Research Policy 38 (2009) 885–893

Contents lists available at ScienceDirect

Research Policy
journal homepage: www.elsevier.com/locate/respol

Environmental management systems and technological environmental
innovations: Exploring the causal relationship
Andreas Ziegler a,b,∗ , Jazmin Seijas Nogareda c
a
b
c

University of Zurich (Center for Corporate Responsibility and Sustainability), Künstlergasse 15a, 8001 Zurich, Switzerland
Swiss Federal Institute of Technology (ETH) Zurich (Center of Economic Research), Zürichbergstrasse 18, 8032 Zurich, Switzerland
Swiss Federal Institute of Technology (ETH) Zurich (Center for Comparative and International Studies), Seilergraben 49, 8092 Zurich, Switzerland

a r t i c l e

i n f o

Article history:
Received 13 October 2008
Received in revised form 19 January 2009
Accepted 20 January 2009
Available online 3 March 2009
Keywords:
Voluntary environmental programs
Environmental management systems
ISO 14001
EMAS
Environmental product and process
innovations

a b s t r a c t
Within the discussion of voluntary proactive approaches to environmental protection, former microeconometric studies analyze the causal effect of the adoption of environmental management systems
(EMS) on technological environmental innovations and ﬁnd some positive impacts. Based on empirical
studies which consider the effect of general innovativeness on the adoption of voluntary environmental
programs (VEP) as well as based on insights from the resource-based view of the ﬁrm, we contrarily
hypothesize in this paper that EMS could also reversely be affected by environmental product or process
innovations. This hypothesis is empirically examined with a unique ﬁrm-level data set from the German
manufacturing sector. Our econometric analyses with uni- and multivariate probit models imply a signiﬁcantly positive effect of environmental process innovations on certiﬁed EMS. According to this, the
causal relationship between EMS and technological environmental innovations is obviously not clear.
© 2009 Elsevier B.V. All rights reserved.

1. Introduction
Environmental regulation in the past has traditionally taken the
form of mandatory command and control regulations, for example,
by imposing quantity limits on emissions or by prescribing speciﬁc abatement technologies (e.g., Khanna, 2001). While this policy
has signiﬁcantly reduced industrial pollution, it has been criticized as being inﬂexible and cost-ineffective. Therefore, economic
incentives such as taxes and tradable permits have become much
more common. However, the efﬁcient designing of such instruments for numerous different pollutants is rather sophisticated
and costly. Furthermore, opposition from industry has often hindered the introduction of such policies (e.g., Arimura et al., 2008).
As a consequence, in recent years voluntary proactive approaches
to environmental protection are considered useful supplements
to traditional mandatory command and control regulations and
economic incentives (e.g., Khanna and Damon, 1999; Alberini and
Segerson, 2002).
In this respect, voluntary environmental programs (VEP) such
as public VEP (e.g., 33/50, initiated by the U.S. Environmental Protection Agency) or negotiated agreements between business and
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government play an important role (e.g., Koehler, 2007). Another
central VEP are unilateral agreements by ﬁrms regarding environmental management systems (EMS). The most important program
in this respect is ISO 14001, which comprises standards for EMS
that must be adopted (e.g., Potoski and Prakash, 2005b). ISO
14001 is sponsored by the International Organization for Standardization (ISO), an international body of national standards
institutions (e.g., Potoski and Prakash, 2005a). Another prominent European VEP for EMS is EMAS (Eco-Management and Audit
Scheme). Finally, single voluntary environmental management
practices (EMP) – such as the establishment of internal standards,
goals, and policies for environmental performance improvement –
without formal certiﬁcation according to ISO 14001 or EMAS are
also considered important voluntary approaches to environmental
protection.
Supporters of VEP (and single EMP) claim that these approaches
not only are more ﬂexible and cheaper instruments, but also
especially lead to an improvement in corporate environmental
performance. Against this background, the European Commission currently strongly fosters EMAS as “[. . .] a powerful
tool for managing and reducing the environmental impacts of
industrial plants and institutions.” (http://ec.europa.eu/enterprise/
environment/sip.pdf). In Germany, EMAS certiﬁed facilities beneﬁt
from regulatory relief and from more and higher subsidies based on
the EMAS privilege regulation (e.g., Wätzold and Bültmann, 2001).
In contrast, critics consider VEP as “greenwashing” because they
fail to lead participants to clean their operations due to absent
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signiﬁcant obligations or enforcements (e.g., Potoski and Prakash,
2005a).
As a consequence, former micro-econometric studies analyze
the causal effect of VEP and single EMP on corporate environmental performance (e.g., Dasgupta et al., 2000; Vidovic and Khanna,
2007). Other studies consider their effect on technological environmental innovations (e.g., Wagner, 2007) as a speciﬁc measure
for environmental performance. Such environmental product and
process innovations are clearly more complex indicators for environmental performance than restricted one-dimensional measures
such as toxic emissions (e.g., Vidovic and Khanna, 2007) or the compliance with environmental regulations (e.g., Dasgupta et al., 2000).
In particular, they receive increasing attention from policy makers
and academics because they do not only produce spillovers of innovations, but additionally limit environmental burden and therefore
lead to further positive externalities.
While empirical evidence regarding the effect of VEP or single EMP on corporate environmental performance is overall mixed
(e.g., Vidovic and Khanna, 2007, report insigniﬁcant effects of the
participation in 33/50), it appears that certiﬁcations according to
ISO 14001 have positive impacts, at least more positive impacts
than the adoption of other VEP (e.g., Darnall and Sides, 2008). As
a consequence, Arimura et al. (2008), for example, conclude that
corresponding promotions of ISO 14001 by governments are effective with respect to environmental protection. The support of ISO
14001 can be strengthened by studies which show that its adoption
has some speciﬁc positive effects on technological environmental
innovations (e.g., Ziegler and Rennings, 2004).
Based on empirical studies that consider the effect of general
corporate innovativeness on the adoption of VEP as well as based
on insights from the resource-based view of the ﬁrm, however, we
contrarily hypothesize that the adoption of VEP such as ISO 14001
or EMAS could also be reversely affected by environmental product and process innovations. According to this, ﬁrms which already
realized such speciﬁc innovations in the past, for example, due to
market or competition factors are more likely to possess environmental capabilities in having overcome management barriers such
as the lack of ﬁnance or know-how at least once before.
To test this hypothesis, we apply a unique ﬁrm-level data set
from the German manufacturing sector (which is already used
in the aforementioned study of Ziegler and Rennings, 2004). Our
econometric analysis with uni- and multivariate probit models
ﬁnds a signiﬁcantly positive effect of environmental process innovations on the certiﬁcation of EMS. According to this, a positive
correlation seems to exist at least to some extent, but the causal
relationship between the adoption of ISO 14001 or EMAS and technological environmental innovations is obviously ambiguous.
However, even the occurring positive correlation can be challenged since theoretically the resource-based view of the ﬁrm
also implies that unobserved intangible corporate environmental capabilities could simultaneously inﬂuence both environmental
activities. As a consequence, the respective parameter estimates
could be biased and inconsistent due to omitted unobserved ﬁrm
heterogeneity (as a speciﬁc type of omitted explanatory variables)
and therefore due to endogeneity problems. We conclude that
panel data over several years – which are not available for technological environmental innovations yet – are needed in the future
to perform robust econometric analyses since these data, unlike
cross-sectional data, are able to control for unobserved ﬁrm characteristics. Such panel data studies will be a more appropriate basis
for robust conclusions regarding voluntary proactive approaches to
environmental protection for environmental policy.
This paper is structured as follows: in Section 2, we discuss the
conceptual approach of the relationship between ISO 14001 and
EMAS as speciﬁc VEP and technological environmental innovations.
Section 3 reviews the empirical literature on the adoption of VEP

or single EMP and corporate environmental performance. Section 4
explains the data, the variables, and the approach for our econometric analysis. In Section 5, we present the results and the ﬁnal section
discusses our new ﬁndings together with former estimation results
and draws some conclusions.

2. Conceptual approach
2.1. ISO 14001 and EMAS as speciﬁc VEP
VEP can be deﬁned as “programs, codes, agreements, and commitments that encourage organizations to voluntarily reduce their
environmental impact beyond the requirements established by
the environmental regulatory system” (e.g., Darnall and Sides,
2008). They can be classiﬁed as public VEP, negotiated agreements
between business and government, and unilateral agreements by
ﬁrms (e.g., Khanna, 2001; Alberini and Segerson, 2002; Koehler,
2007; Henriques and Sadorsky, 2008). Public VEP are established
by governments’ environmental agencies to invite ﬁrms to voluntarily meet speciﬁc standards or adopt clean technologies. The most
common public VEP is 33/50. It was launched by the U.S. Environmental Protection Agency in 1991 and aimed at reducing aggregate
emissions of 17 chemicals reported to the Toxic Release Inventory
(TRI) by 33% by 1992 and 50% by 1995 relative to the emissions in
1988. Other examples of public VEP in the U.S. include Green Lights,
Waste Wise, and Climate Wise.
Negotiated (bilateral) agreements between business and government involve governments’ environmental agencies negotiating
with a ﬁrm or trade association on abatement targets and plans.
Examples of this VEP comprise the Common Sense Initiative and
Project XL in the U.S. or Voluntary Climate Agreements in the
UK. Finally, under unilateral agreements by ﬁrms (or “businessled initiatives”), abatement actions are initiated by the polluters
themselves without direct government involvement. One common
example for this VEP is the Responsible Care Initiative which was
developed by the Chemical industry in Canada in 1984 and since has
spread to numerous countries. It is an elaborate EMS that includes a
statement of moral obligations regarding the responsible management of chemicals.
However, the most important business-led initiative is ISO
14001 which is sponsored by ISO, an international body of national
standards institutions (e.g., Potoski and Prakash, 2005a). This organization has established standards for EMS that must be adopted
for a certiﬁcation according to ISO 14001, i.e. a facility must undertake an initial comprehensive review of its environmental practices
and systems, formulate and implement an action plan for environmental management, identify internal governance responsibilities
for environmental issues, and have a plan to correct environmental problems (e.g., Potoski and Prakash, 2005b). Furthermore, the
certiﬁcation requires third-party audits. ISO 14001 – launched
in 1996 – is in the meanwhile the most widely adopted VEP in
the world. By the end of December 2006, about 130,000 facilities were ISO 14001 certiﬁed overall. Germany ranks seventh
with 5800 certiﬁcations, behind Japan (21,779), China (18,979),
Spain (11,205), Italy (9825), the U.S. (8081), and Korea (5893)
(http://www.ecology.or.jp/isoworld/english/analy14k.htm).
EMAS has been introduced 1993 by the European Commission in the context of its Fifth Environmental Action Programme
“Towards Sustainability” (e.g., Wätzold and Bültmann, 2001). The
adoption of EMAS requires facilities – besides third-party audits
with independent environmental veriﬁers and registration bodies
– to publish an environmental statement. EMAS certiﬁed facilities
in Germany beneﬁt from regulatory relief and from more and
higher subsidies based on the EMAS privilege regulation. Certiﬁed
facilities have reduced approval process and audits in the ﬁeld

