate climate
change strategy. Participants also calculated either a Product Carbon Foot Print (PCF) or a
Company Carbon Footprint (CCF) for their own firm and applied new learning to their specific
context.
Rationale – Why Measure Carbon Footprints (CFs) in the Chemical Sector?
Over 50% of human induced emissions of Greenhouse Gases (GHGs), known as the anthropogenic
emissions, can be traced back to the global energy consumption including electricity, heat,
logistics and production processes. Other emission sources include agriculture, (destructive) land
use, and waste management. Over three quarters of emissions (77%) are comprised of carbon
dioxide (CO2) followed by methane (CH4) which accounts for 14 %. Businesses are responsible for
both direct and indirect2 GHG emissions. Furthermore 29% of GHGs come from industrial
emitters including 4.3% from the chemical industry. CF-reporting is an important part of
understanding, tracking and addressing business emissions.
What is Measured?
A Carbon Footprint is the sum of all GHGs emitted by the activities of a company (CCF) or during
the life-cycle of a product (PCF), typically over a year. The six “Kyoto-Gases“ (CO2, CH4, N2O, SF6,
HFCs, PCFs) + NF3 are measured. GHGs differ substantially in their Global Warming Potential
(GWP). For instance, one ton of methane is 21 times as damaging as one ton of carbon dioxide.
For comparative purposes gases are converted to their CO2-equivalents (CO2e). Of all six GHGs
from the Kyoto Protocol, CF comprises mainly CO2 though it is mandatory for all six gases to be
included in CF reporting. In terms of scope a CF measures the total GHG emissions caused
directly and indirectly by a person, organisation, event or product.
The GHG Protocol differentiates the following levels emission sources for CCF (see illustration):
•

Level One: includes direct emissions, for instance, from combustion processes, fuel
consumption., process emissions.

•

Level Two: comprises indirect emissions generated externally, for example, external
production of heat or electricity.

•

Level Three: consists of emissions from other sources such as business trips, upstream
emissions, paper, waste, etc.

The inclusion of levels one and two is mandatory whereas level three is optional.

2

Indirect GHG emissions are emissions that are a consequence of the activities of the reporting entity, but occur at sources owned
or controlled by another entity.
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Source: Taken from the Future Camp Climate Workshop-Unterlagen: 1. Einführung ins CO2-Footprinting//GHG Footprint
Introduction.

The Approach
The project team noted that there is no single universally accepted standard for CF. That said the
GHG protocol developed by the World Resource Institute Geneva is an acknowledged standard to
record GHG emissions. It was designed to help companies and other organizations to identify,
calculate, and report GHG emissions. More recently ISO 14067 specifies the principles,
requirements and guidelines for the quantification and communication of the carbon footprint of
a product (CFP). ISO typically use Life Cycle Assessment (LCA); a "cradle-to-grave" approach for
assessing industrial systems. This approach begins with the gathering of raw materials from the
earth to create the product and ends at the point when all materials are returned to the earth.
The team also reviewed other International PCF Standards including PAS 20503 used by
businesses to calculate the carbon footprint of their goods and service and those issued by DIN,
the German Institute for Standardization, an independent platform for standardization. DIN
standards take environmental protection into consideration. The WWF worked with the
Stockholm Environment Institute at the University of York and the University of Leeds to create a
carbon footprint calculator for individuals.
There are few lessons that were noted by the team in relation to the collection of emissions data:

3

Sinden, G. (2009): The contribution of PAS 2050 to the evolution of international greenhouse gas emission standards. In: The
International Journal of Life Cycle Assessment, Vol. 14, Issue 3.
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•

An emission factor is expressed at a GHG emission per unit e.g. tCO2e per kWh power
consumption.

•

The identification of emission factors often is the most critical part of data gathering.

•

The quality of the data needs to be consistent so that you are comparing ‘like with like’.

•

It is more accurate to take all GHGs into account (with CO2e) and not just CO2 emissions.

•

Direct emissions such as gas consumption are easier to observe than indirect sources.

•

Determining the period for which data should be collected is important.

•

Emission factors should be derived from up to date official, reliable and updated sources4.

Challenges and Lessons
The project team documented the process, methods and standards used in the calculation of a
Company Carbon Footprint (CCF). It also found several barriers that make CCF calculations
difficult or even impossible for medium-sized chemical businesses. It looked at how CCF results
can be applied in the real world and explored some of the strategies deployed to overcome
problems that emerged.
The barriers can be broadly categorised into:
1. Methodical difficulties related to CCF calculation.
2. Those related to company structure and culture including adversity to change and
organizational inertia.
3. Technical challenges in modifying chemical production processes towards sustainability
objectives and an overriding economic objective.
Looking at each in turn.
Methodological Difficulties
The incomparability of results makes effective CF a challenge. This is compounded by the
complexity of production lines and value chains in the chemical sector. One company claimed to
be a business-to-business producer at the relatively early stage of the value chain. They work
with raw materials and claimed that data for these was harder to identify and measure than, say,
energy usage.

4

Examples include Ecoinvent, GEMIS, Defra, EEIO (Environmentally extended input-output) tables, Probas (Datenbank des
Umweltbundesamtes und des Öko-Instituts), LCD Database EuCom (Datenbank des Joint Research Centers der EU KOM
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The variations between different datasets can make accurate interpretation of results a difficult
prospect. One respondent claimed that databases were too unspecific and/or focused on the
wrong part of the value chain. Another participant claimed that other factors were more relevant
than CF/PF analyses. The companies involved in the project setting also noted that information
from suppliers was sometimes absent. One firm noted that they were actively installing
recycling processes which had the potential to reduce their CF but thought that these may be
overlooked as they do not have to be included in the calculation anymore.
Another company representative claimed that PCF calculations were not feasible due to the
scarcity of data and felt that CCF was much more straightforward. He felt CCF emission factors
were easier to trace than those for PCF which thought to be too specific. At product level it was
noted that there was much more reliance on external intelligence rather than company level data.
Firms noted they could use CCF measures for benchmarking and to give them competitive edge
by demonstrating sustainability in their production process. One firm could measure transport
emissions and the CF of their insulation materials.
Company Structure and Culture
A genuine commitment went beyond simple reporting of CCF and required changing company
procedures. Firms interviewed would need to be convinced that such profound changes would
pay off financially. For many medium sized chemical companies participating in the project
setting, CF represented a notable shift in their corporate priorities. One comment was that “dayto-day business is more important than sustainability“. In other words, firms appeared to be
more concerned with ‘the here and now’ than long term challenges.
It was also found that corporate hierarchies could inhibit change. In the case of foreign owned
companies, the culture of a parent company could also conflict with those of its subsidiary. This
was illustrated well by a participant from the global additives and instruments division of an
international group. Here the subsidiary, at the time of case study, had a parent company with
ambitious sustainability goals. The parent required a Level One and Two emissions assessment
to inform a CCF calculation. However, the subsidiary considered the assessment of such data
unrealistic. They took the process to be ‘interference’ and required a feasibility study to be
undertaken prior to any such assessments being carried out.
One of the project participants was a market leading maker of COC (cyclic olefin copolymer), a
glass-clear and pure plastic for healthcare, optics, packaging, and electronics applications. They
were owned by a Far Eastern parent company that develops, designs and manufactures medical
instruments whose key concern was energy. The parent company were less concerned with
sustainability and did not have strong objectives, policies or requirements in this area. That said,
they did influence the organisation’s working culture in terms of offering a familial environment
and promoting continuous improvement.
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Another organizational barrier that arose was communication within corporate hierarchies. In
some cases, communication between top and middle management hampered communication
and the implementation of CF assessment goals. In other cases, communication with the shop
floor was an important consideration. As a result, one firm expressed their CO2 footprint in terms
of tonnage per project. This was thought to make it easier to communicate to employees and to
facilitate co-operation with the leadership team at their division, as it had been noted that
communication with middle management had sometimes been difficult. It also allowed the
overall company sustainability goals to be understood; including its ‘Together for Sustainability’
initiative which involved accompanying emissions audits.
Economic and Technical Challenges
Introducing changes to a finely tuned production line that was highly regulated was fraught with
difficulties that could lead to technical, economic, legal, and other risks. This could also lead to
technical inertia. The companies cited highlighted the complexity of production lines, as well as
the practical challenges of being dependent on other actors in the value chain both vertically and
horizontally.
At one firm, CF reduction would have been feasible by reducing energy consumption. But the
company purchased electricity through a subsidiary, so a reduction would effectively reduce their
own group sales. At the time of the project the firm was under some price pressures too. Only
economically viable environmental projects were undertaken. One project involved co-operation
between companies to exploit waste products, waste heat or gas extracted from sludge. Some
of the firm’s plants were required to engage in emissions trading based on emissions allowances.
Although their emissions allowance was diminishing, the group was not concerned due to their
strong financial position at the time (that is, they were happy to pay for emissions).
One of the participants prioritised procurement, security and quality to ensure their firm had an
economically viable and technically reliable production line. Sustainability was much further
down their priority list. It would appear that financial and technical stability overrode
environmental considerations. “Up to which point can I move towards sustainability without
risking my economics?” noted the firms’ interviewee. Put simply their daily business took
primacy over sustainability concerns.
In one instance, a firm claimed they could achieve lower emissions through the use of green
energy, but they would have found this expensive as it was a very energy intensive company.
That said, the firm used ISO 50001 for the purposes of energy management and set their own
goals. They were aiming for a 10% reduction over 10 years.

Conclusion
In conclusion, the case study shows that different perspectives in a business highlight diverse
methodical, technical, organizational, and economic barriers. The most severe barriers appear to
be methodological ones due to highly complex supply and production chains as well as techno13
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economic ones pointing to the assumption that in highly competitive technological industries any
interference with the technicalities of production has a direct impact on the bottom line. Besides
these rather straightforward barriers, however, the inertia of organizational culture must not be
underestimated: Although they may appear subtler and less effective, they may be more
resistant to change and therefore have a longer lasting impact than anything else.
Analyzing and understanding these barriers can lead to ways to overcome them. An individual
environmental strategy apparently needs a specific analysis of the possibilities and barriers in an
enterprise.
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Assignment 2: CF Pentagonal Problem
30-45 Minutes
In groups of ideally 3-6 people,
a) Please try to put yourselves into the roles of managing directors of one of the SMEs in
this case study and appoint a group facilitator.
b) Based on the information provided in the text as well as the related readings provided in
the appendix, please write answers to the following question on post-it notes:

c) What problems could arise when trying to figure out the CF of a chemical enterprise?
d) Please explain the problems you have identified to your group and start sticking them on a
flip chart or poster.
e) Please cluster and organise the issues and problems you have identified, framing them in
the format of a Pentagonal Problem (see illustration).5
f) The facilitator will stimulate a discussion based on his/her summary of the principal
conclusions from the group’s Pentagonal Problem. The aim is to digest and
refine/improve the suggestions, so that all group members are on board and agree with
the narrative created.

5

https://learning.climatekic.org/index.php?option=com_pathway&task=launchLesson&lessontrack=1&lId=333&tmpl=component&Itemid=1072
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Assignment 3: Corporate Environmental Impact Pentagonal Problem
40-60 Minutes
In groups of ideally 3-6 people,
a) Please try to put yourselves into the roles of managing directors of one of the SMEs in
this case study and appoint a group facilitator;
b) Based (in addition to the information provided), please write answers to the following
question on post-its:

c) Can you think of pollution and waste factors other than CO2 emissions that a business
generates and that should be taken into account as well?
d) Please explain the environmental impacts you have identified to your group and start
sticking them on a flip chart or poster.
e) Please cluster and organise the issues and problems you have identified, framing them in
the format of a Pentagonal Problem.6
f) WRAPPING UP. The facilitator will present a summary of the principal conclusions from
the findings that the group has categorized and prioritized. The participants will have to
decide if they agree with the narrative or if they think that some information is missing, or
refinements are required.

6

https://learning.climatekic.org/index.php?option=com_pathway&task=launchLesson&lessontrack=1&lId=333&tmpl=component&Itemid=1072
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Assignment 4: Backcasting for an Emission Reduction Strategy
120-180 Minutes
In groups of ideally 3-6 people,
a) Please try to put yourselves into the roles of managing directors of one of the SMEs in
this case study and appoint a group facilitator;
b) please undertake a company analysis as described in the related readings in the appendix
to develop goals and objectives concerning the CF and the environmental impact of the
SMEs within this case study;
c) Based on your company analysis, please use backcasting tools, such as the Cover Story7
method.
d) What steps would you take to develop a strategy for emission reduction in a corporate
context?
e) Please identify the top three goals/objectives using e.g. the Future Radars8 method.

7

https://learning.climatekic.org/index.php?option=com_pathway&task=launchLesson&lessontrack=1&lId=367&tmpl=component&Itemid=1072
8 https://learning.climatekic.org/index.php?option=com_pathway&task=launchLesson&lessontrack=1&lId=372&tmpl=component&Itemid=1072
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Appendix 1: Related Readings
Assignment 1
Esty, D.C. and Simmons, P.J. (2011): The Green to Gold Business Playbook. Hoboken: Wiley.
[particularly Part 3 pp. 59-110]
Silvestri, L. and Gulati, R. (2015): From Periphery to the Core. In: Henderson, R., Gulati, R. and
Tushman, M. (Eds.): Leading Sustainable Change – An Organizational Perspective (2015).
Oxford: Oxford University Press.
Further Readings (German):
Richter, S.: Nachhaltigkeit und Innovation im Chemiesektor – Welche Rollen nehmen Staat,
Wissenschaft, Industrie und Verbände ein? (2008)
Anastas, P.: Green Chemistry → 12 Prinzipien für ein integriertes Konzept einer Nachhaltigen
Chemie → Status Quo der Chemieindustrie
Chemie³ Fortschrittsbericht 2015 – Eine Nachhaltigkeitsinitiative der deutschen Chemie
→ Chemie in Zahlen (ökonomische/soziale/ökologische Kennzahlen)
→ 12 Leitlinien auf einen Blick
Utikal, H.: Transformation als Überlebensfrage

Assignment 2
De Vicente Lopez, J. and Matti, C. (2016): Visual toolbox for system innovation. A resource
book for practitioners to map, analyse and facilitate sustainability transitions.
Transitions Hub Series. Brussels: Climate-KIC.
Esty, D.C. and Simmons, P.J. (2011): The Green to Gold Business Playbook. Hoboken: Wiley.
[particularly Part 3 pp. 59-110]
Silvestri, L. and Gulati, R. (2015): From Periphery to the Core. In: Henderson, R., Gulati, R. and
Tushman, M. (Eds.): Leading Sustainable Change – An Organizational Perspective (2015).
Oxford: Oxford University Press.

Assignment 3
De Vicente Lopez, J. and Matti, C. (2016): Visual toolbox for system innovation. A resource
book for practitioners to map, analyse and facilitate sustainability transitions.
Transitions Hub Series. Brussels: Climate-KIC.
Esty, D.C. and Simmons, P.J. (2011): The Green to Gold Business Playbook. Hoboken: Wiley.
[particularly Part 4 pp. 123-297]
Silvestri, L. and Gulati, R. (2015): From Periphery to the Core. In: Henderson, R., Gulati, R. and
Tushman, M. (Eds.): Leading Sustainable Change – An Organizational Perspective (2015).
Oxford: Oxford University Press.
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Assignment 4
De Vicente Lopez, J. and Matti, C. (2016): Visual toolbox for system innovation. A resource
book for practitioners to map, analyse and facilitate sustainability transitions.
Transitions Hub Series. Brussels: Climate-KIC.
Esty, D.C. and Simmons, P.J. (2011): The Green to Gold Business Playbook, pp. 59-110.
Hoboken: Wiley. [particularly Part 4 pp. 123-297]
Silvestri, L. and Gulati, R. (2015): From Periphery to the Core. In: Henderson, R., Gulati, R. and
Tushman, M. (Eds.): Leading Sustainable Change – An Organizational Perspective (2015).
Oxford: Oxford University
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