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Innovation: The evolution 
of chemical R&D



N

O
O

N

H
H S CH3

CH3

COOH

N
H

N
H

O

O

O

O

O

OH

Penicillin

Haber-Bosch processH
2 + N

2 -> NH
3

Chemical industry R&D is changing significantly. Its perspective is increasingly shorter term, 
and it is moving closer to customers and growth regions. Companies are collaborating 
more and with a variety of partners to share cost and risk and quicken development. R&D 
is increasingly seen as a cost to be reduced and no longer a long-term investment leading 
to growth opportunities.

The evolution of chemical R&D

Innovation
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Over the years, the chemical industry has 
been responsible for discoveries and in-
ventions that immediately and lastingly 

affected the lives of millions of people wheth-
er by preventing or mitigating pestilence and 
disease through access to clean water or help-
ing people around the globe communicate 
and share knowledge via personal computers, 
smartphones, and other devices. Chemicals 
touch over 96% of all manufactured goods, ac-

cording to ACC. “This prolific era [of chemical 
invention] is over,” says George Whitesides, 
professor of chemistry at Harvard University. 
“Chemical research is now, more than ever, 
driven by the issue of how to secure the nat-
ural foundations of life for a growing world 
population,” says Andreas Kreimeyer, former 
executive director/R&D at BASF.

The list of substances resulting from chemi-
cal innovation is legion. Products include a 

wide variety of plastics; LCDs and organic 
LEDs; penicillin, the first antibiotic; aspirin 
for pain relief; the contraceptive pill; syn-
thetic indigo, providing for blue denims; dy-
namite, rendering the use of explosives safer; 
and the Haber-Bosch process for producing 
ammonia to help produce the food to feed a 
growing population. 

Industry leaders are convinced that the in-
dustry will continue to innovate to the advan-
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tage of the world. “Chemistry is the world’s 
toolbox,” says Andrew Liveris, chairman and 
CEO of Dow Chemical. “It is the creative, con-
structive act of seeing the period 
table as a palette of combining and 
recombining its elements to paint 
a brighter, better future,” Liveris 
says. “The chemical industry will 
continue to drive innovation [to] 
act as an enabler for its customers,” 
says Kurt Bock, chairman of the ex-
ecutive board/BASF.

Chemical companies continue 
to invest in R&D to invent; devel-
op and commercialize new prod-
ucts; adapt existing products to 
new markets; improve processes 
for existing products; and develop new ways 
to make existing products that are cleaner, 
cheaper, faster, or use less energy. For more 
basic chemical companies, the driver has gen-
erally been to reduce cost and have the lowest 
cost to serve, so the research would look at im-
proving processes or new processes. For more 
specialty chemical companies, the emphasis 
was on developing completely new products, 
generally new molecular entities, or devel-
oping existing products for new markets. An 
example of this would be the pharmaceutical 
industry with the development of active in-
gredients and the pesticides industry seeking 
chemicals to tackle pests.

But the world is not static, and innovation 
is not immune to change. The chemical indus-
try’s innovation focus has shifted during the 
last few decades from individual molecules 
toward materials, function, and more com-
plex systems. As the pharmaceutical industry 
is acutely aware, making novel molecules that 
function as wanted is increasingly difficult. 
“Today more than ever, the emphasis is on in-
telligent chemistry in the form of holistic sys-
tems designed to find solutions along the val-
ue chain, to secure water and energy supply, 
and to maintain the quality of life,” Kreimey-
er says. In the 1970s, research still focused on 
developing single molecules. Today, chemical 
innovation has moved down the value chain, 
with the focus of value creation increasingly 
aimed at functional materials. “We see a gen-
eral trend away from selling chemicals toward 
selling chemical solutions,” says Michael 
Schelhaas, head/innovation project, produc-
tion, technology, safety, and environment at 
Lanxess. “Chemistry must expand its mission 
from molecules to everything that involves 
molecules,” Whitesides says.

The chemical industry is also being pushed 

to address the challenges posed by the need to 
reduce emissions of greenhouse gases to miti-
gate global warming; feed a population that 

is projected to reach 9 billion by 
2050; increase the use of energy 
made from renewable resources, 
such as wind, solar, and photvolta-
ics and reduce the consumption of 
fossil fuels; and become more sus-
tainable and a central part of the 
circular economy.

The focus of R&D is changing, 
moving away from larger, central-
ized institutions, like DuPont’s 
fabled research center in Wilm-
ington, DE, where so many new 
products, such as nylon, rayon, 

and teflon, were invented, to smaller centers 
that are more geographically dispersed, closer 
to growth markets, regional customers, and 
local skills and know-how. Companies are also 
increasingly turning to collaboration with 

universities, other research organizations, 
other companies, customers, and even com-
petitors. “We try to strike the right balance 
between having some centralized develop-
ment, where the market is purely global and 
the need for solutions is global and some cus-
tomers are global,” says Lars Petersson, COO 
of paints and coatings company Hempel.

The United States remains the largest R&D 
spender, with nearly $433 billion of R&D 
spending in 2013, but this is only one third 
more than that of China. Indeed, China’s 
R&D spending is now equal to that of the Eu-
ropean Union. Global R&D is increasingly be-
ing performed outside the OECD area, OECD 
says. The organization’s share of global R&D 
has slipped steadily from 90% to 70% dur-
ing the last 10 years. Asia is on the way up, 
with China set to become the top world R&D 
performer by the end of the decade if recent 

trends continue (chart). China’s R&D expen-
diture doubled during the period 2008–12, 
and its R&D intensity is now on a par with 
that of the EU28, although R&D spending per 
capita is still low compared with most West-
ern countries. The country’s rise is driven by 
its vibrant economy and its long-term com-
mitment to science, technology, and innova-
tion. China has a target of spending 2.5% of 
GDP on R&D of by 2020.

Emerging economies are now major play-
ers in science and innovation, but they are 
more focused on applied research, according 
to OECD. Industrial R&D capacity has in-
creased rapidly in countries such as Brazil, In-
dia, and China, and steady increases in R&D 
intensity point to growing global competi-
tion in R&D assets. 

Investments in R&D are key elements in 
securing the future of the chemical indus-
try and maintaining its strong contribution 
to solving societal challenges, according to 
Cefic. Indeed, the chemical industry enables 
innovation in numerous downstream value 
chains through its products and technology, 
the trade association says. Wide variations in 
R&D efforts can be seen across industry. Inno-
vation and global competitiveness are directly 
linked: Innovation is a must to maintain com-
petitiveness on the global scene. Conversely, 
competitiveness fosters innovation by allow-
ing more resources to be allocated to break-
through R&D and innovation R&D spending 
by region, Cefic says.

R&D spending in the EU chemical indus-
try was €7.8 billion ($8.96 billion) in 2004, 
rising to €8.9 billion in 2014 (chart). The 
United States spent slightly less, €7.5 billion, 
in 2004, but this increased to €11.9 billion in 
2014. The ratio of R&D spending to sales, the 
R&D intensity, has been declining in the Eu-
ropean Union. It was 2.8% in 1992 but only 
1.6% in 2013 compared with 4.1% in Japan 
(chart). Although R&D spending has generally 
increased during the past two decades, R&D 
intensity has fell in the same period, although 
the decline stopped in 2011, and R&D inten-
sity is now inching back up. China’s chemical 
R&D spending rose sixfold in 2004–14, ris-
ing from $1.5 billion to $9 billion, and is now 
above that of the EU28, at $8.9 billion. R&D 
spending more than doubled in India and 
South Korea during those 10 years, increasing 
from $500 million to $1.2 billion in India and 
$600 million to $1.6 billion in South Korea. 
Over 40% of chemical discoveries today origi-
nate from Asia, says Marijn Dekkers, president 
of VCI, and former chairman of Bayer. 

Source: OECD. © 2016 IHS
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Whitesides: Prolific era 
of chemical invention is over.



tor. “In performance materials, performance 
chemicals, it’s really impossible to accomplish 
[anything] if you are not the technology lead-
er in these areas,” Kutsovsky says. “And this 
is not a static statement. You can’t say ‘I’m 
the technology leader’ and do nothing about 
it. As the requirements and the needs of the 
customer change, you expect to exhibit this 
leadership, to continue to engage and to do 
what is needed,” he adds.
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Innovation in the chemical industry is lev-
eraged by other industrial sectors to develop 
solutions to the major societal challenges, 
Cefic says. Europe still needs to enhance the 
connections between pure research, develop-
ment, and the commercialization of products 
and technologies. It needs to improve funding 
methods for good ideas and find better ways 
to bring commercially successful ones up to 
scale, according to Cefic.

There is a clear trend with R&D changing 
from “inside-out” to “outside-in,” according to 
Clariant. “Our experience shows that innova-
tion is a result of a culture with open commu-
nication and a continuous exchange of ideas,” 
says Martin Vollmer, chief technology officer 
at Clariant. The company fosters an innova-
tion culture with open communication and 
continuous exchange of ideas via collabora-
tion along the value chain involving suppliers, 
customers, academic partners, and start-up 
companies, according to Vollmer. “Portfolio 
management in R&D is key. It is not a ques-
tion of steadily increasing the R&D budget; it 
is more a question of prioritizing the project 
portfolio to speed up value-creating projects,” 
Vollmer adds.

Research is focusing more business objec-
tives; companies are working closer to the 
customer. “We need to have the access to 
fundamental science, reaching out to uni-
versities, some of the start-ups, but [we are] 
focusing our research resources closer to 
the business, closer to the customers,” says 
Yakov Kutsovsky, senior v.p./R&D and chief 
technology officer at  Cabot. “That’s a gen-
eral direction I see,” Kutsovsky says. “Our re-
search programs are directly and consistently 
aligned with the needs of our customers in 
the end markets relevant to our businesses,” 
Schelhaas says.

Nevertheless, companies are still investing 
in maintaining and developing research ex-
pertise even if blue sky research is no longer a 
focus. “A company that has ambitious organic 
growth targets needs to constantly focus on 
innovation,” says Ulrich Küsthardt, chief in-
novation officer at Evonik. “High innovative 
capability is vital for Evonik as a world leader 
in specialty chemicals. [Research] drives prof-
itable growth and strengthens our position 
as a market and technology leader,” he says. 
BASF’s Bock agrees: “Research is and always 
has been key to BASF’s success.”

Innovative capability and the ability to 
provide solutions to difficult problems are 
important for specialty chemical companies. 
Technical leadership is also an important fac-

Chemical companies are working more 
closely with customers on joint projects to 
find solutions to customer problems. Devel-
opment alliances with key customers, long-
established for some specialty chemical com-
panies, are becoming more significant in view 
of ever-shorter product life cycles. Cabot’s 
broad direction is getting closer to the cus-
tomer. “We expect that all our projects will 
have a very strong customer drive, very strong 
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[level of ] collaboration,” Kutsovsky says.
A company’s culture should be guided by 

constantly asking what its customers need 
and what they are willing to pay for, according 
to Dekkers. “Steve Jobs never asked us wheth-
er we needed the iPad. I didn’t know that I 
wanted one, but now I have one,” Dekkers 
says. “One doesn’t always need to ask custom-
ers that they want, but one must always know 
what they would buy and use.“

Innovation is a key driver for specialty 
chemicals. Everybody wants to bring new 
products to the market faster. There is the 
cost of R&D, development cycles are often 
long, and everybody would like to shorten 
them. “There’s not a technology leader that 
I talk to who doesn’t think that our custom-
ers would like to make it faster and more ef-
ficient and more focused,” Kutsovsky says. 
New products and solutions secure profitable 
growth, opening up new business areas and 
strengthening a company’s leading market 
and technology positions. Dow developed 
industry-leading high throughput techniques 
to develop and formulate new products faster. 
“It is really nothing short of a revolution, en-
abling us to meet customer needs faster than 
ever,” says A.N. Sreeram, senior v.p. and chief 
technology officer for Dow. “Our productivity 
is unmatched.” 

An ability to work at the interface between 
technology areas is key for innovation and 
the future of the chemical industry because 
innovation often happens at the interface of 
disciplines. It is no longer chemistry, phys-
ics, materials science, or biology; it’s all about 
what’s happening on the interfaces between 
those areas. This is challenging since few sci-
entists have such interdisciplinary expertise, 
forcing them to collaborate with other scien-
tists in other areas. Communication can be 
difficult since the scientific language is differ-
ent in the various disciplines. “The combina-
tion of science and technology has historically 
been one of BASF’s strengths and remains so 
today,” Bock says. “Close cooperation and a 
strong team are key factors in our success,” 
he says. The people working together at BASF 
have a variety of educational and training 
backgrounds. “Compared with the past, we 
not only have greater expertise today; it is 
also more varied. We have to combine this 
expertise because together we will be able to 
make connections between things that at first 
glance seem to have nothing to do with each 
other. This is how innovations are created,” 
Bock adds.

As companies work more on applied re-

search and providing solutions to customer 
questions, they are also turning more to uni-
versities and other research institutes to tap 
into knowledge and skill sets. One of the suc-
cess factors of BASF’s research is its global 

network with more than 600 universities, 
research institutes, and companies that fa-
cilitates cocreation. Evonik stepped up its 

established partnership with Duisburg-Essen 
University by funding a junior professorship 
and 10 new scholarships for doctoral can-

didates in 2013. The company has strategic 
partnerships with the University of Tokyo, 
the University of Minnesota, Shanghai Jiao 
Tong University, and the King Abdullah Uni-
versity of Science and Technology. Evonik is 
also looking at companies outside the chemi-
cal industry that show strong growth, are 
globally active, and operate in a different part 
of the value-added chain. “This is why we are 
also seeking partners for innovation projects 
who may, at first glance, have nothing in com-
mon,” Küsthardt says. 

Lanxess had a total of 153 major R&D al-
liances in 2015, 35 of which were with uni-
versities, 97 with suppliers or customers, 
and 21 with research institutes. “Generating 
knowledge in this way is substantially more 
efficient and cost-effective than if we were to 
maintain our own resources for this purpose,” 
says Schelhaas. “We are currently resetting 
the boundaries for our research landscape and 
reviewing where we can sensibly supplement 
existing collaborations. Here we are not bound 
to particular countries or continents, but look 
worldwide for the research partner that fits us 
best,” Schelhaas, adds. 

Customer intimacy, having a seat at the 
design table, ensures that innovations find a 
market, according to Dow. “We work with an 
extensive network of top, world-class univer-
sities, and keeping an eye out for discoveries 
coming from curiosity-driven research,” says 
Sreeram. “We have technology scouts around 
the globe seeking innovations that we can de-
ploy against customer needs,” he says. 

“We collaborate to make sure we are stay-
ing on the edge and constantly innovating on 
new solutions and that we have the latest re-
search at hand,” says Hempel’s Petersson. But 
it’s not just downstream collaboration, there 
is some upstream as well. “We are working 
with universities, but we are also setting up 
collaborations with our suppliers, because we 
think it’s interesting to tap into their technol-
ogy, and with individual customers to produce 
joint solutions for their particular needs,”  
Petersson says.

Internal collaboration is also important fac-
tor for innovation. Dow’s information tech-
nology (IT) infrastructure allows its scientists 
to share information quickly and efficiently. 
The company moved to a single IT platform 
based on IBM personal computers and Mi-
crosoft windows as operating system over 20 
years ago. “[This] allows us to be focused on 
our efforts and be geographically distributed,” 
says Sreeram.

Physical proximity is very important, par-
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ing approximately €50 million in an innova-
tion campus in Mumbai, which will be opera-
tional in 2017. The facility will accommodate 
around 300 scientists investigating crop pro-
tection, process development, and polymer 

research, the company says.
Other European companies are also looking 

at Asia/Pacific in general and India and China 
in particular. Part of Evonik’s growth strategy 
is the expanding R&D in economically attrac-
tive regions, especially Asia. Evonik’s light 
and electronics project house, which focuses 
on panel lighting, display components, and 
functional coatings for electronics, is based 
at the Industrial Technology Research Insti-
tute in Hsinchu (Taiwan), close to large pro-
ducers of electronic goods. In addition, the 
company’s strategic innovation unit Creavis 
opened a biotechnological research laboratory 
in Shanghai in 2013. 

Evonik has built technology centers in In-
dia and Japan and a research center in Shang-
hai. The research center has already expanded 
three times since opening in 2004, with new 
laboratory capacities coming onstream in 
fall 2013. The company has invested a total 
of €23 million in the building, which spans 
about 46,000 square feet and has 50 labora-
tories. In addition, Evonik operates an R&D 
center specially designed for coating additives 
at the sites in Singapore and Shanghai, which 
work on customized solutions for coatings 
manufacturers in Asia/Pacific. 

Clariant has implemented One Clariant 
Campus, a project aimed at increasing the 
company’s local innovation in China. The 
campus is an integrated facility planned for 
Shanghai for the end of this year and will 
feature the company’s Greater China head-
quarters and a regional innovation center. It 
will facilitate internal communication and 
strengthen customer interaction, particu-
larly from an R&D perspective, Clariant says. 
“We expect growth of about 7%/year in the 
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ticularly when we are talking about customi-
zation of the product, local applications is 
very important, says Kutsovsky. Customer 
proximity is an important success factor in 
Evonik’s R&D, which has a decentralized 
structure and global orientation. The focus 
is increasingly on growth regions, with R&D 
personnel strongly aligned to the trends and 
demands of those markets.

Cabot is very systematically managing its 
R&D resources, deciding who are the custom-
ers, who it wants to partner with, what are 
the applications to focus on, what is needed in 
this region, and whether it has a critical mass 
of skills to accomplish a particular goal. “[Be-
ing in] the right places with the right people, 
the right skills, the right resources is very im-
portant, and depending on the business and 
the application, sometimes it needs to be in 
Europe, sometimes it needs to be Korea, or 
China. It’s about being very deliberate about 
making those choices,” Kutsovsky says.

“Decentralization in R&D is also a trend 
to quickly respond to local market needs,” 
Vollmer says. This requires a local customer-
centric approach with local technical exper-
tise and capabilities, for example in India and 
China. At the same time, Clariant operates 
global competence centers in R&D to ensure 
successful cross-fertilization of its technology 
platforms across multiple market segments. 

On top of emerging economies increasing 
their own chemical R&D footprint, Western 
companies are increasingly developing their 
own activities in such countries in part to be 
closer to growth markets but also to tap into 
local talent and expertise. Although most of 
BASF’s researchers currently work in Germa-
ny, the company wants to grow in the coming 
years in North and South America and in Asia. 
Emerging markets are expected to contribute 
around 60% to global chemical production, 
according to Bock. BASF says it will “substan-
tially expand the scope of its R&D capabilities 
in Asia/Pacific to bring innovation closer to 
customers in the region.” Overall, BASF aims 
to locate around a quarter of its global R&D 
activities in Asia/Pacific.

The company opened its first research cen-
ter in Shanghai in 2012, with 450 employees 
working to develop innovations. The second 
phase of the BASF Innovation Campus Asia 
Pacific was inaugurated late last year with 
a €90-million expansion at BASF’s Greater 
China headquarters at Shanghai. At the same 
time, BASF’s global research platform ad-
vanced materials and systems research has its 
headquarters in Shanghai. BASF is also invest-

specialty chemicals market in China,” says 
Christian Kohlpaintner, executive committee 
member at Clariant. “China is a decisive mar-
ket for Clariant. There is a clear trend for more 
consumption-driven growth, with increasing 
consumer demands and a shift towards inno-
vative products and service offerings. That in-
cludes shifting more decision-making author-
ity to China and to strengthen also our R&D 
capabilities,” Kohlpaintner says. Innovation 
and partnerships are two elements of Clari-
ant’s strategic framework.

“We have always been quite close to the 
customers, focusing on their needs,” says 
Hempel’s Petersson. “We have been close 
geographically, and we have increased that 
geographic presence. Today we have 15 R&D 
centers. Last year, we opened a new one in 
Russia, and we’ve added a second in Shanghai 
because of our marine customers,” he adds. 

The difficulty of balancing longer-term 
research with the need to make a profit in 
the shorter term is impacting innovation. 
R&D is coming under pressure from those 
with a financial interest in a company, inves-
tors. “Shareholders are arguing that research 
takes too long, costs too much, and carries too 
many risks,” says Bill George, senior fellow at 
HBS and former chair and CEO of Medtronic. 
America’s vaunted research prowess is under 
attack, not from China, Japan, or Germany, 
but from within, led by impatient investors 
eager to gain immediate boosts in stock prices. 
Unfortunately, that’s the nature of research: 
“If we knew what we were doing, it wouldn’t 
be research,” as the saying goes.

America’s corporate research labs, which 
have been working with academic research 
institutions supported by federal funding, 
have long been the envy of the world. Bell 
Labs, which produced many scientific break-
throughs in the 20th century, has virtually 
disappeared. DuPont’s R&D function has the 
target of activist attacks. The merger of Du-
Pont and Dow could spell doom for DuPont’s 
central research laboratories, according to 
George. Ed Breen, CEO of DuPont; and Liveris 
have vowed to cut R&D in the joint company, 
thereby pleasing short-term shareholders at 
the potential expense of business fundamen-
tals, George says.

Nevertheless, there are companies that 
take a somewhat longer term view, at least 
for some products or markets. “In some of the 
new areas we are trying to develop, like gra-
phene, we are taking a longer-term view. We 
know it will take some time,” Kutsovsky says.

 —michael raVenscroft
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