
ISSN 1613-9623 k������4VSJ��(V��.IRW�0IOIV��EƾPMEXIH�[MXL�9RMZIVWMX]�SJ�1ʳRWXIV�ERH�
4VSJ��(V��,ERRIW�9XMOEP��EƾPMEXIH�[MXL�4VSZEHMW�7GLSSP�SJ�-RXIVREXMSREP�1EREKIQIRX�ERH�8IGLRSPSK]

Janvee Garg and Anil Kumar Singh

An exploration of the ankle-biters and their role in business ecosystems 

Lara Kämmerer, Denis Ludwig, Carla Mereu and Ari Pankiewicz 

Product footprint reporting for chemical companies

Marcus Ehrhardt, Christine O‘Brien and Wilderich Heising

After COVID, what‘s next for pharma supply chains?

Volume 19

Issue  2

The academic journal  for    
management  issues in  the 
chemical  industry



ISSN 1613-9623 k������4VSJ��(V��.IRW�0IOIV��EƾPMEXIH�[MXL�9RMZIVWMX]�SJ�1ʳRWXIV�ERH�4VSJ��(V��,ERRIW�9XMOEP��EƾPMEXIH�
[MXL�4VSZEHMW�7GLSSP�SJ�-RXIVREXMSREP�1EREKIQIRX�ERH�8IGLRSPSK]

:SP�����-WW����.YRI�����

Editorial Board

Editors-in-Chief
Prof. Dr. Jens Leker,  Professor  for  Management in the Natural 
Sciences, Managing Director of the “Institute of Business 
Administration at the Department of Chemistry and Pharmacy”, 
University of Münster

Prof. Dr. Hannes Utikal, Professor for Strategic Management, 
Managing Director of the “Center for Industry and Sustainability”, 
Provadis School of International Management and Technology

Executive Editors
Janine Heck
Bernd Winters

Advisory Board
Dr. Carsten Gelhard, Lars Hahn, Prof Dr. Dr. Thomas Lager, Dr. Kai 
4ƽYK��(V��7XIJER�4MGOIV��(V��'EVWXIR�7GLEJJIV��%VXYV�7ZIVHPMGLIROS

Aim and Scope

The Journal of Business Chemistry (JoBC) focuses on current 
developments and insights at the intersection of management and 
chemistry, biotechnology or pharmacy.

The JoBC provides an international forum for researchers and 
practitioners in companies, research institutes, public authorities, 
consultancies or NGOs to present and discuss current challenges 
as well as potential solutions in an interdisciplinary manner. Thus, 
the JoBC aims to foster the dialog between science and business, to 
support management practice in the chemical and pharmaceutical 
industry and to indicate where further research from academia is 
needed. The JoBC offers high quality publications with academic 
standards, a fast publishing process and global reach. With this 
multidisciplinary and boundary-spanning approach, the JoBC 
intends to become the leading journal for decision makers in the 
chemical and pharmaceutical industry.

Publisher

The Journal of Business Chemistry (Online ISSN 1613-9623) 
MW� NSMRXP]� TYFPMWLIH� F]� 4VSJ�� (V�� .IRW� 0IOIV� �EƾPMEXIH� [MXL� XLI�
Institute of Business Adminstration, University of Münster) and 
4VSJ��(V��,ERRIW�9XMOEP� �EƾPMEXIH�[MXL�XLI�'IRXIV�JSV� -RHYWXV]�ERH�
Suistainability, Provadis School of International Management and 
Technology). It is published every four months as an open access 
journal.

Subscription

Online-Subscription is possible at: 
subscription@businesschemistry.org
or LinkedIn: www.linkedin.com/company/jobc/
The articles are available for download free of charge at
www.businesschemistry.org.

Abstracting and Indexing

The Journal of Business Chemistry is covered by the following 
abstracting and indexing services:
- EBSCO Publishing
- Hamburg Institute of International Economics
- German National Library of Economics
- Chemical Business NewsBase (CBNB) by Elsevier Engineering 
Information, Inc.

Copyright

'ST]VMKLX�k������4VSJ��(V��.IRW�0IOIV��EƾPMEXIH�[MXL�9RMZIVWMX]�SJ�
1ʳRWXIV�ERH�4VSJ��(V��,ERRIW�9XMOEP��EƾPMEXIH�[MXL�4VSZEHMW�7GLSSP�
of International Management and Technology)

All rights reserved. No part of this publication may be reproduced or 
transmitted, in any form or by any means, electronically, mechanically, 
by photocopying, recording, scanning or otherwise, except as 
described below, without the permission in writing of the publisher.
Copying of articles is not permitted except for personal and internal 
use, to the extent permitted by national copyright law. Requests for 
permission should be addressed to the publisher.



ISSN 1613-9623 k������4VSJ��(V��.IRW�0IOIV��EƾPMEXIH�[MXL�9RMZIVWMX]�SJ�1ʳRWXIV�ERH�4VSJ��(V��,ERRIW�9XMOEP��EƾPMEXIH�
[MXL�4VSZEHMW�7GLSSP�SJ�-RXIVREXMSREP�1EREKIQIRX�ERH�8IGLRSPSK]

:SP�����-WW����.YRI�����

Contents
Research Paper
An exploration of the ankle-biters and their role in business ecosystems
Janvee Garg and Anil Kumar Singh.............................................................................................................................................45

Practitioner‘s Section
Product footprint reporting for chemical companies
Lara Kämmerer, Denis Ludwig, Carla Mereu and Ari Pankiewicz ..........................................................................................58

Commentary
After COVID, what’s next for pharma supply chains?
Marcus Ehrhardt, Christine O’Brien and Wilderich Heising .................................................................................................73



ISSN 1613-9623 k������4VSJ��(V��.IRW�0IOIV��EƾPMEXIH�[MXL�9RMZIVWMX]�SJ�1ʳRWXIV�ERH�4VSJ��(V��,ERRIW�9XMOEP��EƾPMEXIH�[MXL�
4VSZEHMW�7GLSSP�SJ�-RXIVREXMSREP�1EREKIQIRX�ERH�8IGLRSPSK]

44 | 79

Is the globalized world reordering itself?
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Research Paper
Janvee Garg*, Dr. Anil Kumar Singh**

An exploration of the ankle-biters and their role in business ecosystems

* Janvee Garg, FPM Scholar - Strategy, FORE School of Management, New Delhi, India, e-mail: janveegarg38@gmail.com
** Dr. Anil Kumar Singh, Professor and Area Chair-Strategy, FORE School of Management, New Delhi, India, e-mail: anil.singh@fsm.ac.in

This study addresses the void created by business 
innovations that reduce the growth pace of established 
businesses because they keep on hurting the ankles. 
Scholars (Adner, 2017; Jacobdies, Cennamo & Gewar, 
2018; Iansiti & Levien, 2004; Moore, 1993) have vaguely 
MHIRXMƼIH�XLI�IRXIVTVMWIW�XLEX�IREFPI�RI[�GSRƼKYVEXMSRW�F]�
means of transformation and contribute to ecological drift. 
The most common focus of business literature has been 
towards growing and developed companies, if not, then it 
has been a discussion of successful industries, especially 

those that have an easy data collection process. Based on 
Nutanix as an example, it intends to dominate the world of 
hyper-converged infrastructure and everything software. 
According to Dheeraj Pandey (2018), the Nutanix CEO, every 
infrastructure in the next three years will be hyperconverged, 
and he deems the rivals to be ankle-biters.

Taking into account the views expressed, we can interpret 
ankle-biters as non-threatening entities that cannot put 
existing businesses at risk. Another equally compelling lens 

+PPQXCVKXG� ƓTOU� GXQNXG�� RQUKVKQPU� UJKHV�� CPF� OCTMGVU� TGCNKIP� FWG� VQ� VJG�
F[PCOKEU� QH� KPPQXCVKQP�� 6JG� TQNG� QH� KPPQXCVKQPU� KP� TGEQPƓIWTKPI�OCTMGVU�
CPF�GEQPQOKGU� KU�YGNN�WPFGTUVQQF��6JG�UEJQQNU�QH� VJQWIJV�VJCV�IWKFGF�VJKU�
WPFGTUVCPFKPI� KP� GTUVYJKNG� NKVGTCVWTG� CTG� DCUGF� QP� GEQNQIKECN� RTKPEKRNGU��
KPUVKVWVKQPCNKUO�� CPF� KPFWUVTKCN� GEQPQOKEU�� 9JCVGXGT� VJG� UKFG� QH� JWOCP�
GEQNQI[�� RQRWNCVKQP� GEQNQI[� QT� KPFWUVTKCN� GEQPQOKEU�� CNN� CITGG� VJCV� PGY�
GPVTCPVU�FKUTWRV�KPEWODGPVU�QP�DQVJ�C�URCVKCN��C�VGORQTCN��CPF�C�OCIPKVWFG�
DCUKU��6JG�/CTMGVKPI�5EKGPEG�+PUVKVWVGŨU�TGUGCTEJ�RTKQTKVKGU�JKIJNKIJV�VJG�VGTO�
CPMNG�DKVGTU��(WTVJGT�TGUGCTEJ�KPVQ�VJKU�VGTO�KP�FKHHGTGPV�FCVCDCUGU�TGXGCNGF�
XGT[� HGY� RWDNKECVKQPU�� 6JKU� UVWF[� KU� VJGTGHQTG� C� OQFGUV� CVVGORV� VQ� CFF�
XCNWG� VQYCTFU� VJG�WPFGTUVCPFKPI�QH� VJG� VGTO�� ŮCPMNG�DKVGTU�Ŭ�D[� VTCEKPI� VJG�
GV[OQNQI[��WPFGTUVCPFKPI�VJG�UKIPKƓECPEG��KPVGITCVKPI�KV�KPVQ�EWTTGPV�EQPVGZVU��
CPF�CFFKPI�VQ�VJG�DQF[�QH�MPQYNGFIG�CUUQEKCVGF�YKVJ�VJG�VGTO��+P�������VJG�
VGTO�ŮCPMNG�DKVGTUŬ�ICKPGF�OCUUKXG�VTCEVKQP�KP�VJG�DWUKPGUU�YQTNF�� +P�QTFGT�
HQT�ƓTOU�VQ�GXQNXG�UWEEGUUHWNN[�KP�DWUKPGUU��VJGTG�PGGFU�VQ�DG�EQPXGTIGPEG�
CPF�GPECRUWNCVKQP�QH�ƓPG�VQWEJ�RQKPVU��YJKEJ�NKOKV�VJG�CPMNG�DKVGTUŨ�CDKNKV[�
VQ�FGUVCDKNK\G�VJG�GZKUVKPI�DWUKPGUU�OQFGN��#�ƓTO�KP�VJG�6GEJPQNQI[�UGEVQT�
ECP�HCEKNKVCVG�VJKU�WPFGTUVCPFKPI�
UKPEG�VGEJPQNQI[�KU�VJG�DKIIGUV�FKUTWRVQT��
YJKEJ� HCEGU�PWOGTQWU�CPMNG�DKVGTU� KP�FKHHGTGPV�EQPƓIWTCVKQPU��9G�PGGF� VQ�
FGXKUG� C� ENCUUKƓECVKQP� OGEJCPKUO� VJCV� HCEKNKVCVGU� C� EQJGTGPV�� UVTWEVWTCN�
WPFGTUVCPFKPI�QH�CPMNG�DKVGTU�

��+PVTQFWEVKQP
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views ankle-biters as small, niche brands that impede the 
growth of large consumer goods companies. As a result, 
the notion of ankle-biters is shaped by the managerial 
understanding of the businesses‘ susceptibility to risk by 
new entrants.

Additionally, the pesky ankle-biters also threatened retailers, 
whose cumulative impact hampered growth. Even though 
the ankle-biter phenomenon has been growing for over a 
decade, it is one of the authors‘ top predictions for how the 
world of retail will change in the near future. Due to factors 
such as technology, social media, e-commerce, and shifting 
consumer preferences, ankle-biters are well suited to meet 
fragmented demand.

With the advent of social media, it has never been easier 
to build a personal brand. An individual who pursues a 
passion often gains a following and a level of celebrity 
that can be translated into product sales. Those who plan 
to be merchants can simply use digital communication 
methods to connect directly with shoppers seeking niche 
items not readily available in local stores. Through Google‘s 
capabilities or by participating in one or more of the third 
party marketplaces, these merchants are able to reach 
millions and millions of potential shoppers.

3RI�SJ�XLI�FIWX�I\EQTPIW�SJ�XLMW�MW�%QE^SRƄW�*&%��*YPƼPPIH�
by Amazon) program, which allows small merchants access 
to a highly advanced supply chain network and an ever-
I\TERHMRK�W]WXIQ�SJ�JYPƼPPQIRX�GIRXIVW��%R]SRI�[MXL�EGGIWW�
to inventory and an Internet connection can operate as a 
brand or retailer, supported by marketing, merchandising 
and supply chain capabilities as sophisticated as those 
available at some legacy companies.

The ankle-biters can range from multi-billion dollar companies 
with conventional retail distribution to thousands of much 
smaller companies using e-commerce marketplaces or 
shipping products from their garage. They don‘t even reach 
ankle height and their sales aren‘t included in any Nielsen or 
-6-�VITSVXW��8LI�I\MWXIRGI�SJ�EROPI�FMXIVW�GER�SRP]�FI�ZIVMƼIH�
F]�WEPIW�ERH�XVEƾG�[IEORIWW�EX�IWXEFPMWLIH�VIXEMPIVW��[LMGL�
makes ankle-biters seem like an odorless and colorless gas.

This is why the ankle-biter effect is so frustrating and different 
from competitive challenges of the past. For example, in the 
90s, if Walmart opened a 200,000-square-foot supercenter 
near an aging Kmart store, Kmart would know who took its 
share of the market. However, the same is true to a lesser 
degree today when it comes to rapidly expanding chains 
such as Dollar General and Aldi. It is easy for competitors 
to identify either of these as a weak point when they open 
nearby.

In the current ecosystem, ankle-biters will continue to exist. 
It will persist and intensify in the coming years and become 
even more of a competitive issue. However, there is a solution 
and it doesn‘t require going head-to-head with Amazon or 
Walmart to offer an endless aisle marketplace. It does mean 
that innovation has to accelerate in organizations at a rapid 
pace, something we often hear, but rarely see - to provide 
the uniqueness and personalization that makes shoppers 
receptive to ankle-biters. 

In addition to factors like better assortment planning, 
leveraging new sources of insights for personalized offers, 
JSGYWMRK�VIPIRXPIWWP]�SR�XLI�WYTTP]�GLEMR�XS�QSVI�IƾGMIRXP]�
ƽS[� KSSHW�� IPMQMREXMRK� [EWXI�� ERH� MQTPIQIRXMRK� RI[�
JYPƼPPQIRX�QSHIPW�WYGL�EW�GPMGO�ERH�GSPPIGX�SV�LSQI�HIPMZIV]��
there are a number of other things to consider. Food retailers 
in particular need to be more aggressive about adopting a 
HMKMXEP�ƼVWX�TLMPSWSTL]��YXMPM^MRK�WXSVIW�XS�HVMZI�XVEƾG�XS�XLIMV�
Web sites and exposing shoppers to a universe of products 
that physical stores cannot offer.

The ankle-biters will continue to gnaw at the market share of 
established retailers, moving up the leg of the vulnerable who 
are deluded about the relevance of their stores or the extent 
of digital advancements. If that makes for a disturbing visual 
- that‘s a good thing, because no retailer should be looking in 
the mirror several years from now and regretting not having 
acted sooner (Troy, 2018).
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��.KVGTCVWTG�4GXKGY

For a business, technological innovation is often a key to 
survival and a source of sustained growth, but it is also 
I\TIRWMZI�ERH�HMƾGYPX��7GLYQTIXIV��������8LI�GSRGITX�SJ�
market-to-market competition has been a subject of intense 
academic inquiry ever since Schumpeter brought it to light 
and its equivocal creative and destructive implications. 
It is Christensen (2000), which describes instances in 
which entrepreneurs touting inferior technologies disrupt 
IWXEFPMWLIH� ƼVQW� [MXL� WYTIVMSV� XIGLRSPSKMIW� �(ERRIIPW��
2004). The „innovator‘s dilemma“ is the fact that well-
established and well-run companies can lose customers by 
doing the right thing by listening to their customers - upstart 
ƼVQW�XLEX�SJJIV�RI[�XIGLRSPSKMIW�JSV�[LMGL�RS�GYWXSQIVW�EW�
yet exist (Dew, 2008).

Figure 1 shows the performance trajectory of products 
(the red lines showing how they improve over time) and 
the performance trajectory of customer demand (the 
blue lines showing the willingness of customers to pay 
for performance). The high-end of the market (where 
TVSƼXEFMPMX]� MW� KVIEXIWX� HIQERHW� LMKLIV�UYEPMX]� TVSHYGXW�
and services from incumbent companies (upper red line), 
overshooting the needs of most low-end and mainstream 
GYWXSQIVW�� -R� E� PIWW�TVSƼXEFPI� WIKQIRX� XLEX� MRGYQFIRXW�
neglect, this provides an opportunity for entrants to gain a 
foothold. In a disruptive market (lower red line), entry-level 
companies improve the performance of their offerings and 
QSZI� YTQEVOIX� �[LIVI� TVSƼXEFMPMX]� MW� LMKLIWX� JSV� XLIQ��
too), challenging the incumbents‘ dominance (Clayton M et 
al.,2015).

��6JG�CPMNG�DKVGT�GEQPQO[

In the 18th century, the industrial revolution brought with 
it strict barriers to entry in businesses, huge investments 
and high raw material prices, large scale production and 
inventories, thus favoring large industrial giants. The factors 
EFSZI� PIH� XS� E� WQEPP� RYQFIV� SJ� FYWMRIWWIW� ƽSYVMWLMRK�
back then. But the world seems to have progressed from 
this scenario, leading into a new dynamic of digitally driven 
economic revolution by creating a new governing algorithm 
in which large numbers of admirably aggressive, bumptious 
individuals and startups can and will bring down established 
and formerly unassailable big incumbents with regularity 
(Maney, 2013). In the business world, incumbents are 
companies, brands, academic institutions, media franchises, 
and politicians.

This is what is known as the „rise of the ankle-biter economy“. 
The ankle-biter economy represents a turbulent new reality 
where nothing is sacred or safe. In order to study how this 
GLERKI� SGGYVVIH�� [I� RIIH� XS� ƼVWX� YRHIVWXERH� LS[� EROPI�
biters originated.
8LI�XIVQ�EROPI�FMXIVW�[EW�ƼVWX�YWIH�MR������F]�+EV]�1EVXMR�
in Harper‘s Magazine, saying: „And how are you, John?“ and, 
how‘s Molly, and all the little ankle-biters?” Here the term 
“ankle-biters” refers to children. We can therefore infer that 
this term describes the characteristics associated with kids, 
such as being mischievous, creative, and active (Martin, 
1850).

 
 

Figure 1 The disruptive innovation model (Clayton M et al., 2015).
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%W� HIƼRIH� MR� 4EVXVMHKIƄW� HMGXMSREV]� ������� XLI� XIVQ�
describes pants styled after the pants worn by Hussars, 
the Hungarian light cavalry of the 15th century, which had 
the bottoms tucked inside the stockings to keep them from 
touching the stirrups. The attributes can also be associated 
[MXL�WSQIXLMRK�XLEX�MW�TPMEFPI��ƽI\MFPI��SV�[MPP�XEOI�ER]�WLETI�
3R�XLI�SXLIV�LERH��XLI�XIVQ�LEW�EPWS�KSX�E�ƼRERGMEP�HIƼRMXMSR��
which states, a „small-cap“ company is one whose stock is 
issued with less than half a billion in capitalization. Or maybe 
it‘s less than one or even less than two billion (Farlex, 2004). 
In The Washington‘s Post (2018), Elon Musk‘s company 
SpaceX, while initially described as an ankle-biter, was later 
described as a serious competitor. According to this, we can 
conclude that the term is used to describe something that 
is annoying, but which cannot hurt because it is in its early 
stages and cannot harm anyone (Koren, 2018). Although 
the term hasn‘t been extensively used, it has been employed 
MR� E� ZEVMIX]� SJ� GSRXI\XW� [LMGL� [MPP� LIPT� YW� HIƼRI� MX� QSVI�
comprehensively. 

The topic of this research paper is part of the Marketing 
Science Institute‘s 2018-2020 research priorities. The report 
describes ankle-biters as ‚small, new entrants eating into 
ƼVQƄW�QEVOIX� WLEVIƄ�� 8VS]� ������ MHIRXMƼIW� EROPI�FMXIVW� EW�
small, niche brands contributing to the growth challenges 
of large consumer goods companies. Previously, Maney 
described ankle-biters as „large numbers of admirably 
aggressive and bumptious individuals and startups capable 
of bringing down established and previously invincible big 
incumbents frequently“. Hiscock (2016) states that small, 
ƽI\MFPI�TPE]IVW�QE]�WIIQ�PMOI�E�RYMWERGI�XS�]SY��8LI]�[ERX�

a piece of your customer base. In fact, they may not even 
register on your radar. However, this kind of shortsightedness 
will only increase the vulnerability. 

From these descriptions, some characteristics of ankle-
biters can be gleaned, such as the fact that they are small, 
RMGLI�� RI[GSQIVW�� ƽI\MFPI�� ERH� MRZEHMRK�� GYXXMRK� MRXS�
the market share of old incumbents. In order to gain a 
clear understanding of the term ankle-biters, the authors 
examined each of these characteristics separately.

8LIVIJSVI�� EROPI�FMXIVW� GER� FI� HIƼRIH� EW� ƊRI[GSQIVW�
[LS� EVI� RMQFPI� ERH� ƽI\MFPI� MR� XLIMV� STIVEXMSRW� ERH�
capture the share of incumbents with innovation“. 

��%NCUUKH[KPI�VJG�CPMNG�DKVGTU

Table 1 Meanings of ankle-biters in different contexts (own representation).

Context Meaning

Small When we refer to ankle-biters as small, it refers to their size of business, but the value or volume of 
their business is hard to quantify. 

Niche 8LI�'EQFVMHKI�HMGXMSREV]�HIƼRIW�XLI�XIVQ�EW�ER�STTSVXYRMX]�JSV�E�FYWMRIWW�XS�TVSZMHI�E�TVSHYGX�
or service that is not currently available which can be interpreted as bringing a unique and new 
product to market.

Newcomer A player who has recently entered the market may be inferred here.

Flexible According to the Cambridge Dictionary, it is something that can change according to the situation, 
which means that it isn‘t static.

Invader Anyone who takes over properties that were previously occupied by others, meaning ankle-biters, 
are taking away market space and customers from already established companies.

Innovator 8LI�'EQFVMHKI�HMGXMSREV]�HIƼRIW�MX�EW�WSQISRI�[LS�MRXVSHYGIW�RI[�MHIEW�ERH�GLERKIW

Ankle-biters can be categorized according to two criteria: 

 � Market Reach: Some ankle-biters target niche segments, 
while others focus on producing products for the mass 
market.

 � The amount of total funding received: This criterion 
helps determine the size of a particular ankle-biter, or 
to put it differently, the extent to which the ankle-biter is 
functioning, and how much it is expected to grow over 
time.

Four quadrants of the matrix have been named sustainers, 
breakthrough players, experimenters, and explorers.
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��.KHGE[ENG�UVCIGU�QH�CPMNG�DKVGTU�

Neil et al. (1983) discuss the stages of growth in small 
businesses. We will examine these stages and see how 
ankle-biters progress through their lifecycle.

8LIVI� EVI� ƼZI� WXEKIW� JSV� XLI� KVS[XL� SJ� EROPI�FMXIVW� 

1. In the Existence Stage, you will be in the process of 
ƼRHMRK�GYWXSQIVW��KIXXMRK�]SYV�TVSHYGXW�ERH�WIVZMGIW�
XS�QEVOIX��ERH�[SVOMRK�XS�TVSZMHI�XLI�GEWL�XS�JYPƼPP�EPP�
of this phase‘s cash requirements. The owner manages 
everything here, and there is no formal planning or 
system. A company in the existence stage can be a 
newly started restaurant or retail store or a high-tech 
manufacturer that has not yet standardized production 
or quality.     
 

2. As the business approaches its survival stage, it has 
customers and focuses on maintaining its revenue and 
expense relationships. The goal is to generate enough 
cash to reach break-even and remain in business. 
 
 

3. At the success stage, owners must decide whether 
to exploit the company‘s successes and expand or 
QEMRXEMR� MXW� WXEFMPMX]� ERH� TVSƼXEFMPMX]� WS� XLEX� SXLIV�
activities can be undertaken.   
 

4. The take-off stage involves managing the rapid growth 
SJ�E�FYWMRIWW�ERH�QEREKMRK�XLI�ƼRERGMRK�SJ�XLI�KVS[XL��
Here, the emphasis is on delegating responsibilities 
F]�XLI�S[RIV�ERH�QEREKMRK�GEWL�ƽS[�JSV�GSRXMRYSYW�
growth, operational planning, and strategic planning. 
 

5. The resource maturity stage involves managing a 
GSQTER]�XLEX�LEW�KVS[R�ERH�MW�FVMRKMRK�ƼRERGMEP�KEMRW��
It involves increasing the workforce, professionalizing 
the systems, and creating strategic plans without 
WEGVMƼGMRK�XLI�ƽI\MFMPMX]�SJ�XLI�SVKERM^EXMSR�

*MKYVI���'PEWWMƼGEXMSR�SJ�XLI�EROPI�FMXIVW��S[R�VITVIWIRXEXMSR�
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��4KUG�QH�VJG�CPMNG�DKVGTU

Maney (2013) attributes the rise of ankle-biters to easy 
access to capital, technology that costs 1/1000 of what it 
did 15 years ago, and exchange-type platforms offering 
everything from Chinese manufacturing capacity to skilled 
engineering labor.

Businesses don‘t always succeed when they enter the market. 
First, the sense of ‚urgency‘ is a factor that contributes to 
their success. Most new businesses have limited resources 
and funding. If they can‘t reach the next milestone, whether 
it‘s becoming self-sustaining through sales or getting to the 
next stage with a venture capitalist, they‘re doomed. That 
level of urgency, that drive to move quickly, just doesn‘t exist 
inside most large organizations (Stacey et al., 2019).

Second, the decision-making process is decentralized, 
where decision-making is also delegated to lower levels. 
As a result, actions can be taken quickly and the results 
can be achieved quickly and with agility. Uber‘s General 
Manager Beth Huddleston stated that they were able to 
innovate rapidly because of the way they were organized. 
The decision-making was pushed down as far as possible, 
resulting in city teams setting prices, negotiating deals with 
sports teams, and doing all kinds of things that should be 
handled centrally in a much more mature organization. In 
that way, he thought, they could get from here to there. At 
lower levels, decision making can sometimes be a risky 
business due to lack of experience, or impromptu decisions 
(Stacey et al., 2019).

The third characteristic is the innovative mindset of 
small organizations. Innovation is usually left to the top 
management in large and established companies. Many 
leaders outright reject the idea of innovating something new 
out of fear of failure and loss of credibility, which is passed 
on to their employees as well. Most incumbents follow 
past successes as their current practices and use them 
as templates for the future. In this way, people within the 
same environment suffer from organizational gravity, which 
prevents them from thinking beyond a limit or stepping 
outside of their current approach to form a new approach. 
This is what separates a new entrant from the established 
players. They explore, take risks and innovate; they do not 
LEZI�ER]�Ƽ\IH�TVEGXMGIW��(IZEMEL�ERH�2EVERK�������

��6[RGU�QH�&KUTWRVKQPU 

Disrupting the market space in several ways is what an 
ankle-biter does:

1. Expand market reach: This includes expanding market 
reach through digital marketplaces which can serve as 
bridges between fragmented buyers and sellers. Digital 
TPEXJSVQW� LEZI� PS[IV� QEVKMRW�� QEOMRK� MX� HMƾGYPX� JSV�
brick and mortar incumbents to compete. While digital 
platforms provide customers with a large catalog 
of products without maintaining large inventories, 
incumbents seem to be losing out on this front as they 
spend many resources maintaining physical assets. 
Amazon, which has capitalized on the rapid growth 
of the internet and displaced many brick and mortar 
FSSOWXSVIW��MW�XLI�FMKKIWX�HMWVYTXSV�MR�XLMW�ƼIPH��
 

2. Converge products: It involves merging products 
to create a product that provides more value to 
the customer. The most prominent example is the 
smartphone, which integrates everything from an alarm 
clock to GPS to a music player to a camera and more. 
 

3. Unbundle products and services: It involves breaking 
down mass-market products into narrower, more 
WTIGMƼG� TVSHYGXW�� -R� XLMW� [E]�� TVSHYGIVW� GER� SJJIV�
more competitive prices for their individual products. 
'VEMKWPMWX�� JSV� MRWXERGI�� YRFYRHPIH� GPEWWMƼIHW� JVSQ�
RI[WTETIVW� F]� FIMRK� E� GPEWWMƼIH�WTIGMƼG� TPEXJSVQ��
which provides consumers with access to more 
content.     
 

4. Turning products to product platforms: It involves 
XLI� HIZIPSTQIRX� SJ� E� ƽI\MFPI� TVSHYGX� XLEX� GER� FI�
JYVXLIV�GYWXSQM^IH�F]�XLMVH�TEVXMIW�ERH�WSPH�XS�XLI�ƼREP�
customer. The most well known example of this is the 
open-source Android OS, which challenged the then 
well established Symbian OS by allowing third parties 
to provide various product offerings.  
 

5. Shorten the value chain: By eliminating certain stages 
of the value chain, new entrants aim to shorten the value 
chain and provide value to customers. In the healthcare 
sector, for instance, telemedicine is becoming 
increasingly accepted, which makes healthcare easier 
and more convenient for customers.  
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6. Unlock adjacent assets: It includes utilizing the 

underutilized resources in the adjacent market to meet 
the demands of the existing market without having to 
own assets. Uber, for example, operates on this model. 
 

7. Distributed product development: Under this model, 
many third parties participate in the product design 
and development so that higher value will be generated. 
This model allows innovation to emerge from multiple 
sources, for example, Wikipedia uses a similar model 
to allow third parties to publish data on the platform; 
similarly, Tripadvisor lets customers post reviews and 
opinions which disrupted the travel book and magazine 
market.     
 

8. Align price with use:� -X� VITPEGIW� Ƽ\IH� TVMGMRK� [MXL�
usage-based pricing. Instead of having their own data 
processing units, which would cost around 1.5 million 
euros, customers can use the Amazon Web Services 
for almost half the price and can access their data 
whenever they want.    
 

9. Connect peers: A distributed governance structure 
that enables market participants to interact directly 
with each other in a trusted environment increases the 
visibility of interaction data by replacing centralized 
authority and intermediaries. OpenBazaar, for example, 
is an open source P2P platform that lets you exchange 
goods using bitcoins.

��#PMNG�DKVGTU�KP�*GCNVJECTG�
+PFWUVT[

In today’s era, traditional hospital-based healthcare is 
being replaced by home-based healthcare. The advent of 
robotics, deep learning, data analytics, genomics, and 3D 
tissue printing will lead to a more virtual, distributed health 
system. Health data digitization - known as Internet of 
Things in Healthcare - is growing rapidly across the globe 
and is being used in delivering healthcare services. IoT has 
grown exponentially in healthcare as a result of COVID-19. 
IoT in healthcare is impacted by several rapidly evolving 
technologies that are converging. 

 

 
Listed below are some of the medical technology companies 
in India that are funded by venture capitalists and whose 
products are thriving in emerging markets, like India, as well 
as in developed markets, like the United States of America 
and Europe.

1. The Delhi-based start-up Invictus Oncology has created 
a drug that penetrates deep into tumors, shrinks them 
by cutting off their blood supply, and sits on them 
until they die. This technology was developed by the 
WGMIRXMWXW�MR�,EVZEVH�1IHMGEP�7GLSSP�ERH�JYVXLIV�VIƼRIH�
by the group of scientists in India.  
 

2. A startup focused on stem cells, Stempeutics Research, 
is developing a point-of-care medical device for 
separating stem cells from humans in alliance with 
Vignani Technologies, a niche engineering services 
company. The device will be called Stempeuron. A 
stem cell machine extracts high-quality stem cells 
out of the tissue quickly, whereas current procedures 
involve bringing fat tissues to the lab and processing 
them for isolation of stem cells, which take time, are 
cumbersome and have a low viability rate. 
 

3. The ‚OncoprintR‘ technology was developed by Mitra 
Biotech, a Bangalore-based biotechnology company, 
to help doctors differentiate with a great deal of 
accuracy between drugs that work on cancer patients 
and drugs that don‘t. Patients no longer have to 
undergo drug regimens that can lead to side-effects 
and complications. Mitra has made deals with a 
number of top hospitals in India and abroad to provide 
personalized treatment options.    
  

4. Innovative Acer provides a healthcare data analysis 
TPEXJSVQ�XLEX�YWIW�EVXMƼGMEP�MRXIPPMKIRGI��8LI�TPEXJSVQ�MW�
used in healthcare facilities to keep track of populations‘ 
health. The company has developed a cloud-based 
platform that collects, researches, and provides insight 
into patient health.     
 

5. Fitness training is available at CureFit both in the gym 
and at home, under the umbrella of dance, yoga, and 
workouts. Food delivery services and an online mental 
wellness platform are available under the brand EatFit, 
which offers healthy meals, snacks and beverages.
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6. HealthifyMe transforms a billion lives by promoting 
LIEPXL�ERH�ƼXRIWW��,IEPXL]�PMJIWX]PIW�EVI�FIMRK�GVIEXIH�
F]� XLMW� ETT�� [LMGL� GLERKIW� LS[� TISTPI� WXE]� ƼX�� IEX�
clean, and build healthy habits. Having over 20 million 
HS[RPSEHW��ERH�E� XIEQ�SJ������RYXVMXMSR��ƼXRIWW��ERH�
yoga coaches, HealthifyMe has made a major impact 
in South East Asia and is poised to expand globally. 
%VXMƼGMEP�-RXIPPMKIRGI��GSQFMRIH�[MXL�,YQER�-RXIPPMKIRGI��
produces a product that is changing lives. In addition to 
offering employee wellness solutions, HealthifyMe also 
offers B2B services to over 100 companies. 

��#TG�CPMNG�DKVGTU�ECRCDNG�QH�
CVVCEMKPI�GCEJ�QVJGT!

Ankle-biters are not only a threat to the existing businesses; 
they also pose a threat to their fellow ankle-biters. Our 
analysis will be based on the following startups in the Dairy 
Industry. 

From the above table 2, we see that Milk Basket, Doodhwala, 
Daily Ninja, and Supr Daily launched their platforms in 2015. 
Out of the four startups mentioned, three business ventures 
have been acquired and are operating successfully: Milk 
Basket was acquired by Reliance Group (Baruah, 2021), Daily 
Ninja was acquired by Big Basket (The Economic Times, 
2020), and Supr Daily was acquired by Swiggy (YourStory, 
2021).

However, Doodhwala couldn‘t sustain its business despite 
disrupting the supply chain and market, reducing the value 
chain, and turning products into platforms. They failed for 
many reasons, such as operating on low margins, excessively 
using cashbacks and discounts, not being clear about their 
competitive advantage, and facing intense competition 

from giants. It wouldn‘t have been so hard for them to swim 
across the ocean if there had been only one reason for their 
failure. Doodhwala managed to eat the market share of 
other retailers selling milk for decades by initially entering 
the market as an ankle-biter.

However, other ankle-biters came up with an approach that 
included open innovation, market awareness, continuous 
GSQTIXMXSV� EREP]WMW�� ƽI\MFMPMX]�� ERH� WYWXEMREFMPMX]�� TPYW� ER�
understanding of rapid changes in consumers‘ psychology.

���&GHGPUKXG�UVTCVGIKGU�D[�
KPEWODGPVU�CICKPUV�CPMNG�DKVGTU

Singh (2015) highlights that the health of an organization 
can be sustained over time, much like the health of humans. 
Organizational health is therefore a powerful lever in a 
dynamic business environment where dealing with change 
is an instinct linked to survival. 

Startups, which used to be considered ankle-biters, are now 
not just competitors, but rapacious ones that operate in 
ways you‘re not allowed to, often at the edges of regulation. 
When did startups gain so much power? One of the main 
reasons is that they have more funding, more capital. Back 
XLIR�� WXEVXYTW� [IVI� JYRHIH� [MXL� ƼZI� QMPPMSR� HSPPEVW�� XLI]�
were ankle-biters. Technology-wise, they were probably a 
good acquisition, which is what they were hoping for as well. 
Their budget for research and development is much higher 
and they spend hundreds of billions of dollars on it (Steve, 
2018).

Table 2 Some startups in the Indian dairy industry (own representation).

Startup Name Launch Year Status Acquired By

Milk Basket 2015 Active Reliance

Doodhwala 2015 Closed in 2019       – 

Daily Ninja 2015 Activea3 Big Basket

Supr Daily 2015 Active Swiggy
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As a way to defend themselves from ankle-biters, incumbents 
need to come up with strong defensive moves:

1. Investment in Startups: Several incumbents have 
invested in the new entrants, such as Mahindra 
and Mahindra, which invested $2 million in a farm 
equipment rental startup, Gold Farm; and Bajaj 
Finance, which invested $35 million in mobile wallet 
QEOIV�1SFMO[MO��+ISVKI�1MXVE�� GLMIJ� I\IGYXMZI�SƾGIV�
at Avendus Wealth Management, notes that business 
KVSYTW�MRZIWX�MR�WXEVX�YTW�XS�ƼRH�SYX�[LEX�XLI�RI\X�FMK�
thing in space can be, as well as to be aware of the 
ground situation that can help them react accordingly. 
-RZIWXMRK� MR� GSQTERMIW� MW� TVMQEVMP]� EFSYX� ƼRHMRK� SYX�
what are businesses that can either complement or 
disrupt existing ones to diversify the existing ones. 
    

2. Learn to Innovate: The ankle-biters are driven by 
innovation. They look for transformative needs in the 
market, develop their products to meet those needs, 
and capture the customers of existing players. The entry 
of Patanjali in the Indian market as an ayurvedic brand 
completely disrupted the FMCG sector. In order to solve 
this problem, Hindustan Unilever Limited (HUL) revived 
their ayurvedic brand Lever Ayush, which has been 
successful and is second on the market after Patanjali. 
     

3. -RWXIEH� SJ� FIMRK� ƼVWX� XS� QEVOIX�� EP[E]W� FI� ƼVWX� XS�
scale: While incumbents might lag behind in innovating, 
they can set the standard for large-scale productions. 
To capture the market space, large companies must 
rely on their existing infrastructure and abundance 
of resources to see what‘s disrupting the market and 
surge production more than startups.

In order to get a sense of how disruption is taking place in 
the real world, the authors will examine different industries 
and see how some of the new entrants are impacting the 
market.

1. 4LEVQEGIYXMGEP�-RHYWXV]�
The pharmaceutical industry has seen a number of 
innovations despite the Covid-19 pandemic, long clinical 
trials, and years of research and development. State-owned 
companies perform better on innovation than privately 
owned companies when it comes to R&D investment. 
Though private-owned companies invest more in R&D, 
their innovation output is relatively slower as compared to 
KSZIVRQIRX�WYTTSVXIH�ƼVQW�XLEX�VIGIMZI�QSVI�KSZIVRQIRX�
support (Xu, 2021).

The U.S. Food and Drug Administration granted Emergency 
Use Authorization (EUA) to Johnson & Johnson‘s single-
dose Covid-19 vaccine candidate in 2021. Infected patients 
with Covid-19 have been treated with Gilead Sciences‘ broad-
WTIGXVYQ� ERXMZMVEP� HVYK� 6IQHIWMZMV�� %HHMXMSREPP]�� 7ERSƼ�� MR�
collaboration with GlaxoSmithKline (GSK), is also developing 
a Covid-19 vaccine that includes the spike protein and 
EHNYZERXW�XLEX�FIPSRK�XS�7ERSƼ�ERH�+7/��1SHIVRE�LEW�FIIR�
a pioneer in the development of mRNA-based medicines 
ERH� MW� E� PIEHIV� MR� XLI� ƼIPH�� 8LI� 4Ƽ^IV�&MS28IGL� TIHMEXVMG�
Covid-19 was recommended by the US Center for Disease 
Control (CDC) for children 5-11 years old at the end of 2021 
(Chattopadhyay, 2022).

*MKYVI���'PEWWMƼGEXMSR�SJ�XLI�I\EQTPIW�SJ�EROPI�FMXIVW�EGGSVHMRK�XS�XLI�QEXVM\��S[R�VITVIWIRXEXMSR�

���&KUTWRVKQPU�KP�&KHHGTGPV�5GEVQTU
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The healthtech sector got a huge boost despite the Covid 
scare that hung over the industry. Health, wellness and 
healthcare analytics are among the top subsectors, but the 
most action this year was in online pharmacies. As a result 
of the pandemic, online pharmacies got a big boost which 
required respecting social distancing and other standards. 
During the tough times of Covid-19, they made access to 
medicines easier for the consumer. The surge in late-stage 
funding helped four startups become unicorns this year – 
-RRSZEGGIV��4LEVQIEW]��'YVIƼX��ERH�4VMWX]R�'EVI��.EMR�������

2. &IEYX]�ERH�4IVWSREP�'EVI�-RHYWXV]
The beauty industry has seen several innovations. It can relate 
to product development, inclusive beauty, evidence-based skin 
analysis, and incubations.

 � Product Development: In 2018, Foreo, a Swedish brand 
that produces beauty devices, released an AI-enabled 
device, the Luna Fofo. The device monitors skin hydration 
levels by integrating machine learning and sensors 
and uses the data generated to customize customers’ 
cleansing routines over time.   

 � -RGPYWMZI� &IEYX]�� The positioning of new brands like 
Hims, for example, involves catering to underserved and 
niche segments such as masculine beauty products. 
New brands like Hims are offering skincare, hair care, and 
supplement products for male wellness.  

 � )ZMHIRGI� &EWIH� 7OMR� %REP]WMW� Recently launched 
FVERHW� LEZI� YWIH� EVXMƼGMEP� MRXIPPMKIRGI� XS� TIVWSREPM^I�
skincare, such as Atolla, launched in August 2019. Atolla 
takes advantage of a multi-pronged tech approach to 
offer personalized serums. It uses AI, a monthly at-
home skin test, and a mobile app to develop users‘ skin 
LIEPXL� TVSƼPIW�� [LMGL� EVI� YTHEXIH� FEWIH� SR� VIWYPXW� SJ�
the monthly test, inputs from users regarding season or 
lifestyle changes, and more.  

 � Incubations: Even incumbents have been innovating 
to keep up with the competition. Revlon‘s Flesh, 
L‘Oreal‘s Seed Phytonutrients, and Unilever‘s Skinsei 
are examples of internally developed brands. The 
acquisition of Modiface by L‘Oreal will be a major 
milestone for the industry, indicating that the future 
of beauty will be heavily tech-enabled. NYX, a brand 
owned by L‘Oreal, launched a virtual beauty advisor 
platform last year for customers to test product samples. 
 

3. &IIV�-RHYWXV]
There has been a 0.3% decline in beer sales in the US in 
2018 (according to Information Resources Inc.). This may 
be due to competition from competing products such as 
Hard Seltzer or an increase in consumer awareness of 
alcohol-free or lighter alcoholic drinks. To deal with these 
challenges, startups are disrupting the market with products 
such as cannabis-infused beverages, hangover cures, and 
wine subscription services.

Category Breakdown:

 � Alternative beers: It includes non-traditional beers 
made by startups, such as Province Brand‘s non-
alcoholic beer produced from marijuana, and JoyBrau‘s 
ƼVWX� RSR�EPGSLSPMG� TVSXIMR� FIIV� EMQIH� EX� LIEPXL�
conscious consumers.     
 

 � At-home devices: Startups such as PicoBrew and 
MiniBrew, for example, are making at-home brewing 
easier and more convenient with their home-brewing 
machines that make it possible for customers to brew 
small batches of beer.    
 

 � (IPMZIV]�4PEXJSVQW��Startups are also emerging for on-
demand beer delivery services. For instance, Drizly, a 
US based startup, known as Amazon for Beer, allows 
customers to order beer from nearby retailers through a 
mobile app.     
 

 � Experiences: Some players have started offering their 
customers experiences as well as beers, such as 
Hopsters, which allows people to brew their own beer, 
and Ripples, which prints personalized messages on 
foamy drinks like beer.
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4. Meatless Future
With startups producing high-tech protein products, the 
meat market is undergoing disruption. Startups are not 
just competing with frozen meat, but are also creating 
alternatives. Soylent is a US-based startup that makes 
meat replacement products such as powders, drinks, edible 
bars, etc. Over $71 million has been raised from investors 
including Google Ventures, Andreessen Horowitz, and 
others. Another startup from the UK, Huel, provides meat 
replacement shakes, and has raised about $26 million from 
Highland Europe.

By providing meat replacement products, startups are 
on their way to chipping away at the market share of the 
traditional players in the meat industry like Tyson, National 
Beef, and others.

Startups are also producing plant-based burgers, which 
means they‘re increasing options for vegetarians and 
vegans, while using a meat-like taste to entice meat eaters 
to consume environmental-friendly protein. One of the most 
well-known startups in this area is Impossible Foods, which 
offers its meatless products to commercial markets and 
restaurants. The company has partnered with Burger King 
to produce the Burger King Impossible Whopper. (Mettler, 
2020).

���%QPENWUKQP�CPF�+ORNKECVKQPU�HQT�
$WUKPGUU�5VTCVGI[

As long as innovation exists in any industry, whether it’s 
pharmaceutical, chemical, or health-tech, there will always 
be ankle-biters. It is likely that ankle-biters will persist and 
intensify in the years to come, and become a bigger problem 
in a competitive environment. Businesses need to accelerate 
innovation at an ever-increasing pace if they want to provide 
customers with the uniqueness and personalization they 
desire. The ability to deal with ankle-biters requires market 
awareness, open innovation, continuous competitor analysis, 
ƽI\MFMPMX]�� ERH� WYWXEMREFMPMX]�� TPYW� E� HIIT� YRHIVWXERHMRK� SJ�
how consumers‘ psychology is changing rapidly. Among 
our most important recommendations for business 
professionals is that they should understand their current 
business model better, embrace the concept of ankle-biters, 
ERH� MHIEPP]� MHIRXMJ]� RI[�ERH�QSVI� ƽI\MFPI� JYXYVI� FYWMRIWW�
models.

In order to elaborate on more formal theoretical models, 
researchers should conduct further empirical studies 
I\TPSVMRK� XLI� HIƼRMXMSR� SJ� EROPI�FMXIVW�� MXW� MQTEGX� SR�
other ankle-biters, traditional businesses, industries and 
enterprises. Here the researchers have tried to clarify what 
ankle-biters are and what strategies they use to become 
ankle-biters. A further intensive research study is needed 
to provide a better understanding of ankle-biters‘ formation, 
diffusion, and impact on organizations and ecosystems. 
In light of the fact that ankle-biters exist in every industry, 
including B2B, B2C and B2G, further research will contribute 
greatly to our understanding of 1. How new ankle-biters can 
disrupt markets and 2. What enterprises can do to remain 
GSQTIXMXMZI� ERH� ƽI\MFPI� IRSYKL� XS� EZSMH� FIMRK� IEXIR� F]�
ankle-biters.

#EMPQYNGFIGOGPV
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Product footprint reporting for chemical companies
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1 Introduction

Nowadays, climate neutrality, circular economy, and green 
energy are common concepts to many. This is especially 
true in industrial sectors with relevant impact on the 
environment caused by, e.g., particularly high feedstock and 
energy consumption or emissions intensity. The chemical 
industry can surely be counted among these and actions are 
already being initiated to prepare for the upcoming changes 
that are indispensable to achieve environmental neutrality.

6MWMRK� E[EVIRIWW� JSV� WYWXEMREFMPMX]� MW� KEMRMRK� MRƽYIRGI�
in social, political, and economic spheres (Verband der 
Chemischen Industrie, 2021). Customers’ increasing 
requests for sustainable products is only one example 
for this trend. Furthermore, the challenges of combating 
climate change, preserving natural resources and 
establishing a circular economy have been enshrined in 
international agreements such as the Paris Agreement and 
the European Green Deal. Within the latter, the European 
Commission published the „Chemicals Strategy towards 
a toxic-free environment“ (in the following “Chemicals 

Strategy”) in October 2020 which encourages, among 
others, a substantial revision and tightening of the REACH1  
and CLP2  regulations to achieve European climate neutrality 
by 2050 and strengthen human health aspects based on 
sustainability assessments for chemical substances and 
products (European Commission, 2020). To meet these 
political targets, the chemical industry is dependent on the 
development of appropriate methods and metrics for the 
MHIRXMƼGEXMSR��HIƼRMXMSR��ERH�UYERXMƼGEXMSR�SJ�WYWXEMREFMPMX]�
key performance indicators (KPIs) especially at the product 
level. However, assessing a company’s or product’s 
IRZMVSRQIRXEP� MQTEGX� MW� SRP]� XLI� ƼVWX�� JYRHEQIRXEP� WXIT�
towards climate neutrality: companies should exploit this 
information to identify the main drivers and possibly act on 
it, reducing their impact in order to achieve international and 
company-set targets.

Several guidelines and standards, like the International 
Reference Life Cycle Data System (ILCD) Handbook and 
assorted ISO standards (e.g., ISO 14040, 14044, 14067), have 

+P�VJG�GTC�QH�GPXKTQPOGPVCN�UWUVCKPCDKNKV[��ƓTOU�CTG�RWV�WPFGT�RTGUUWTG�HTQO�VJG�
RQNKVKECN�CPF�EWUVQOGTUũ�UKFGU�VQ�CEV��RCTVKEWNCTN[�VJQUG�KP�JKIJ�HGGFUVQEM�CPF�
energy consuming sectors, like the chemical industry. A trend towards greener 

RTQFWEVU� KU� KPGXKVCDN[� TGCEJKPI� KPVGTOGFKCVG� UGEVQTU�� UQ� VJCV� UWUVCKPCDKNKV[�
TGRQTVKPI�CV�RTQFWEV� NGXGN�CTKUGU�CU�C�PGEGUUKV[��2TQHQWPF�RTQFWEV�HQQVRTKPV�
ECNEWNCVKQP�NC[U�VJG�HQWPFCVKQP�HQT�VJG�FGƓPKVKQP�QH�FGFKECVGF�TGFWEVKQP�VCTIGVU�
CPF�VJG�FGXGNQROGPV�QH�ENKOCVG�PGWVTCN�RTQFWEVU��+P�VJKU�CTVKENG��YG�QWVNKPG�
CPF� EQORCTG� VYQ� RTQFWEV� HQQVRTKPV� TGRQTVKPI� HTCOGYQTMU�� )*)� 2TQVQEQNũU�
2TQFWEV�5VCPFCTF�CPF�VJG�'7�%QOOKUUKQPũU�2TQFWEV�'PXKTQPOGPVCN�(QQVRTKPV��
YKVJ� VJG�IQCN� VQ�RTQXKFG�ƓTOU� KP� VJG�EJGOKECN� KPFWUVT[�YKVJ�IWKFCPEG�CPF�
KPUKIJVU�QP�YJKEJ�CURGEVU�CTG�OQTG�TGNGXCPV�CPF�ETKVKECN�
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been developed to enable a comprehensive assessment 
of sustainability key performance indicators. This article 
provides chemicals companies with some orientation on 
how to compute and report environmental footprints at 
product level by performing a theoretical comparison of 
two selected standards for product footprint accounting, 
Greenhouse Gas (GHG) Protocol’s Product Standard and 
European Commission’s Product Environmental Footprint 
(PEF). 

In Section 2 we introduce the concept of life cycle 
assessment (LCA) and provide some basic facts about the 
origins of the two standards. In Section 3 each of these is 
outlined, GHG Protocol’s Product Standard in Section 3.1 
and the PEF in Section 3.2. In Section 3.3 we focus on the 
direct comparison of the two approaches and outline crucial 
aspects for chemicals companies. 

Finally, we give an overview of the discussed topics and an 
outlook on what lies ahead for the chemical industry in the 
next years in Section 4.

2 Determining sustainability 

criteria 

Since chemical products are typically intermediates that 
are further processed in numerous downstream industries, 
their sustainability is a fundamental ingredient for the 
overall sustainability achieved after subsequent processing. 
Famously, a shift towards renewable resources and energy 
as well as the development and use of recycling processes 
is imperative to meet the objectives of international goals 
like European climate neutrality in 2050. Necessary 
prerequisites are the development and establishment of 
innovative technologies, e.g., for the production of renewable 
energies and green hydrogen. Tracking of improvements 
is essential to achieve transparency towards the general 
public, investors, employees, customers and regulators.  
However, the initial assessment of a product footprint marks 
the central starting point for all further actions. To this end, 
LCA has been established as a common concept for the 
determination of product footprints.

Life cycle assessment

LCA allows to derive a product footprint, which provides a 
GSQTVILIRWMZI�SZIVZMI[�SJ�E�TVSHYGX�IRZMVSRQIRXEP�TVSƼPI�
ERH�� JYVXLIVQSVI�� JSVQW�E�WSPMH�FEWMW� JSV� XLI� MHIRXMƼGEXMSR�
of impact hotspots and reveals potential for sustainable 
product optimization. The International Organization of 
Standardization (ISO) describes the concept of LCA as 
follows: “LCA considers the entire life cycle of a product, 
from raw material extraction and acquisition, through 
energy and material production and manufacturing, to use 
ERH�IRH�SJ� PMJI� XVIEXQIRX�ERH�ƼREP�HMWTSWEP��8LVSYKL�WYGL�
a systematic overview and perspective, the shifting of a 
potential environmental burden between life cycle stages or 
MRHMZMHYEP�TVSGIWWIW�GER�FI�MHIRXMƼIH�ERH�TSWWMFP]�EZSMHIH�Ɖ�
(International Organization for Standardization, 2006, 
Section 4.1.2)

*SPPS[MRK�XLI�-73�HIƼRMXMSR��ER�0'%�WLSYPH�MHIEPP]�GSQTVMWI�
the whole life cycle of the observed entity, even beyond 
XLI�QIVI�EVIE�SJ� GSRXVSP� SJ� XLI� VITSVXMRK�ƼVQ��2IKPMKIRGI�
of any part of the life cycle would at the very least weaken 
the assessment, not revealing the whole picture of the 
entity’s environmental impact. Nevertheless, an assessment 
SR� EGXMZMXMIW� FI]SRH� XLI� GSRXVSP� SJ� XLI� VITSVXMRK� ƼVQ� [MPP�
inevitably require assumptions and estimates on the input 
quantities, weakening the quality of data and, hence, the 
assessment itself. Due to the manifold processing and 
YWEKI� TVSƼPIW� SJ� GLIQMGEPW� TVSHYGXW�� XLMW� MW� TEVXMGYPEVP]�
challenging for chemicals companies.

Various methods and guidelines have already been developed 
to provide orientation and standardization for accounting 
and reporting of environmental impacts. In the following, we 
take a closer look at two approaches for the assessment of 
product footprints and discuss some associated challenges 
for chemicals companies.

2.1 Two frameworks for sustainabilty 

CUUGUUOGPV�CV�RTQFWEV�NGXGN�

Both the GHG Protocol and the European Commission 
developed frameworks for sustainability assessment 
at product level. While the GHG Protocol is an already 
recognized international standard3, the PEF is currently 

��(YI�XS�XLI�JEGX�XLEX�QER]�GLIQMGEPW�GSQTERMIW�ERH�ZMVXYEPP]�EPP�PEVKI�PMWXIH�MRXIVREXMSREP�GSQTERMIW�VIJIV�XS�XLI�'SVTSVEXI�7XERHEVH�JSV�
GEPGYPEXMSR�ERH�HMWGPSWYVI�SJ�XLIMV�GSVTSVEXI�GEVFSR�JSSXTVMRX��''*��9Q[IPXFYRHIWEQX�������
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being further developed by the European Commission to 
be prospectively integrated into the European regulatory 
framework.

2.1.1 GHG Protocol – Product carbon footprint

The GHG Protocol is a global initiative coordinated by the 
World Resource Institute (WRI) and the World Business 
Council for Sustainable Development (WBCSD) developing 
KYMHIPMRIW� JSV� XLI�QIEWYVIQIRX�� UYERXMƼGEXMSR�� FEPERGMRK��
and reporting of greenhouse gas emissions at both product 
(referred to as “Product Standard”) and company level 
(referred to as “Corporate Standard”) in close cooperation 
with NGOs, industry associations and governments. Back 
MR� ������ XLI�+,+�4VSXSGSP� TYFPMWLIH� MXW� ƼVWX� KYMHERGI� SR�
carbon footprint accounting at product level (product carbon 
footprint, PCF).

2.1.2 European Commision – Product environmental 
footprint

In 2011, the European Commission started an initiative to 
develop a standardized approach for the determination 
of the environmental impact of products and services 
based, inter alia, on existing standards like ISO 14040 and 
ISO 14044. A similar initiative for the determination of the 
environmental impact of organizations, the Organisation 
Environmental Footprint (OEF), has also been conducted. 
However, an initial version of the PEF has been published 
in 2013, followed by a pilot phase to test its feasibility in 
practice and going over into the transitions phase.

���2TQFWEV�HQQVRTKPV�ECNEWNCVKQP�HQT�
chemicals 

Although Product Carbon Footprint (PCF) and Product 
Environmental Footprint (PEF) share many commonalities 
in their approach like the application of LCA, one major 
difference emerges from their overall scope. Whereas the 
PCF focusses on climate change solely, the PEF considers a 
much broader spectrum of environmental impacts. Keeping 
that in mind, we now take a closer look at some of the 
challenges arising when applying the two approaches to 
chemicals.

����2%(�CUUGUUOGPV���6JG�)*)�2TQVQEQNsU�
RTQFWEV�UVCPFCTF

A PCF records the total sum of greenhouse gas emissions 
generated by a selected product throughout its entire life 
G]GPI� ERH� GSRWSPMHEXIW� XLI� VIWYPX� MRXS� E� WMRKPI� ƼKYVI� MR�
CO2 equivalent (CO2e). In line with the resolutions of the 
Kyoto Protocol, the Product Standard requires to take at 
least the following six greenhouse gases into account: 
carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), 
L]HVSƽYSVSGEVFSRW� �,*'W�� TIVƽYSVSGEVFSRW� �4*'W��
ERH� WYPJYV� LI\EƽYSVMHI� �7*6). Overall, PCF determination 
according to the Product Standard can be summarized into 
the following main steps:

1. &SYRHEV]�WIXXMRK�ERH�WGSTI�HIƼRMXMSR�
2. Compilation of an emissions inventory and data 

collection,
3. Calculation of inventory results and uncertainty 

assessment, and
4. Optimization and interpretation.

Overall, the GHG Protocol proposes nine distinct steps. As 
the intention of this article is a brief overview, some steps 
have been summarized, and those with minor relevance to 
our purpose have been omitted (e.g., assurance). Please 
refer to the original publication for the complete list of steps 
proposed by the GHG Protocol (2011).

������&SYRHEV]�WIXXMRK�ERH�WGSTI�HIƼRMXMSR

*MVWX� ERH� JSVIQSWX� MW� XLI�HIƼRMXMSR�SJ� FYWMRIWW�SFNIGXMZIW�
and system boundaries to assess which activities shall be 
covered by the planned PCF assessment. This includes the 
HIƼRMXMSR�SJ�XLI�TVSHYGX�XS�FI�SFWIVZIH��XLI�PMJI�G]GPI�WXEKIW�
that are to be considered, and production sites relevant for 
the manufacturing of the selected product. Moreover, the 
overall objectives of the assessment should be sensibly 
selected depending on the target audience (internal vs. 
external). 

The GHG Protocol framework distinguishes between three 
scopes of emissions which are in general applicable for both 
study types, the corporate carbon footprint (CCF) and PCF 
UYERXMƼGEXMSR��GJ��*MKYVI����*SV�JYVXLIV�HIXEMPW�SR�XLI�WGSTI�
HIƼRMXMSRW�TPIEWI�VIJIV�XS�XLI�KYMHIPMRI�SJ�XLI�+,+�4VSXSGSP�
(2004, p. 25).
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In principle, the Product Standard states that all life cycle 
stages from cradle to grave shall be analysed in a PCF study 
(cf. Figure 1). Because of usually diverse areas of application 
of chemical products, it is almost impossible to carry out a 
well-founded assessment of all life cycle phases beyond the 
GSRXVSP�SJ�XLI�VITSVXMRK�ƼVQ��8SS�QER]�KIRIVMG�EWWYQTXMSRW�
about further processing, use, lifetime, and disposal may 
lead to a rough approximation resulting in an impairment of 
the PCF validity. Therefore, manufacturers of intermediate 
products can reasonably pursue the cradle-to-gate 
approach narrowing down the observed life cycle phases to 
the production of raw materials and manufacturing of the 
intermediate product until the reporting company’s exit gate 
(cf. Figure 1). However, an assessment of the gate-to-grave 
part can still be made on a qualitative level, as proposed by 
the European Commission (2013, p. 44).

%RSXLIV�QERHEXSV]�WXIT�MW�XLI�HIƼRMXMSR�SJ�E�YRMX�SJ�EREP]WMW�
[LMGL� WLEPP� VIƽIGX� E� QIERMRKJYP� YRMX� SJ� XLI� TVSHYGX� SJ�
MRXIVIWX��*SV�ƼREP�TVSHYGXW� MX�WLEPP�FI�KMZIR�EW�E�JYRGXMSREP�
unit allowing a measurement of the function of a product and 
thus, facilitating the comparison of the impact of different 
products at a functional level. An example for functional unit 
is the amount of PET granulate that is needed to produce a 
water bottle for transportation of 1 L of water. 

Since chemical products usually end up in numerous 
ETTPMGEXMSRW�� XLI�WTIGMƼGEXMSR�SJ�E�JYRGXMSREP�YRMX� MW�LEVHP]�

possible or even meaningful. The Product Standard states 
XLEX�XLI�WTIGMƼGEXMSR�SJ�E�WMQTPI�YRMX�SJ�EREP]WMW��I�K���MR�OK�
SJ�TVSHYGX��WYƾGIW�MR�XLMW�GEWI��

3.1.2 Emissions inventory and data collection

3RGI� W]WXIQ�FSYRHEVMIW� ERH� YRMX� SJ� EREP]WMW� EVI� HIƼRIH��
the compilation of an emissions inventory is performed. 
%� TVSGIWW� ƽS[� GLEVX� WLEPP� FI� YWIH� XS� MHIRXMJ]� VIPIZERX�
inventory items within the system boundaries, reaching 
from processes and activities over consumables and raw 
materials to waste. The comprehensiveness of the emissions 
inventory is a critical factor for the overall quality of the PCF 
and forms the basis for subsequent data collection.

Three types of data serve as input for the PCF calculation:

 � Direct emission data: emissions directly released during 
a process or activity which can be determined e.g., by 
direct measurement or stoichiometry of the underlying 
chemical reaction;

 � Activity data: particular amounts and units describing 
each activity causing emissions, emerging either from 
ƼRERGMEP�HEXE��I�K���XLI�EQSYRX�SJ�IPIGXVMGMX]�TYVGLEWIH�
for the production process in EUR) or process data 
(e.g., the amount of electricity consumed by production 
process in kWh);

Figure 1 Life Cycle and Emission Scopes are two basic dimensions for boundary setting in carbon footprint studies. While the life cycle 
WGSTIW�HIƼRI�[LMGL�SJ�XLI�ƼZI�PMJI�G]GPI�WXEKIW�EVI�GSRWMHIVIH��XLI�IQMWWMSRW�WGSTIW�TVSZMHI�MRJSVQEXMSR�SR�XLI�PIZIP�SJ�HMVIGXRIWW�SJ�
emissions considered in the calculation. (own representation)
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 � Emission factors: factors applied for the conversion of 
activity data into CO2e.

The preferred way to obtain direct emissions and activity 
HEXE� MW� XLVSYKL� GSPPIGXMSR� JVSQ� WTIGMƼG� TVSGIWWIW� MR� XLI�
studied product life cycle, the so-called primary data. In 
GEWI� SJ� MRWYƾGMIRX� MRJVEWXVYGXYVI� JSV� XLI�QIEWYVIQIRX� SV�
GSPPIGXMSR�SJ�TVMQEV]�HEXE��KIRIVMG� MRHYWXV]�WTIGMƼG�ZEPYIW�
may be used, the so-called secondary data. 

Regardless of whether primary or secondary data are used, 
the assessment of data quality in terms of technological, 
geographical, and temporal representativeness, as well 
as completeness and reliability, is always obligatory. The 
availability of high-quality data sets for activity data and 
emission factors remains a central challenge to achieve a 
high-quality PCF.

Ultimately, the acquisition of emission and activity data 
based on the company’s individual production processes 
forms the most solid, tangible, and accurate foundation for 
PCF determination.

3.1.3 PCF calculation

8LI� 4'*� GEPGYPEXMSR� WLEPP� VIƽIGX� E� TVSHYGXƅW� MQTEGX� SR�
climate change over a time span of 100 years. Thus, the 
application of the most recent 100-year global warming 
potential (GWP) factors from the Intergovernmental Panel on 
Climate Change (IPCC) is mandatory. Emitted greenhouse 
gases for each activity are captured in emission factors. 
Finally, all activity data are multiplied by their respective 
emission factors and GWP factors and summed up to 
create the PCF. 

However, multifunctional and highly interconnected 
chemicals production processes cause a high degree 
of complexity within the calculation step. For example, 
the energy used in a process must be distributed among 
the main and all co-products manufactured and further 
processes. 

The most obvious distribution approach is direct allocation, 
i.e., the breakdown of emissions to different products 
through a certain metric based on, e.g., relations of their 
physical properties or economic values. However, the 
Product Standard states that allocation should be avoided 
wherever possible and proposes three different methods for 
doing so (GHG Protocol, 2011, p. 60 - 77):

1. Process subdivision: Break down the multifunctional 
process into distinct sub-processes that do not rely on 
allocation anymore (cf. Figure 2).

2. 6IHIƼRMRK� XLI� YRMX� SJ� EREP]WMW� SV� JYRGXMSREP� YRMX��
Circumvent allocation by inclusion of the co-product or 
its function into the assessment, respectively.

3. System expansion: Directly determine the co-product 
emission share if a comparable process for the 
exclusive production of the co-product is known.

%PPSGEXMSR� EZSMHERGI� QIXLSHSPSKMIW� EVI� SJXIR� MRWYƾGMIRX�
for obtaining robust and reliable PCF results and thus, 
allocation is indispensable for PCF studies of many chemical 
products. In this case, the underlying physical relationship of 
TVSHYGX�ERH�GS�TVSHYGX�WLSYPH�FI�YWIH�MR�XLI�ƼVWX�MRWXERGI�
to allocate the shares of emissions to the outputs of the 
multifunctional process.

*MKYVI���8LI�QYPXMJYRGXMSREP�TVSGIWW�ERH�MXW�WSPYXMSR�F]�WYFHMZMWMSR�QSHMƼIH�JVSQ�)YVSTIER�'SQQMWWMSR��������T�����
�����;LIRIZIV�
possible a subdivision into several monofunctional processes shall be performed.
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In case the physical relationship of the product and co-
product cannot be established or is not known4, economic 
allocation may be applied if the market values of the 
TVSHYGX� ERH� GS�TVSHYGXW� VIƽIGX� XLI� VIWTIGXMZI� IQMWWMSR�
shares at the point where they leave their common process. 
Additionally, the market values of the co-products shall not 
FI�WMKRMƼGERXP]�MRƽYIRGIH�F]�FVERH�IJJIGXW�SV�SXLIV�JEGXSVW�
that cause a distortion of the emission shares.

The Product Standard also allows for the use of further 
VIPEXMSRWLMTW�FIX[IIR�TVSGIWW�SYXTYXW��TVSZMHIH�XLI]�VIƽIGX�
an adequate allocation of emission shares regarding their 
impact on climate change. This proposed application of 
allocation is also consistent with the requirements of ISO 
14044 (International Organisation for Standardization, 
2006). Moreover, in case it is not obvious that one allocation 
procedure is more suitable than another, at least two different 
allocation approaches shall be applied and compared to 
EPPS[� JSV� E� NYWXMƼIH� ERH� WSYRH� MHIRXMƼGEXMSR� SJ� XLI� QSWX�
appropriate one.

Methods used for allocation (for avoidance thereof) shall 
be anyhow disclosed and consistent within one PCF study 
or between similar products and furthermore thoroughly 
HIWGVMFIH�ERH�NYWXMƼIH�

3.1.4 Interpretation of results and setting of reduction 
targets

The interpretation of PCF results aims to identify impact 
hotspots, enabling the derivation of optimization potential 
and emission reduction targets. Reporting guidelines 
further ensure extensive documentation for disclosure of 
the PCF results to provide transparency and traceability 
for stakeholders and customers. For more details on 
interpretation and optimization, please refer to GHG Protocol 
(2011).

3.1.5 Limitations of the product standard

The Product Standard provides a rather broad framework 
JSV� XLI� HIƼRMXMSR� SJ� W]WXIQ� FSYRHEVMIW� ERH� WGSTMRK�
VIGSQQIRHEXMSRW��*SV�I\EQTPI��VIKEVHMRK�HIƼRMXMSR�SJ�XLI�
unit of analysis or the respective functional unit. Usage of 

WTIGMƼG�TVSHYGX�VYPIW5  and sector guidelines is encouraged 
if available, reviewed by a reliable stakeholder group and not 
contradictory with the requirements of the Product Standard. 
As the application of product rules is not mandatory, PCF 
results are not necessarily comparable between companies, 
even if the considered product, the observed life cycle 
stages, and the underlying manufacturing processes as well 
as planned use and disposal are equal. 

(IZIPSTMRK�TVSHYGX��KVSYT�WTIGMƼG�GVMXIVME�ERH�EWWIWWQIRX�
rules is one of the overarching aims of the European 
Commission’s PEF approach at which we now take a closer 
look.

���� 2'(� CUUGUUOGPV� ť� *QNKUVKE� RTQFWEV�
GPXKTQPOGPVCN�RTQƓNG

The PEF approach aims to provide a standard in line with 
the already developed ones and, moreover, increase clarity, 
transparency, and traceability of product environmental 
MQTEGXW�� 'SRWYQIVW� [MPP� FIRIƼX� HMVIGXP]� JVSQ� MRGVIEWIH�
comparability and transparency, while a standardized 
approach can possibly reduce the evaluation and disclosure 
burden for companies. 

Since the PEF is a multi-step approach following similar main 
steps as the Product Standard, the following paragraphs 
[MPP� SRP]� LMKLPMKLX� WMKRMƼGERX� HMJJIVIRGIW� FIX[IIR� XLI� X[S�
JVEQI[SVOW�� %� WMKRMƼGERX� HMJJIVIRGI� XS� XLI� 4'*� MW� XLI�
development of so called “Product Environmental Footprint 
Category Rules” (PEFCRs) that provide additional guidance 
SR� 4)*� GEPGYPEXMSR� WXITW� JSV� WTIGMƼG� TVSHYGX� GEXIKSVMIW��
Details on PEFCRs are given at the very end of Section 3.2.

������&SYRHEV]�WIXXMRKW�ERH�WGSTI�HIƼRMXMSR

The overall scope of the PEF far exceeds that of the PCF. 
In addition to climate change, 13 further impact categories 
are measured and evaluated within a PEF study. Those 
categories include, e.g., ozone depletion and ecotoxicity for 
EUYEXMG�JVIWL�[EXIV�EW�[IPP�EW�MSRM^MRK�VEHMEXMSR��EGMHMƼGEXMSR��
ERH� HMJJIVIRX� X]TIW� SJ� VIWSYVGI� HITPIXMSR�� 7TIGMƼG� MQTEGX�
category indicators (e.g., CO2e for climate change or human 
I\TSWYVI�IƾGMIRG]� VIPEXIH� XS�9����� JSV� MSRM^MRK� VEHMEXMSR�

4 *SV�I\EQTPI��JSV�QYPXMTPI�GS�TVSHYGXW�XLEX�HS�RSX�LEZI�SRI�GSQQSR��ETTVSTVMEXI�TL]WMGEP�EPPSGEXMSR�JEGXSV�VIKEVHMRK�XLI�YRMX�SJ�EREP]WMW�
5�)�K���ETTPMGEXMSR�SJ�TVSHYGX�GEXIKSV]�VYPIW�EW�XLI]�EVI�HIƼRIH�F]�-73������������EGGSVHMRK�XS�+,+�4VSXSGSP��������T��������
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and individual impact assessment methods are assigned 
to each impact category, leading to a more restrictive 
methodological framework compared to the GHG Protocol’s 
Product Standard.

Although a PEF aims for a holistic environmental assessment, 
the methodology also allows for application of combined 
approaches where only the cradle-to-gate part of the life 
cycle is analyzed quantitatively. This is especially relevant 
for the chemical industry as a producer of intermediate 
products.

In contrast to the Product Standard, the PEF Guide always 
VIUYMVIW�XLI�HIƼRMXMSR�SJ�E�YRMX�SJ�EREP]WMW�[LMGL�ƈUYEPMXEXMZIP]�
and quantitatively describes the function(s) and duration of 
the product” (European Commission, 2013). Moreover, the 
HIƼRMXMSR� WLSYPH� MRGPYHI� XLI� JYRGXMSR� SV� WIVZMGI� TVSZMHIH��
its extent, the expected level of quality, the lifetime of the 
product and its category. 

Since a product category determines the population of 
GSQTEVEFPI� TVSHYGXW�� MXW� HIƼRMXMSR� WMKRMƼGERXP]� MRƽYIRGIW�
XLI�4)*ƅW�ETTPMGEFMPMX]��8LI�HIƼRMXMSR�SJ�E�TVSHYGX�GEXIKSV]�
should be restrictive enough for a meaningful product 
comparison while ensuring that the number of products 
MW� RSX� XSS� PMQMXIH� XS� KYEVERXII� E� WYƾGMIRX� JSYRHEXMSR� JSV�

comparability within one category. To achieve this, the 
ETTPMGEXMSR� SJ� 'PEWWMƼGEXMSR� SJ� 4VSHYGXW� F]� %GXMZMX]� �'4%�
GSHIW��)YVSTIER�7XEXMWXMGEP�3ƾGI�������SV�XLI�YWEKI�SJ�E�
consumer-centric approach is recommended. The typically 
multifunctional range of applications for chemical products 
makes assignment to a single consumer centric product 
category nearly impossible, though.

3.2.2 Data collection and data quality

The usage of a process diagram is recommended for 
data collection to display all processes and activities 
[MXLMR� XLI� HIƼRIH� W]WXIQ� FSYRHEVMIW� MR� E� W]WXIQEXMG�
and comprehensive way (cf. Figure 3). This facilitates the 
compilation of the mandatory inventory and a structured 
data acquisition in PEF studies. 

In line with the Product Standard, collection of primary data 
is preferred in PEF assessments and particularly relevant if 
results shall be used for B2B or B2C communication. 
The PEF’s overarching requirements on data quality 
in terms of technological, geographical, and temporal 
representativeness, as well as completeness and reliability 
are also congruent to the Product Standard. 

*MKYVI���7GLIQEXMG�VITVIWIRXEXMSR�SJ�E�TVSGIWW�HMEKVEQ�JSV�XLI�GSQTMPEXMSR�ERH�HIWGVMTXMSR�SJ�EPP�TVSGIWWIW�PE]MRK�[MXLMR�XLI�HIƼRIH�
system boundaries (e.g., within selected life cycle stages). To this end, a process map must cover all relevant activities not only under 
XLI�GSRXVSP�SJ�XLI�VITSVXMRK�ƼVQ�MXWIPJ��GSVI�W]WXIQ�FYX�EPWS�TVSGIWWIW�ERH�EGXMZMXMIW�SJ�XLI�GSVVIWTSRHMRK�YTWXVIEQ�ERH�HS[RWXVIEQ�
systems, if applicable. (own representation)
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3.2.3 Impact assessment

To ensure comparability of PEF results, a dedicated 
assignment of impact assessment methods to each of 
the 14 impact categories is prescribed. For the impact 
category climate change, the baseline IPCC method shall be 
ETTPMIH��8LMW�QIXLSH�VIƽIGXW�E�����]IEV�LSVM^SR�ERH�MW�XLYW��
consistent with the PCF methodology described in Section 
3.1.

(YVMRK� XLI� WS� GEPPIH� ƈGPEWWMƼGEXMSRƉ�� EPP� MRZIRXSV]� MXIQW�
must be assigned to their respective impact categories. 
Afterwards, the characterization of impact categories 
is performed through multiplication of inventory data 
with their corresponding characterization factors (e.g., 
IQMWWMSR�JEGXSVW�MR�GEWI�SJ�GPMQEXI�GLERKI��'PEWWMƼGEXMSR�
and characterization inherit the challenge of modelling 
multifunctional processes as described in Section 3.1.3. 
In the PEF, allocation shall be preferably circumvented by 
subdivision or system expansion. If unavoidable, physical 
relations should be chosen over economic relations. In 
further congruence with the PCF framework and ISO 14040 
���������GSRWMWXIRG]��HMWGPSWYVI��ERH�NYWXMƼGEXMSR�SJ�ETTPMIH�
allocation methods is always mandatory. 

3.2.4 Interpretation of PEF results and disclosure

Once the impact assessment has been completed, the 
QSWX�VIPIZERX�MQTEGX�GEXIKSVMIW�WLEPP�FI�MHIRXMƼIH��8S�XLMW�
purpose normalization and weighting may be performed, 
although neither is mandatory in the PEF. The approach of 
normalising and weighting the impact categories according 
XS�4)*�HMWTPE]W�E�WTIGMƼG�I\XIRWMSR�SJ�XLI�VIGSQQIRHEXMSRW�
of ISO 14040 and ISO 14044. In addition, normalization 
MW� GPEWWMƼIH� EW� VIGSQQIRHIH� ERH� [IMKLXMRK� EW� STXMSREP�
(European Commission, 2013, p. 2).

First, all impact assessment results are normalized by 
a reference value corresponding to reference entity and 
year. Such a reference value could be, e.g., the respective 
impact value of each impact category for Europe (observed 
entity) in 2021 (reference year). To this end, the reference 
ZEPYI�HMWTPE]W�E�Ƽ\IH�TSMRX�SJ�VIJIVIRGI�XS[EVHW�[LMGL�XLI�
impact categories of the product of interest are normalized. 
Afterwards, the normalized impact categories are weighted 
F]� ETTPMGEXMSR� SJ� [IMKLXMRK� JEGXSVW� ƈ[LMGL� VIƽIGX� XLI�
perceived relative importance of the environmental footprint 

impact categories considered” (European Commission, 
2013, p. 49). A precise guideline on the determination of 
such weights is not given in the PEF and shall generally be 
TVSZMHIH�[MXLMR�WTIGMƼG�TVSHYGX�GEXIKSV]�VYPIW�
Second, weighting of impact assessment results has the 
purpose of making them comparable given their relative 
importance. Weighting could be also used for aggregation 
of results across impact categories to obtain an aggregated 
ƼKYVI�� 8LMW� VIƽIGXW�� XLSYKL�� E� WYFNIGXMZI� TIVGITXMSR� SR�
the relative importance of each category and is rather 
informative in the context of company internal reporting.

Careful selection and determination of the reference values 
for normalization is a critical point as the relative relation of 
impact categories can lead to a distortion of their relevance.

3.2.5 Category rules for comparative assertions

Product environmental footprint category rules (PEFCRs) 
serve as supplements to the PEF guide and aim to contribute 
to a high degree of comparability between studies belonging 
to the same category. Complementary instructions reach 
JVSQ� XLI� HIHMGEXIH� WTIGMƼGEXMSR� SJ� W]WXIQ� FSYRHEVMIW�
ERH�VIPIZERX�PMJI�G]GPI�WXEKIW�SZIV�XLI�HIƼRMXMSR�SJ�XLI�YRMX�
SJ� EREP]WMW� XS� XLI� HMWGPSWYVI� SJ� TVSHYGX�GEXIKSV]�WTIGMƼG�
necessary assumptions and limitations of PEF studies.

In 2019, the European Commission’s Joint research Center 
(JRC) published the “Suggestions for updating the Product 
Environmental Footprint (PEF) method” and proposed 
the introduction of a representative product (RP) for each 
product category. However, a comprehensive and useful 
HIƼRMXMSR�SJ�WYGL�E�64�XLEX�WLEPP�HMWTPE]�ER�EZIVEKI�GEWI�JSV�
the environmental impact of a product category based on 
EPP�TVSHYGXW� MR�XLMW�GEXIKSV]�WSPH� MR�XLI�)9�[LMPI�VIƽIGXMRK�
the current technological potential is demanding (European 
Commission, 2019). The wide range of applications for 
chemical products makes it very challenging to identify 
WYMXEFPI� 64W�� 3ZIVEPP�� XLI� HIƼRMXMSR� SJ� ER� ETTVSTVMEXI� 64�
MW� ER� MXIVEXMZI� TVSGIWW� MRGSVTSVEXMRK� 64� HIƼRMXMSR�� XLI�
conduction of a PEF-RP study and the according analysis 
ERH�VIƼRIQIRX�SJ�XLI�64W�HIƼRMXMSR�

Based on PEF-RP study results, each PEFCR comes with a 
PMWX� SJ�QERHEXSV]� GSQTER]�WTIGMƼG�HEXE�ERH� �� SV� E� PMWX� SJ�
secondary data that may be used in case no primary data 
SV� HEXE�SJ� MRWYƾGMIRX� UYEPMX]� EVI� EZEMPEFPI��8LMW� JEGMPMXEXIW�
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and reduces the data collection burden for reporting 
companies while ensuring higher comparability between 
PEF studies. Moreover, dedicated guidelines for handling 
multifunctionality minimize further methodological 
differences between PEF studies within the same category.
PEFCRs also provide factors for the two optional steps 
normalization and weighting. After their application, impact 
categories may be ranked from largest to smallest. The (at 
least three) top positions contributing to at least 80% of the 
total product environmental impact are the relevant impact 
categories according to the PEFRC guide. Whereby the total 
environmental impact displays the sum of the environmental 
impacts from all categories observed. Moreover, the most 
VIPIZERX�PMJI�G]GPI�WXEKIW��TVSGIWWIW��ERH�IPIQIRXEV]�ƽS[W6  
WLEPP�FI�MHIRXMƼIH�MR�E�WMQMPEV�[E]��9Q[IPXFYRHIWEQX��������
p. 50).

To compensate for the possible distortion of relevance 
of impact categories, PEFCRs provide a balanced set of 
normalization and weighting factors. Nevertheless, a report 
from the Umweltbundesamt states that the normalization 
and weighting factors used in the pilot phase need to be 
revised to yield a more realistic representation and, moreover, 
claims that a threshold of 90% would be more appropriate 
(Umweltbundesamt, 2018, p. 89).

Overall, the interpretation of the PEF results should highlight 
IRZMVSRQIRXEP� TVSƼPI� LSXWTSXW� EPPS[MRK� JSV� MHIRXMƼGEXMSR�
of possible optimization, reduction, and compensation 
potential. The PEF guide and PEFCRs also provide detailed 
instructions for the documentation and reporting of PEF 
results to the public to ensure comparability between 
disclosed assessments.

So far, only a limited number of economic sectors and 
product categories have been covered by the PEF framework. 
In particular, the call for new members in the current 
transition phase also refers to the sectors of „Materials 
and intermediate products” as well as “Chemistry-based 
ƼREP� TVSHYGXWƈ��,IRGI�� XLI�HIƼRMXMSR�SJ� GLIQMGEPW�WTIGMƼG�
product categories, the determination of respective RPs and 
the development of PEFCRs still remains open (European 
Commission, 2018).

����2%(�QT�2'(!

Based on the discussed aspects in Sections 3.1 and 3.2, 
Table 1 provides an overview of selected requirements and 
key attributes of the two approaches. Please refer to the 
individual standards of the European Commissions (2013) 
and the GHG Protocol (2011) for details on topics not covered 
in this article like, e.g., review, assurance, or reporting.

Although the overview of the two frameworks yields no 
apparent dominance of one over the other, at a more 
attentive look differences appear.

The GHG Protocol framework displays an internationally 
valid and recognized market standard. For carbon footprints, 
the Product Standard may be preferred especially because 
of its conformity with the broadly applied Corporate 
Standard. However, if a broader assessment of the 
environmental impact is planned, the Product Standard will 
not cover impact categories other than climate change. 
Additionally, comparative assertions cannot be made if 
merely the Product Standard is followed. Here, references to 
appropriate product rules would be necessary. 

For companies in the EU, the PEF will more likely resemble 
potential future regulatory requirements, should reporting 
become mandatory. Moreover, the PEF offers guidance 
on a broader reporting framework incorporating further 
impact categories. For carbon footprints, the PCF and PEF 
frameworks are mostly consistent, with a slightly higher 
ƽI\MFMPMX]� JSV� XLI�ƼVWX� �EW�EPVIEH]�HIWGVMFIH� MR�7IGXMSR������
Nevertheless, the PEF will prospectively offer the possibility to 
be easily adapted for orientation on the soon to be published 
PEFCRs, hence allowing to also make comparisons with 
further products in the same category. 

Moreover, regarding reliability and trustworthiness, the 
reporting and disclosure of such environmental footprints 
WLEPP�FI�FEWIH�SR�TVSJSYRH�EWWYVERGI�SV�IZIR�GIVXMƼGEXMSR�
processes. To this end, the PEFCRs intend to derive uniform 
audit processes allowing for high comparability of PEFs in 
the future while the PCF already provides guidance for the 
development of a more individualized assurance process in 

��%R�IPIQIRXEV]�ƽS[�VIJIVW�XS�QEXIVMEP�SV�IRIVK]�IRXIVMRK�SV�PIEZMRK�XLI�WXYHMIH�W]WXIQ�XLEX�REXYVEPP]�SGGYVW�MR�XLI�IRZMVSRQIRX�ERH�LEW�
RSX�FIIR�TVSGIWWIH�SV�TVSHYGIH�F]�LYQER�EGXMZMXMIW��-RXIVREXMSREP�3VKERM^EXMSR�JSV�7XERHEVHM^EXMSR��������7IGXMSR������
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Topic GHG Protocol´s PCF European Commission´s PEF7

Target Audience B2B and B2C

Validity range and maturity of the 
approach 

 � Recognized, widely applied 
international market standard

 � European assessment approach 
currently under development 
(transition phase ongoing)

Overarching objectives  � -HIRXMƼGEXMSR�SJ�IQMWWMSR�
hotspots and reduction targets

 � Transparency towards 
stakeholders and public

 � In-house and external 
applications

 � Assessment of comprehensive 
and comparable environmental 
TVSƼPIW

 � In-house and external 
applications

-QTEGX�GEXIKSVMIW�
�EWWIWWQIRX�
methods

 � Assessment of one single impact 
category: climate change (incl. 
land use change)

 � Application of latest IPCC GWPs 
for 100-year horizon for all GHGs 
in the Kyoto Protocol

 � %WWIWWQIRX�SJ����TVIHIƼRIH�
impact categories

 � 7TIGMƼIH�EWWMKRQIRX�SJ�0MJI�
Cycle Impact Assessment 
(LCIA) methods to single impact 
categories

&SYRHEV]�WIXXMRK�
�WGSTMRK�
decisions

 � Preference of Cradle-to-Grave 
approach

 � Cradle-to-Gate accepted for 
intermediate products with 
YRTVIHMGXEFPI�YWI�TVSƼPIW

 � Cradle-to-Grave as default 
approach

 � Acceptance of Cradle-to-Gate 
at least in combination with 
a qualitative Gate-to-Grave 
assessment

Data quality criteria  � Technological, temporal, and 
geographical representativeness

 � Completeness
 � Reliability

 � Technological, temporal, and 
geographical representativeness

 � Completeness
 � Parameter uncertainty
 � Methodological appropriateness 

and consistency
 � For processes accounting for at 

least 70% of contributions to each 
impact category, at least “good 
UYEPMX]Ɖ�PIZIP�JSV�FSXL�WTIGMƼG�ERH�
generic data

Table 1 Summary and comparison of the essential aspects of PCF and PEF methodologies, based on the comparison of key requirements 
of the two methods in the PEF guide (European Commission, 2013, pp. 92).

Chapter 12 “Assurance” and 13 “Reporting” of the original 
publication of the GHG Protocol (2011).

Hence, an answer to the question cannot be given a priori 
and the decision should be made depending on the strategic 
plan of the company and its targets.

��4PIEWI�RSXI�XLEX�EPP�PMWXIH�EWTIGXW�VIJIV�XS�GSRHYGXMSR�SJ�E�FEWMG�4)*�WSPIP]��*YVXLIV�WTIGMƼGEXMSRW�TVSZMHIH�F]�4)*'6W�EVI�RSX�MRGPYHIH��
YRPIWW�QIRXMSRIH�I\TPMGMXP]�
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Topic GHG Protocol´s PCF European Commission´s PEF7

Data collection  � Preference of collection and 
usage of primary data, in 
particular for processes under 
the control of the reporting 
company 

 � Acceptance of usage of 
secondary data like industry 
averages accepted in case of 
missing or inappropriate primary 
data (quality)

 � Preference of primary data 
(PEFCRs explicitly specify 
processes for which collection 
and usage of primary data 
is mandatory), especially for 
processes under the control of the 
reporting company

 � Allowance for usage of generic 
data for processes not under the 
control of the reporting entity in 
case of higher appropriateness or 
representativeness of secondary 
data (e.g., primary data is missing)

 � Need for compliance of data 
sources for generic data with the 
requirements of PEF and PEFCRs 
with ELCD and ILCD as preferred 
sources

1YPXMJYRGXMSREPMX]�
�EPPSGEXMSR 1. Avoiding allocation by 
WYFHMZMWMSR��VIHIƼRMRK�XLI�YRMX�SJ�
analysis or system expansion

2. Allocation based on the 
underlying physical relationship

3. Allocation based on the 
underlying economic relationship 
or further criteria 

1. Avoiding allocation by subdivision 
or system expansion

2. Allocation based on a relevant 
underlying physical relationship

3. Allocation based on other criteria

Interpretation of results  � -HIRXMƼGEXMSR�SJ�+,+�IQMWWMSR�
hotspots

 � Uncertainty assessment (at 
least qualitative uncertainty of 
WMKRMƼGERX�TVSGIWWIW

 � Setting reduction targets
 � Comparison and tracking of 

inventory changes over time

Mandatory:
 � assessment of the robustness of 

the PEF model
 � MHIRXMƼGEXMSR�SJ�LSXWTSXW
 � estimation of uncertainty
 � conclusions, limitations and 

recommendations
Optional:

 � completeness check
 � sensitivity check
 � consistency check
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4 Conclusion

Reporting the environmental impact of chemical products 
can be challenging but is becoming almost unavoidable due 
to the growing pressure from the client and regulatory sides 
at both the local and global level. To this end, chemicals 
companies can refer to already available standards, two of 
which are outlined in this paper. Guidance on how to proceed 
and even target comparable assessments, for example 
with the goal of upselling environmentally advantageous 
products, is provided by the two frameworks discussed. 
Particular challenges arising for chemicals companies 
during implementation of the two frameworks as well as 
possible actions for handling thereof can be found at the end 
of this section (cf. Table 2).

Achieving readiness at an early stage could be advantageous 
JSV� ƼVQW�� EPPS[MRK� XLIQ� XS�QIIX� GPMIRXWƅ� I\TIGXEXMSRW�ERH�
enhancing competitiveness. Setting up a data platform 
for the attribution of sustainability KPIs at an early stage 
moreover offers further possibilities for optimization 
based on the impact analysis of single products or product 
portfolios, incentive schemes for management, transparent 
tracking of decarbonization paths and more. In any case, 
calculation of a product footprint should only be regarded 
EW�E�ƼVWX�WXIT�XS�QIEWYVI�XLI�WXEXYW�UYS�ERH�WIX�EW�[IPP�EW�
track emission reduction targets.

Activities for emissions reduction in the climate change 
impact category are, inter alia, highly dependent on the 
TVSZMWMSR�SJ�VIRI[EFPI�IRIVK]�ERH�IPIGXVMƼGEXMSR���IWTIGMEPP]�
since reduction of total energy consumption is only a 
limited option for chemicals companies. Pilot plants for 
e-crackers and green ammonia production are only two 
examples for advancements that have already been initiated 
to substantially decrease the greenhouse gas emissions of 
chemicals. Long innovation and investment cycles for highly 
WTIGMƼG�TPERXW�EPWS�GSRXVMFYXI� XS� XLI� JEGX� XLEX� WIXXMRK�ERH�
achieving reduction targets, especially in consideration of the 
time frame for the European Green Deal and the Chemicals 
Strategy, remain no easy tasks for the chemical industry.

Even with a fully functioning and comprehensive framework 
for reporting of sustainability KPIs, the task of achieving a 
greener chemistry remains a long way off.  Innovation and 
optimization with respect to new criteria is also necessary 
to keep up with the ambitious targets set by the international 
strategic trends.

Hence, in the next decades the chemical industry will face 
QER]� HMƾGYPX� GLEPPIRKIW� ERH� EX� XLI� WEQI� XMQI� TVSFEFP]�
also foster innovation of processes, corporate culture, 
and mindset. The establishment of profound and reliable 
WXERHEVH� TVSGIHYVIW� JSV� XLI� UYERXMƼGEXMSR� SJ� GLIQMGEPWƅ�
product environmental footprints will most probably be 
an essential building block for the transformation that lies 
ahead.

Topic Challenge for chemicals companies Possible approach for handling of 
challenge

PCF PEF

Boundary setting, 
especially life cycle 
scoping

 � Manifold actions in life cycle 
stages outside the system 
boundaries of chemicals 
companies, causing 
challenge in investigation 
of life cycle stages behind 
the reporting company’s 
outbound gate (cf. Figure 1) 

 � Application of the cradle-to-gate 
approach for intermediate products 

 � However, meaningfulness of 
qualitative assessment of the 
remaining gate-to-grave part, if 
applicable

X X

Table 2 Summary of the most challenging aspects in implementing the two approaches for chemicals companies and suggestions for 
handling thereof. Also, we give an indication whether the PCF or PEF framework supports the proposed solution approach by the “x” in the 
last two columns. 
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Topic Challenge for chemical companies Possible approach for handling of 
challenges

PCF PEF

(IƼRMXMSR�SJ�YRMX�
of analysis / 
functional unit

 � 'LEPPIRKI�JSV�HIƼRMXMSR�SJ�E�
meaningful functional unit 
due to manifold application 
areas of chemical products 

 � 9WYEPP]��HIƼRMXMSR�ERH�YWEKI�SJ�
a simple “unit of analysis” for 
intermediate products of complex 
ZEPYI�GLEMRW��I�K����ɸOK�SJ�GLIQMGEP�
product

X

Solving multi-
functionality

 � Often unfeasibility of 
avoiding allocation due 
to the nature of highly 
integrated and nested 
multifunctional chemicals 
production landscapes

 � Thorough assessment of at least 
two different allocation approaches 
for determination of the most 
suitable one

 � If applicable, usage of common 
allocation rules, either based on 
existing product category rules 
(PCR) or published methods, e.g., 
BASF methodology (BASF, 2021)

X X

Data availability and 
quality

 � Typically, low availability 
of activity data from 
production plants, especially 
regarding necessary 
granularity

 � Often limited availability 
and poor quality of impact 
factors from secondary 
sources

Multi-step procedure for data gathering8

1. collection, search, and usage 
of primary data, e.g., from own 
production plants and suppliers

2. usage of secondary data from 
external sources like, e.g., life cycle 
inventory databases

3. data proxies or expert judgements
4. acceptance and disclosure of data 

gaps

X

Interpretation  � 8]TMGEPP]��MRWYƾGMIRX�
comparability between 
product footprints from 
different companies 
due to relatively broad 
methodological frameworks 
and assessment rules

 � Application of common rules for 
WTIGMƼG�TVSHYGXW��I�K���4'6W��
wherever possible

 � Prospectively, application of 
PEFCRs allowing for higher 
comparability of PEF studies from 
different companies

 � Disclosure of applied methodology 
and potential shortfalls, e.g., 
regarding allocation procedures or 
data gaps

X

��3ZIVEPP��GSQTEVEFP]�LMKL�HEXE�EZEMPEFMPMX]�JSV�XLI�GPMQEXI�GLERKI�MQTEGX�GEXIKSV]�ERH�XLYW��FIXXIV�TVIVIUYMWMXIW�JSV�WSPZMRK�XLMW�GLEPPIRKI�
XLVSYKL�WXITW����Ɓ����[MXLMR�E�4'*�WXYH]�
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5 List of abbreviations 

Abbreviation Description

B2B Business-to-business

B2C Business-to-consumer

CCF Corporate Carbon Footprint

CLP 'PEWWMƼGEXMSR��0EFIPPMRK�ERH�4EGOEKMRK

CO2e CO2 equivalent

CPA 'PEWWMƼGEXMSR�SJ�4VSHYGXW�F]�%GXMZMX]

GHG Greenhouse gas

GWP Global Warming Potential

HFCs ,]HVSƽYSVSGEVFSRW

IPCC Intergovernmental Panel on Climate Change

ISO International Organization of Standardization

KPIs Key Performance Indicators

LCA Life Cycle Assessment

PCF Product Carbon Footprint

PEF Product Environmental Footprint

PEFCR Product Environmental Footprint Category Rules

PFCs 4IVƽYSVSGEVFSRW

REACH Registration, Evaluation, Authorisation and Restriction of Chemicals

RP Representative Product

UBA Umweltbundesamt (German Environment Agency)

VCI Verband der Chemischen Industrie

WBCSD World Business Council for Sustainable Development

WRI World Resource Institute
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If the world’s dependence on pharmaceutical technology 
wasn’t already obvious, COVID-19 brought a dramatic 
VIQMRHIV� EW� GSQTERMIW� PMOI� 1SHIVRE�� 4Ƽ^IV�� &MS28IGL��
ERH� .SLRWSR�
� .SLRWSR�HIPMZIVIH� RIIHIH� ZEGGMRIW��2S[��
pharma executives are seeing the success tempered by 
VIEPMX]�EW�WMKRMƼGERX�RI[�VMWOW�GLEPPIRKI�XLI�KPSFEP�WYTTP]�
chain and the industry.

While recent, pandemic-induced disruptions have 
focused attention on global supply chain vulnerabilities 
for pharmaceuticals and other industries, the challenges 
facing pharmaceutical companies are broader and deeper 
XLER�XLIWI��8LI�VIEWSR�MW�E�GSRZIVKIRGI�SJ�GSQTPMGEXMSRW��
including substantial environment, sustainability and 
governance (ESG) issues and a rising wave of government 
scrutiny, that are landing squarely on the sector’s supply 
chain vulnerabilities.

8LI� MQTEGX� MW� VIEP� ERH� EPVIEH]� ZMWMFPI�� '3:-(����VIPEXIH�
breakdowns have affected pharmaceutical companies, with 
manufacturing interruptions that have caused suspension 
of clinical drug trials in some cases and even delayed 
introductions of new key drugs. Key concerns are blocked 
supplies of needed medicines, and, as a second order, 
foregone revenue. 

8LIWI� OMRHW� SJ� TVIWWYVIW� LEZI� VIJSGYWIH� EXXIRXMSR� SR�
potential vulnerabilities in healthcare’s global supply chains 
and with it a kind of economic nationalism that is pushing 
QERYJEGXYVIVW�XS�FVMRK�XLIMV� JEV�ƽYRK�JEGXSVMIW��TVSGIWWIW��
and jobs back onshore, or establish a presence in certain 
markets.

8LI�MQTEGX�FIGSQIW�IZIR�QSVI�TVSJSYRH�[LIR�WIX�EKEMRWX�
climate and sustainability concerns that are putting real 
TVIWWYVI�SR�TLEVQEGIYXMGEPW�ERH�FMSXIGLW� XS�HIGEVFSRM^I�
their supply chains.

8S� WEJIKYEVH� XLIMV� EGLMIZIQIRXW� ERH� VIQEMR� GSQTIXMXMZI��
TLEVQEGIYXMGEP� ERH� FMSXIGL� SVKERM^EXMSRW� QYWX� TVSXIGX�
the ongoing viability of product supply networks against 
the growing risks by increasing resiliency and reducing their 
carbon footprints.

Have pharmaceuticals overcommitted to a global model?

Pushed by costs, talent shortages, and the growing availability 
SJ� SZIVWIEW� GSRXVEGX� QERYJEGXYVMRK� SVKERM^EXMSRW� �'13W��
companies in recent years have embraced biopharma supply 
GLEMRW� XLEX� VIP]� SR� WYTTPMIVW� MR� EPP� TEVXW� SJ� XLI� [SVPH�� 8LI�
resulting network is a highly interconnected global supply 
GLEMR��[MXL�WMKRMƼGERX�HITIRHIRG]�SR�GIVXEMR�GSYRXVMIWƂRSX�
SRP]�'LMRE��FYX�)EWXIVR�)YVSTI��ERH�SXLIVWƂRS[�IWXEFPMWLIH�
for active pharmaceutical ingredients (APIs), while Europe has 
FIGSQI�XLI�QENSV�I\TSVXIV�SJ�ƼRMWLIH�TVSHYGXW��*MKYVI���

8LI�GSQTPI\MX]�SJ�XLMW�KVS[MRK�RIX[SVO�FVMRKW�QEREKIQIRX�
challenges: international trade issues, increasing margin 
and cost pressures, demand uncertainty, high volatility, and 
increasingly complex technologies to manage, all in a highly 
regulated environment.

What were seen as savvy outsourcing moves that increased 
WSYVGMRK� ƽI\MFMPMX]� ERH� PS[IVIH� GSWXW� EVI� RS[� GEYWI� JSV�
concern as companies are witnessing the greater risks of 
I\XVIQI�KPSFEPM^EXMSR���8LMW�REXYVEPP]�HMJJIVW�JVSQ�GSQTER]�XS�
company. Generics players, for example, typically have more 
exposure to lower-cost country sourcing and production than 
innovative pharma companies.
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A pre-pandemic movement in the United States and Europe 
to encourage companies to shift supply chains back onshore 
has become stronger in recent months from governments 
that see increased urgency to secure supplies of essential 
QIHMGMRIW�ERH� VIHYGI�HITIRHIRGI�SR�'LMRE��8LI� VIWYPX� MW�
increasing protectionist sentiments and growing pressure to 
PSGEPM^I�WYTTP]�GLEMR�JSSXTVMRXW��

;LMPI� WTIGMƼG� PIKMWPEXMSR� ERH� VIKYPEXMSRW� EVI� IZSPZMRK�
with the changing environment, the primary concern 
for pharmaceutical and biotech companies today is 
governments that are imposing or considering various 
carrot-and-stick policies that apply indirect pressure, such as 
procurement bans, trade restrictions, and access incentives. 

-R� XLI� 97�� XLI� &MHIR� %HQMRMWXVEXMSR� ERH� PE[QEOIVW� EVI�
developing policies to strengthen domestic manufacturing in 
WIZIVEP�GVMXMGEP�MRHYWXVMIW��-R�������&MHIR�WMKRIH�ER�I\IGYXMZI�
order to review supply chains to reduce foreign dependence 
SR�OI]�XIGLRSPSKMIW��MRGPYHMRK�TLEVQEGIYXMGEPW��8EROIVWPI]�
and Swanson, 2021).

Likewise, EU leaders have expressed similar concern in 
the wake of the pandemic and subsequent supply chain 
HMWVYTXMSR�� ƈ8LI� GVMWMW� LEW� WLS[R� XLEX� [I� QYWX� GSRXMRYI�
XS� TVSHYGI� MR� SYV� GSYRXV]� ERH� SR� SYV� GSRXMRIRXƈ�� *VIRGL�
President Emmanuel Macron said in June 2020, announcing 
measures aimed at relocating pharmaceutical factories to 
*VERGI��8IPPIV�6ITSVX�������

Increasing focus on supply chain sustainability

In the wake of the pandemic, the climate discussion that has 
been brewing for a decade or so is taking on sudden urgency, 
with increasing stakeholder pressure on companies to take 
EGXMSR�SR�WYTTP]�GLEMR�HIGEVFSRM^EXMSR�

Although pharmaceuticals are not commonly grouped, in 
the public’s perception, among heavy-polluting smokestack 
industries, environmental watchdogs are calling them out, 
PMOI�SXLIV�GLIQMGEPW�GSQTERMIW��EW�E�WMKRMƼGERX�GSRXVMFYXSV�
XS�KPSFEP�GEVFSR�IQMWWMSRW��%�WXYH]�F]�&IPOLMV�ERH�)PQIPMKM�
(2019) published in the Journal of Cleaner Production found 
that the pharmaceutical industry’s carbon emission intensity 
MW���	�LMKLIV�XLER�XLI�EYXSQSXMZI�MRHYWXV]ƅW��8LI�OI]�TSMRX�
is the increased attention to the pharmaceutical industry’s 
carbon footprint. Companies’ emission levels range widely, 
EW� XLI]� EVI� HVMZIR� F]� GSQTER]� WM^I�� XIGLRSPSK]�� ERH�
XLI� SZIVEPP� TVSHYGX� WYTTP]� WIX� YT�� *SV� I\EQTPI�� TLEVQE�
companies that are producing mainly small-molecule drugs 
(based on active pharmaceutical ingredients that are made 
via chemical synthesis) have, other things being equal, 
higher emission levels than biologics.

-RZIWXSVW�EVI�XEOMRK�MX�WIVMSYWP]��&PEGO6SGO��-RG���XLI�[SVPHƅW�
largest asset management company, has set the ambitious 
goal of having all of the assets it manages (over $10 trillion 
[SVXL� VIEGL� RIX� ^IVS� IQMWWMSRW� F]� ������ -X� TYRMWLIH� ���
companies in 2020 for climate inaction, voting at annual 

*MKYVI���,MKLP]�KPSFEPM^IH�FMSTLEVQE�WYTTP]�GLEMRW�VIP]�LIEZMP]�SR�MRXIVREXMSFEP�XVEHI��-,7�1EVOMX��+PSFEP�8VEHI�%XPEW��&'+�EREP]WMW�

1 Active pharmaceutical ingredient; international harmonized system (IHS) codes 2924, 2930, 2931, 2936, 2937, 2941. 
2 Finished Product; codes 3002, 3003, 3004, 3006.
3 Figures represent trade volumes between selected geographies only calculated based on reported imports for countries. Excludes     
intraregion trade (e.g. within EU).
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meetings against the re-election of directors. Chief executive 
0EVV]� *MRO� VIEƾVQIH� ;EPP� 7XVIIXƅW� GLERKMRK� EXXMXYHIW� MR�
his annual letter to CEOs in January 2022, explaining that 
companies must “focus on sustainability not because we’re 
environmentalists, but because we are capitalists and 
ƼHYGMEVMIW�XS�SYV�GPMIRXW�Ɖ��*MRO������

“Most stakeholders – from shareholders, to employees, to 
customers, to communities, and regulators – now expect 
GSQTERMIW� XS� TPE]� E� VSPI� MR� HIGEVFSRM^MRK� XLI� KPSFEP�
IGSRSQ]�Ɖ�*MRO�[VSXI�

6IKYPEXSVW�ERH�XLI�TYFPMG�LEZI�WYWXEMREFMPMX]�MR�XLIMV�WMKLXW�
EW�[IPP��8LI�)9�TVSTSWIH�XSYKLIV������IQMWWMSRW�XEVKIXW��
with potential impacts for chemicals and pharmaceutical 
manufacturers, (European Commission, 2021) and polls 
show growing numbers of consumers are demanding 
TSWMXMZI�GLERKI�JVSQ�XLI�GSQTERMIW�XLI]�FY]�JVSQ��2MIPWIR�
IQ, 2019).

And the goals will become harder, not easier, to achieve, 
as more companies attempt to address Scope 3 carbon 
IQMWWMSRW�� %GGSVHMRK� XS� XLI� +VIIRLSYWI� +EW� �+,+�
Corporate Protocol, part of the global carbon emissions 
framework on climate change, Scope 1 refers to emissions 
GVIEXIH�HMVIGXP]�F]�XLI�SVKERM^EXMSR��7GSTI���IQMWWMSRW�EVI�
those created by power companies and utilities that supply 
a company’s energy. Scope 3 emissions designate pollution 
GVIEXIH�F]�ER�SVKERM^EXMSRƅW�I\XIRHIH�RIX[SVO�SJ�WYTTPMIVW�
ERH� GYWXSQIVW�� &IGEYWI� XLI� SVKERM^EXMSR� HSIWRƅX� HMVIGXP]�
control these emissions, identifying, measuring, and reducing 
XLIQ� MW� QYGL� QSVI� HMƾGYPX�� &YX� XS� IRZMVSRQIRXEPMWXWƂ
ERH�� MRGVIEWMRKP]�� MRZIWXQIRX� PIEHIVW� PMOI� &PEGO6SGOƂMX�
is becoming an important area of focus because the vast 
majority of emissions (percentages in the 80s and 90s are 
X]TMGEP� JEPP�YRHIV�7GSTI����*MKYVI����&'+�EREP]WMW4). While 
XLI�+,+�4VSXSGSP�VIUYMVIW�GSQTERMIW�XS�MHIRXMJ]�ERH�VITSVX�
Scope 1 and 2 emissions, more companies are trying to 
identify Scope 3 emissions as part of their carbon reduction 
planning.
'SQTERMIW� EVI� GPIEVP]� XEOMRK� XLI� MWWYI� XS� LIEVX� EW� [IPPƂ
and that, in turn, puts pressure on peers that lag behind. 
'SVTSVEXI� GSQQMXQIRXW� EVI� KVS[MRK� WMKRMƼGERXP]�� 3ZIV�
2,000 companies, across industries, have pledged to meet 
science-based targets, as of the end of 2021, roughly double 
compared to a year earlier (Eckart et al., 2022).

Several pharmaceutical companies (e.g., Abbvie, 
%WXVE>IRIGE�� &17�� +7/�� .SLRWSR� 
� .SLRWSR�� 1IVGO��
2SZEVXMW� ERH� SXLIVW� LEZI� GSQQMXXIH� XS� WGMIRGI�FEWIH��
GEVFSR�RIYXVEP�� ERH� RIX�^IVS� XEVKIXW�� JSV� FSXL� 7GSTI�
1-2 emissions (targets ranging from 2025 to 2040) and 
EPWS� 7GSTI� �� IQMWWMSRW� ������ XS� ������ WII� *MKYVI� �� 

A study by My Green Lab (2021) concludes that just 4% 
of the world’s largest publicly-traded pharmaceutical and 
biotech companies have adopted climate commitments 
XLEX�EPMKR�[MXL�XLI�92ƅW�-RXIVKSZIVRQIRXEP�4ERIP�SR�'PMQEXI�
Change (IPCC) to limit global warming to 1.5 °C.

The way forward for pharmaceutical supply chains

Pharmaceutical companies must take action to cope with 
increasing threats from political and natural risks as well 
as global climate requirements, and network resiliency 
and sustainability must be top priorities. If there is a silver 
lining in this, it is that the global supply chain is a vector for 
numerous risks, and companies may be able to address 
QYPXMTPI� XLVIEXWƂGPMQEXI�� KSZIVRQIRX� TVIWWYVI�� FYWMRIWW�
VIWMPMIRG]ƂXLVSYKL�MQTVSZIQIRXW�MR�XLMW�SRI�GVMXMGEP�EVIE�SJ�
the business. 

8S�FI�WYVI�� MX� MW�E�ZIV]�GSQTPMGEXIH�XEWO��ERH�MX�VIUYMVIW�ER�
end-to-end view along the whole supply chain. Given the 
range of disruptions and company product supply setups, 
TVMSVMXM^IH�ERH� XEMPSVIH� WXVEXIKMIW�EVI� VIUYMVIHƂXLIVI� MW� RS�
SRI�WM^I�ƼXW�EPP�WSPYXMSR�

An appropriate, strategic approach will entail identifying 
areas with the highest risks, evaluating risk tolerances, 
establishing redundancies, installing risk mitigation 
strategies, and actively engaging suppliers and customers 
regarding carbon emissions.

Companies must begin with appropriate assessments of 
supply chain risks, for the improvement of resiliency, and of 
emissions challenges, to enhance sustainability.

2I\X��GSQTERMIW�WLSYPH�ZMI[�WXITW� XS�FYMPH� VIWMPMIRGI�ERH�
sustainability through a double lens of a) impetus to change, 
and b) ease of adjustment. Impetus to change requires an 
assessment of the magnitude of supply chain risks, how 
essential a product is for patients as well as company 

4 BCG analysis refers to internal, non-disclosed analyses based on client data and company information.
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revenue, and current and future regulatory requirements. 
8LI� SXLIV� VIUYMVIQIRX�� IEWI� SJ� EHNYWXQIRX�� HIQERHW� ER�
YRHIVWXERHMRK� SJ� XLI� GSQTEVEXMZI� HMƾGYPX]� MRZSPZIH� MR�
EHNYWXMRK� XLI� GYVVIRX� TVSHYGX� WYTTP]� WIXYT�� 8LMW� MRGPYHIW�
numerous inputs, such as technical feasibility, capabilities 
and skills, regulatory factors, costs, and interdependencies 
and redundancies in the production network.

;LMPI� IEGL� SVKERM^EXMSRƅW� ETTVSEGL� [MPP� HITIRH� SR� MXW�
particular circumstances, companies have a range of levers 

XLI]� GER� YWI�� 8S� MQTVSZI� VIWMPMIRG]�� STXMSRW� VERKI� JVSQ�
reevaluating the make-versus-buy strategy to reshoring part 
of the manufacturing footprint to protect against country 
VMWOW��*MKYVI����8S�EHHVIWW�7GSTI���IQMWWMSRW��GSQTERMIW�
can work with existing API suppliers or qualify new suppliers 
to shift the manufacturing base to improve overall carbon 
emissions. In downstream areas they can reconsider the 
distribution strategy, such as the mix of transportation 
modes or moving distribution centers closer to end markets.

*MKYVI���1ENSVMX]�SJ�IQMWWMSRW�MR�TLEVQE�JEPP�YRHIV�7GSTI����'SQTER]�%RRYEP�6ITSVXW��&'+�EREP]WMW�

*MKYVI���4LEVQE'SW�WIX�EQFMXMSYW�XEVKIXW��MRGPYHMRK�7GSTI����2IX�^IVS�IQMWWMSRW�EGVSWW�JYPP�ZEPYI�GLEMR�JSV�&MSTLEVQE��%WXVE>IRIGE��
������+7/��������6SGLI��������2SZEVXMW��������7ERSƼ��������&'+�EREP]WMW�

5 Science Based Targets initiative. This is a list of representative companies that have publicly announced SBTi targets (approved and 
committed to be approved within 24 months). The list is non-exhaustive by nature and does not mean that companies that are not listed 
here do not have set targets. 
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8LI� XMQI� LSVM^SRW� JSV� HMJJIVIRX� WXITW� ZEV]� [MHIP]�� *SV�
example, we see more and more companies discussing 
a region-to-region, product supply-network approach. 
Changing supply routes, building new sites, and the like, 
XEOIW� XMQIƂ]IEVW� VEXLIV� XLER� QSRXLW�� ERH� QMKLX� RSX� FI�
economically feasible for every product given the regulatory 
VIUYMVIQIRXW�� *YRHEQIRXEPP]� EHNYWXMRK� KPSFEP� WYTTP]�
networks will be a multi-year journey, and an important part 
of a coherent strategy to promote a resilient and sustainable 
product supply network.
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