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Abstract

Based on a unique dataset derived from interviews with managers of 770
manufacturing firms in six European countries, we construct a firm level in-
dicator of climate change related innovation and econometrically estimate the
impact of the EU Emissions Trading System (EU ETS) on such innovation.
We find that the majority of firms in our sample engage in climate change
related innovation, and that this effort is mainly focused on process innova-
tion rather than product innovation. There are significant differences in the
propensity to innovate across countries, even after controlling for differences
in industrial structure. Further, we find that firms expecting less generous
allocations of free permits in the third phase of the EU ETS tend to innovate
more. We devise a regression discontinuity design to explore the causal effect
underlying this correlation. We find a discrete drop in innovation effort around
thresholds set by the EU Commission which exempt both carbon intensive and
trade exposed industries from permit auctions. This suggests that allocating
permits for free causes a reduction in clean innovation. This contradicts the
“independence hypothesis” of emissions trading whichstates that the initial
allocation of permits has no effect on firm behaviour.
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1 Introduction

In advanced economies, the industrial sector is directly responsible for about a third
of greenhouse gas (GHG) emissions (IEA, 2009). Understanding the drivers and
barriers that affect company behavior related to climate change is therefore essential
to design effective policies for reducing emissions, which aim to prevent dangerous
levels of global warming. “Clean” innovation is critical for achieving the transition
to a low-carbon economy, and private-sector firms are key players when it comes to
investments in research and development (R&D). The relationship between “clean”
R&D investments and climate change policy becomes all the more relevant if the
fruits of these investments spill over across international borders and help to reduce
emissions in countries with few or no climate change policies. Currently, some view
this possibility as the main justification for European climate change policy, given
that EU emissions reductions alone would not be sufficient to prevent dangerous

global climate change from occurring.

To date, the empirical evidence on what firms are doing (or not) to curb GHG
emissions is rather limited.! This paper examines the link between climate change
regulation, investment and innovation, using detailed survey data for a representa-
tive sample of firms. The data were collected by interviewing managers on climate-
change and energy related issues using a novel method that circumvents various
types of bias that plague more traditional survey formats. Between August and
October 2009, we collected data on approximately 800 manufacturing firms in six

European countries using this approach.

Based on this dataset, we obtain a number of new descriptive results on climate
friendly innovation. We find that most firms (70% of the sample) engage in what
we call "clean process innovation” — formal or informal R&D aimed at curbing emis-
sions and/or energy consumption. A smaller proportion (40%) is also pursuing
“clean product innovation”; i.e. R&D aimed at developing products that can help
customers to reduce their emissions. There are significant differences between coun-
tries when it comes to clean innovation. According to our study, most active on
product innovation is Germany whereas process innovation is highest in France.
The lowest levels of innovative activities are observed in Hungary and Poland. Also,
this study shows that firms expect carbon prices to be considerably higher in the
future, compared with current levels in the EU ETS. We find an average expected

carbon price of €40 for the post-2012 trading period. Compared to the current

1See Martin, Muiils, and Wagner (2012c) for a comprehensive survey of the empirical evidence
to date.



trading period (Phase II, from 2008 to 2012), firms expect the imposition of tighter
caps for Phase III, starting in 2013. The proportion of firms reporting that their
allowance allocation does not place a binding limit on their emissions falls from 40%
in Phase II to less than 10% in Phase III.

Apart from descriptive statistics, we use regression analysis to analyze the relation-
ship between climate policy and innovation. We provide two pieces of evidence in
support of a causal link between company-specific caps — i.e. the amount of al-
lowances companies receive for free in the EU ETS — and “clean” R&D by firms.
First, we find that “clean” innovation is positively associated with the expectations
firms hold about the future stringency of their cap. This relationship is robust to

including a broad range of control variables.

Second, we find that firms within the EU ETS which are just below the thresholds
established for free allowances are engaging more strongly in climate change related
innovation than firms that are just above the threshold (and thus will continue to
receive free allowances). There is a discontinuity in both expected stringency as well
as “clean” innovation at the thresholds that are implied by the latest set of criteria
that the European Commission has proposed for allocating free emissions allowances
after 2012.2 This result suggests that the ongoing practice within the EU ETS, of
generously allocating allowances for free to manufacturing industries leads to less

innovation than would otherwise be the case.

The remainder of this paper is organized as follows: Section 2 describes the process of
interviewing managers about various aspects of company behavior related to climate
change. Section 3 provides summary statistics of our innovation measures as well
as regarding future expectations. Section 4 examines the link between innovation,

future expectations and climate policy. Section 5 concludes.

2 Interviewing managers

2.1 Interview Methodology

Our survey builds upon and substantially extends previous work on climate change
policies and management practices (Martin, Muils, De Preux, and Wagner, 2012a).

We conduct structured telephone interviews with managers at randomly selected

2The Commission takes this decision for each sector based on its carbon intensity and trade
exposure. Section @ explains this in more detail.



manufacturing facilities in Belgium, France, Germany, Hungary, Poland and the
UK. The interview setup follows the management survey design pioneered by Bloom
and van Reenen (2007), in that the interviewer engages interviewees in a dialogue
with open questions that are meant not to be answered by “yes” or “no”. On the
basis of this dialogue, the interviewer then assesses and ranks the company along
various dimensions. Note that interviews follow a a “double-blind” setup: intervie-
wees do not know that the interviewers are scoring their answers and interviewers
do not know performance characteristics of the firm they are interviewing. This in-
terview format is designed to avoid several sources of bias common in conventional
surveys (Bertrand and Mullainathan, 2001). For instance, experimental evidence
shows that a respondent’s answers can be manipulated by making simple changes
to the ordering of questions, to the way questions are framed, or to the scale on
which respondents are supposed to answer. By asking open-ended questions and by
delegating the task of scoring the answers to the interviewer, we seek to minimize
cognitive bias of this type. Possible cognitive bias on the part of the interviewers can
be controlled for using interviewer-fixed effects in the regression analyses. Another
common observation with survey data is that respondents are tempted to report at-
titudes or patterns of behavior that are socially desirable but may not reflect what
they actually think and do. This problem may be exacerbated in situations where
respondents do not have a definite attitude toward the issues they are asked about
but are reluctant to admit that. Our research design addresses this issue in two
ways. First, the interviewer starts by asking an open question about an issue and
then follows up with more specific questions, or asks for some examples in order
to evaluate the respondent’s answer as precisely as possible. Second, the results of
the interviews are then linked to independent data on economic performance, as a

validation exercise.

2.2 Interview Practice

Using the ORBIS database maintained by Bureau Van Dijk we obtained contact de-
tails for 44,605 manufacturing firms in Belgium, France, Germany, Hungary, Poland
and the UK?. We randomly selected companies from that list to solicit an interview.
To ensure sufficient coverage of firms subject to the EU ETS (hereafter, EU ETS
firms), we also sampled manufacturing firms at random from the Community Inde-
pendent Transaction Log (CITL) in these countries. Interviewers made “cold calls”

to production facilities (not head offices), gave their name and affiliation with the

3For more details on the survey, see Anderson et al. (2011)
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Table 1: Interview response rates by country

#of ETS # of Non

f f Firm . . Total Firm R n
Intervi#:vf/)s In#‘:e(;viewes .Flrms ETS Emns (()Ztgntacteg Refused esp(l){astz
Interviewed Interviewed

Belgium 134 131 85 46 178 47 0.74
France 141 140 92 48 238 98 0.59
Germany 139 138 95 43 337 199 041
Hungary 69 69 37 32 90 21 0.77
Poland 78 78 57 21 140 62 0.56
UK 209 205 63 142 468 264 0.44
Total 770 761 429 332 1451 691 0.52

Notes: There are more interviews than interviewed firms as we conducted several
interviews with different partners in a small number of firms.

London School of Economics and then asked to be put through to the environmental
manager. In the case of EU ETS firms, interviewers asked for the person responsible
for the EU ETS, as it is listed in the CITL. Table 1 reports the number of calls made

and various statistics about the response rates.

An ordinal scale of 1 to 5 was adopted to measure various management practices
related to climate change. For each aspect of management ranked in this way,
interviewers were instructed to ask a number of open questions. Questions were
ordered such that the interviewer started with a fairly open question about a topic
and then probed for more details in subsequent questions, if necessary. The goal
was to benchmark the practices of firms according to common criteria. For instance,
rather than asking the manager for a subjective assessment of the management’s
awareness of climate-change issues, we gauged this by how formal and far-reaching
the discussion of climate-change topics is in current management. To verify the
consistency of the interviewer’s scoring, a subset of randomly selected interviews

was double-scored by a second team member who listened in.

The questionnaire is divided in four sections (cf. Appendix B). The first section
examines the current and anticipated future effects of the EU ETS. The second
section deals with prices for energy and CO,, competition and other external drivers
of climate-change related management practices. The third section inquires about
specific measures that were adopted by firms and others which were considered but
eventually discarded. The last section gathers information on relevant company

characteristics.



Figure 1: Distribution of the Clean Innovation Scores
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Notes: The figures show a histogram of the scores for each of the two types of clean
innovation reported by interviewed firms.

3 Descriptive evidence from interviewing managers

3.1 Clean Innovation

Innovation is an important path for firms to reduced GHG emissions abatement.
On the one hand, a company can invest into finding cleaner production processes
which help to reduce emissions on site. On the other hand, the company can de-
velop new products that are cleaner and thereby reduce emissions of the customer.
Figure 1 shows the distribution of the interview scores for clean process and prod-
uct innovation.* An example of a clean process innovation is the development of a
less energy-consuming way to transform limestone into quicklime. An example of
clean product innovation is the invention of a new tyre with which cars consume
less petrol. We find that almost 70% of firms are engaging in some form of clean
process innovation, but less than 40% engage in clean product innovation. Figure
2 shows that clean product innovation is more likely to occur in firms that are also

conducting clean process innovation.

Figure 3 examines whether there are differences in clean innovation between coun-
tries in our sample. There is clearly a gap between Western and Central/Eastern
European countries, with Poland and Hungary lagging behind, both in terms of

process and of product R&D. France emerges as the leader in clean process innova-

4The clean process and product innovation measures are throughout this paper taken from the
survey responses and we hereafter use interchangeably the term innovation and R&D.



Figure 2: The relative frequency of clean process and product innovation
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Notes: The figure shows a histogram of the types of clean innovation reported by inter-
viewed firms.

Table 2: Sectors according to their focus on clean innovation

Clean Product Innovation
below average above average
- Ceramics; - Machinery & Optics;
below average - Fabricated Metals - Oth.er Basic Metals;
- Food & Tobacco - Vehicles
Clean Process i Pub!ishing
Innovation - Textile Leather
- Cement; - Glass
- Chemicals & Plastic; - Other Minerals
above average - Fuels; - TV & Communication
- Iron & Steel;
- Wood & Paper

tion whereas Germany leads in clean product R&D. The second panel of Figure 3
explores whether these differences are driven by differences in the specialization of
the various economies across sectors. The figures report average differences between
countries while controlling for the 3-digit sector.® This makes the differences found
in the first panel even more pronounced, suggesting that they are not driven by

differences in industrial composition.

Figure 4 reveals sizeable differences in clean innovation across sectors and between
types of innovation. In Table 2, we use this information to group sectors according
to their focus on clean technologies. Only three sectors — Glass, Other Minerals
and TV & Communication — have above-average scores in both product and process

innovation.

5We use the NACE rev. 1.1 classification of the ORBIS data



Figure 3: Differences in clean innovative activities between countries
No industry controls
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Notes: Each graph shows the average difference - conditional on noise controls - between firms from
different countries in terms of the interview scores for process and product innovation described
in Figure 1. Stars indicate if these deviations are statistically significant and at what significance
level: ***=1%, **=5%, *=10%.



Figure 4: Differences in clean innovative activities between industries
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Fuels(15)"** Fuels(15)
Glass(31)"™* Glass(31)"
Iron&Steel(39)"** Iron&Steel(40)
Machinery&Optics(75) Machinery&Optics(76)"**
OtherBasicMetals(10) OtherBasicMetals(10)"
OtherMinerals(7)* OtherMinerals(8)***
Publishing(23) Publishing(22)
TVCommunication(i1) TVCommunication(11)**
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(a) Process Innovation (b) Product innovation

Notes: Each graph shows the average difference - conditional on noise controls - between firms
from different sectors in terms of the interview scores for process and product innovation described
in Figure 1. Stars indicate if these deviations are statistically significant and at what significance
level: ***=1%, **=5%, *=10%.

3.2 What firms expect

Investment decisions depend on the expectations held by investors. In order to elicit
this information, the interview included a number of questions on expectations.
This section reports on our findings, starting with an examination of differences in
these expectations between firms, countries and sectors. Subsequently, we discuss

expectations about future characteristics of the EU ETS.

3.2.1 Prices

Figure 5 shows the distribution of the expected price of emitting one tonne of carbon
dioxide in 2020. Forecasts range between 0 and 500. The median price reported is
€30, the mean €40. There are substantial differences, not only between different
firms but also between countries and sectors, as shown in Figure 6. French firms
expect a much higher price, of €50 on average, whereas UK firms expect a more
modest €28, on average. Across sectors, the highest price is expected by firms in
TV and Communication, with an average of €78, the lowest by firms in the Fuels
sector, at close to €23. There is also a sizeable variation across sectors and countries
with respect to the mere existence of a price expectation. Figure 7 shows that more
than 80% of interviewed Polish managers actually have a carbon price expectation
versus less than 5% of the Hungarian managers that we interviewed. At the sector
level, the highest proportion of firms with an expectation occurs in the Glass sector

(55%), whilst the lowest percentage is only 18%, in Machinery and Optics. We also
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Figure 5: Distribution of price expectations
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Notes: The figure shows a histogram of the price of a tonne of CO2 that interviewed firms
expect on the EU ETS market.

Figure 6: Price expectations across industries and countries
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(a) Across countries (b) Across sectors
Notes: The figures show average carbon price expectations for 2020 for all interviewed firms that

reported price expectations (i.e. both EU ETS and non EU ETS firms).

asked interviewees about their knowledge of the current price of a tonne of COy on
the EU ETS, as a way of gauging their awareness of the market and the potential
integration of this price in investment and trading decisions. Again, there is a lot of
variation between sectors and countries, as shown in Figure 8, with Poland and the

Fuels industry exhibiting the largest shares of managers aware of the carbon price.

3.2.2 Expected stringency of EU ETS

We also asked firms about their expectations regarding the stringency of the cap on
emissions implied by their participation in Phase III of the EU ETS. Put differently,

we wanted to know how hard it would be for them to limit their future emissions to
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Figure 7: Existence
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Notes: The figures show what proportion of firms in a country or a sector reported a carbon price
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expectation in our sample.

Figure 8: Knowledge about current prices
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(a) Across countries
Notes: The figures show what proportion of firms in a country or a sector knew the current carbon

price in the EU ETS.
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Figure 9: Expected stringency and current perceived stringency
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Notes: The figure for Trading Phase II shows how stringent firm-specific caps are perceived to
be. The figure for Trading Phase III shows what stringency firms expect for the Trading Phase
starting in 2013

the amount they receive in free allowances (or how expensive if they do not reduce
their emissions, and need to buy allowances). A firm’s response to this question
should depend on (i) how costly it would be to reduce its emissions, on (i) how
many allowances it receives for free and on (iii) the price they expect on the market
and therefore the expected overall allocation. We asked a similar question regarding
the stringency of the cap imposed by the current Phase II of the trading system.
Figure 9 reports on the resulting scores. Firms clearly expect more stringent caps
for Phase III. The proportion of firms answering that the cap they receive will allow
them to continue under business-as-usual terms declined, from almost 40% to less
than 10%. However, even for Phase 111, few firms expect that fundamental changes

would be needed in order to meet their cap.

4 What is driving investment in climate-change re-

lated innovation?

4.1 Regression analysis

This section examines whether there is a link between firms’ expectations about
future stringenyc of climate policy and their investment in R&D related to climate
change. To this end, we regress different measures of innovation on expectations
and other control variables. The results are displayed in three tables — one for each

dependent variable — which show a range of different specifications. Table 3 reports

12



results from regressions of the process innovation score whereas Table 4 reports the
equivalent regressions for product innovation. In Table 5 we consider the average of

the process and product innovation score as the outcome variable.%

We start by regressing the innovation scores on a set of dummy variables indicating
whether a firm is part of the EU ETS in either Phase II or III or both (column
1). This yields no significant coefficient for neither type of innovation. Hence, we
cannot reject the hypothesis that ETS firms do not differ systematically in their
innovativeness from non-ETS firms. In column 2 we add expectations about both
price and future stringency as explanatory variables. We find positive coefficients
for both variables and with both types of innovation as well as average innovation.
However, these coefficients are statistically significant only for the expected strin-
gency of the cap. Thus it seems that the stringency of the emissions cap is more
relevant for R&D decisions than the price. This is an interesting suggestion, as a
simple model of company behavior would predict the opposite: since the EU ETS
is a cap-and-trade system the only thing that should matter for firms’ allocation
and investment decisions is the (expected) emissions price. Company-specific caps
should only be relevant for determining the distribution of rents that emerge from
imposing scarcity on a formerly free good (GHG pollution). The notion that alloca-
tion decisions are independent of the distribution of allowances has been referred to
as the “independence property” of emissions trading (Montgomery, 1972; ?). Sub-
sequent work has proven a similar result for innovation, in that the allocation of
permits — under competitive conditions — has no effect on the innovative activity of
regulated firms (Montero, 2002; Requate and Unold, 2003).”

An alternative explanation for the correlation between stringency and innovation
could be that we are picking up reverse causality or omitted-variables bias. For
example, a firm’s perception of stringency is certainly influenced by the availability
of cheap technological solutions to reduce emissions. When cheap solutions are not
available, a firm is likely to respond that the cap is more stringent. Therefore, such a
firm might be more likely to conduct some R&D in response to higher carbon prices.
In this case, a positive relationship between R&D and stringency might emerge
due to unobserved heterogeneity. We address this in a number of ways. First, we
add more control variables. Second, we examine what happens when we include

perceived stringency of the current period (Phase II) rather than future stringency.

6This takes into account concerns that in some cases it might be difficult for respondents to
clearly distinguish between the two.

"See Requate (2005) for an excellent survey of the literature on environmental regulation and
innovation.
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Dependent Variable.

Q)

@)

@)

(4)

®)

Table 3: Regressions of process innovation score

(6)

Process Innovation Score

@)

8)

Anticipation of ETS Stringency in Phase 3 0.174** 0.132* 0.146** 0.188**
(0.082) (0.079) (0.073) (0.072)
ETS Stringency in Phase 2 0.126** 0.109** 0.131**
(0.057) (0.052) (0.055)
CO, Price expectation by 2020 0.088
In(CO, Price) (0.073)
CO, Intensity in 2008 0.078* 0.106*** 0.056  0.082* 0.120*** 0.081*
In(CO,/EMP) (0.043) (0.034) (0.044) (0.042) (0.032) (0.042)
Multinational Enterprise 0.198 0.174 0.330 0.200 0.185 0.389
(0.144) (0.128) (0.242) (0.143) (0.126) (0.238)
R&D Intensive Facility 0.172  0.173** 0.007 0.190* 0.188** 0.021
(0.110) (0.087) (0.156) (0.106) (0.087) (0.158)
Employment 0.254*** 0.220*** 0.172*** 0.268*** 0.233*** 0.200***
In(emp) (0.044) (0.036) (0.064) (0.045) (0.038) (0.062)
In ETS in Phase 2 -0.196  -0.231 -0.329 -0.167 -0.505** -0.329
(0.202) (0.200) (0.269) (0.251) (0.249) (0.248)
In ETS in Phase 3 0.325 0.060 0.069 0.103 0.321 0.317
(0.324) (0.364) (0.365) (0.344) (0.335) (0.356)
In ETS in Phase 2 and 3 0.221 -0.024  -0.182  -0.147 -0.013  0.029
(0.393) (0.437) (0.420) (0.395) (0.403) (0.387)
Observations 685 685 684 684 303 684 684 303
R? 0.27 0.30 0.38 0.29 0.30 0.38 0.28 0.29
Cluster 155 155 155 155 92 155 155 92
3-digit sector controls yes yes yes no no yes no no
Noise Controls yes yes yes yes yes yes yes yes

Notes: All columns estimated by OLS with robust standard errors in parentheses under coefficient
estimates clustered by four-digit industrial sector. The dependent variable is the interview score
for process innovation. COs intensity data are derived from the CITL database while employment
is taken from ORBIS. All other variables are derived from the interviews. Noise controls include
interviewer, country, time, day and month of the interview and manager background fixed effects.

Stars indicate statistical significance level: ***=1%, **=5%, *=10%.

Third, rather than using the survey based stringency measures we exploit variations
in cap stringency implied by the EU Commission rules for continued free allocation

— instead of the requirement to purchase allowances through auctioning.

More control variables Column 2 in Tables 3 and 4 already includes 3-digit
industry dummies. In column 3 we add as further controls the employment size, CO,
intensity, and dummies for foreign ownership and R&D intensity of the firm. The
stringency coefficient remains positive and significant for both types of innovation.
For completeness, we also examine what happens when we drop industry controls
(in column 4) and when we include only firms that are participating in Phase III
(in column 5).® The stringency-innovation relationship is robust in all of these

specifications.

8Note that we have the expected stringency score variable only for firms that are regulated by
the EU ETS in Phase III. Thus in all columns the stringency effect is identified only from those
firms. Including the other firms can be useful, however, to identify the impact of variables on
innovation that are relevant for all firms, such as sector, size or noise controls.
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Table 4: Regressions of product innovation score

(1)

@)

@)

4)

®)

(6) ) ®)

Dep. Variable. Product Innovation Score
Anticipation of ETS Stringency 0.180** 0.153** 0.194** 0.179**
(0.076) (0.073) (0.075) (0.084)
ETS Stringency in Phase 2 0.030 0.037 0.043
(0.061) (0.063) (0.077)
CO, Price expectation by 2020 0.071
In(CO, Price) (0.095)
CO, Intensity in 2008 0029 -0.011 -0.022 0037 0.006 0.003
In(CO,/EMP) (0.043) (0.046) (0.048) (0.044) (0.045) (0.044)
Multinational Enterprise 0.308** 0.243* 0.429** 0.318** 0.261** 0.476**
(0.130) (0.129) (0.213) (0.128) (0.126) (0.202)
R&D Intensive Facility 0.245** 0.283*** 0.159 0.248** 0.284*** 0.168
(0.109) (0.107) (0.135) (0.111) (0.107) (0.139)
Employment 0.143*** 0.146*** 0.130** 0.159*** 0.162*** 0.160**
In(emp) (0.045) (0.047) (0.065) (0.045) (0.049) (0.070)
In ETS in Phase 2 0.285 0.284 0.683** 0.521** 0.219 0.015
(0.223) (0.217) (0.311) (0.260) (0.514) (0.547)
In ETS in Phase 3 0.233 0.104 0.039 0.289 0.149 0.366
(0.334) (0.387) (0.395) (0.383) (0.340) (0.348)
In ETS in Phase 2 and 3 -0.245 -0.448 -0.435 -0.726* -0.297 -0.571
(0.432) (0.444) (0.407) (0.386) (0.401) (0.392)
Process R&D Score
Observations 685 685 684 684 303 684 684 303
R2 0.30 0.31 0.36 0.18 0.26 0.35 0.17 0.25
Cluster 155 155 155 155 92 155 155 92
3 digit sector controls yes yes yes no no yes no no
Noise Controls yes yes yes yes yes yes yes yes

Notes: All columns estimated by OLS with robust standard errors in parentheses under coefficient

estimates clustered by four-digit industrial sector. The dependent variable is the interview score

for product innovation. CO- intensity data are derived from the CITL database while employment

is taken from ORBIS. All other variables are derived from the interviews. Noise controls include

interviewer, country, time, day and month of the interview and manager background fixed effects.

Stars indicate statistical significance level: ***=1%, **=5%, *=10%.
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Table 5: Regressions of average innovation score

Dependent Variable.

M )

(©)]

4)

®)

(6)

Mean Innovation Score

@)

(8

Anticipation of ETS Stringency in Phase 3 0.177*** 0.146*** 0.175*** 0.188***
(0.055) (0.053) (0.054) (0.062)
ETS Stringency in Phase 2 0.079*  0.074* 0.088
(0.043) (0.044) (0.056)
CO, Price expectation by 2020 0.080
|I‘1(CO2 Price) (0.069)
CO, Intensity in 2008 0035 0034 0000 0040 0050 0.024
In(CO,/EMP) (0.034) (0.032) (0.038) (0.034) (0.032) (0.035)
Multinational Enterprise 0.252** 0.208** 0.376* 0.258** 0.223** 0.431**
(0.107) (0.104) (0.190) (0.105) (0.100) (0.178)
R&D Intensive Facility 0.200** 0.222*** 0.071  0.210** 0.230*** 0.081
(0.083) (0.074) (0.110) (0.084) (0.074) (0.114)
Employment 0.190*** 0.176*** 0.139** 0.205*** 0.190*** 0.167***
In(emp) (0.030) (0.030) (0.053) (0.031) (0.032) (0.053)
In ETS in Phase 2 0.045 0.027 0.265 0.278 -0.112 -0.123
(0.183) (0.178) (0.262) (0.229) (0.246) (0.224)
In ETS in Phase 3 0.279 0.082 0.057 0.201 0.243 0.350
(0.285) (0.317) (0.312) (0.295) (0.279) (0.295)
In ETS in Phase 2 and 3 -0.012  -0.236 -0.303  -0.432 -0.145  -0.261
(0.363) (0.393) (0.348) (0.319) (0.332) (0.318)
Observations 685 685 684 684 303 684 684 303
R? 0.29 0.32 0.41 0.28 0.34 0.40 0.27 0.32
Cluster 155 155 155 155 92 155 155 92
3-digit sector controls yes yes yes no no yes no no
Noise Controls yes yes yes yes yes yes yes yes

Notes: All columns estimated by OLS with robust standard errors in parentheses under coefficient

estimates clustered by four-digit sector. The dependent variable is the interview average of the

product and process innovation scores. COs intensity data are derived from the CITL database

while employment is taken from ORBIS. All other variables are derived from the interviews. Noise

controls include interviewer, country, time, day and month of the interview and manager back-

ground fixed effects. Stars indicate statistical significance level: ***=1%, **=5%, *=10%.
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Using current stringency Up until and including Phase II, emission allowances
were allocated by and large for free to industrial emitters. Regulation for Phase
IIT stipulates that some firms will have to purchase an increasing fraction of their
allowances through an auction or on the open market. Hence, if the relationship
between stringency and innovation is driven by variations in the cap rather than
abatement cost heterogeneity, we expect that the relationship is weaker or non-
existent with current stringency. Again, this turns out to be the case for product
innovation where the current stringency coefficient is not significant in columns 6
to 8. For process innovation, the reverse seems to be the case with the current

stringency coefficient being positive and significant.

4.2 Regression discontinuity estimates

To further investigate the relationship between stringency and innovation, we ex-
ploit the link between exogenous variations in free allowance allocation, rather than
relying on the self-reported stringency score.” Phase III will see radical changes in
the number of allowances that are allocated for free to firms. Under current propos-
als, the European Commission will exempt certain 4-digit industries from allowance
auctioning, based on two statistics, trade intensity (TI) and COy intensity (CI). 1
Firms in a 4-digit industry will be exempt if the industry’s TI or CI exceed 30%,
or if the sector simultaneously exceeds a 10% threshold for TT and a 5% threshold
for CI. Figure 10 plots the firms in our sample in the CI-TT space, where the dotted

line indicates the location of those thresholds.

Before estimating threshold effects in a regression framework, we consider one sub
segment of the threshold graphically in Figure 11.!' The grey shaded areas in the
left panel of Figure 11 indicate this segment in the CI-TT space: it involves firms in
sectors with between 0 and 60% trade intensity and less than 5% carbon intensity.
These firms receive free permits solely because of the trade intensity criterion as
well as a suitable control group of firms that receive no free permits. The panel
on theright of Figure 11 plots the production innovation score for these firms with

TT on the horizontal axis. There is a visible drop in the innovation score for firms

90f the three factors underlying a firm’s perception of stringency (see Section 3.2.2), we focus
here on point (ii), the amount of permits the firm receives for free.

10The Carbon Intensity is defined as the ratio between the sum of the direct and indirect costs
of full auctioning and the gross value added of a sector. The direct costs are calculated as the
value of direct CO5 emissions (using a proxy price of €30/t CO3), and the indirect costs capture
the exposure to electricity price rises.

U This allows for a simple two dimensional treatment.
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Figure 10:

Carbon Intensity

Location of thresholds in Carbon Intensity — Trade Intensity Space
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Notes: The Figure plots interviewed firms in the Carbon Intensity (y-axis) and Trade Intensity

(x-axis) space according to the industry they belong to. To make several firms in the same sector

visible we added a small random error to each observation. The figure also shows the threshold

in terms of both measures for a sector to receive free permits after 2012. The grey shaded areas

indicate a 20 percentage point band around the threshold for inclusion in our main discontinuity

regressions.
Figure 11: Hlustration of the threshold effect
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Notes: The figure illustrates the threshold effect on product innovation for a subset of our data:

firms with less than 5% carbon intensity around the 30% threshold in terms of trade intensity.

Firms that are exempt from auctioning - i.e. those with more than 30% trade sectoral trade

intensity - report visibly lower levels of product innovation. Fitting a line suggests that more trade

intensive firms innovate more with a significant drop at the 30% threshold however.
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that lie above the 30% threshold and receive free permits. The fitted regression line
exhibits a drop at the threshold.

In Table 6 we report linear regressions of various outcomes where we include a
dummy “Exempt after 2012” that is equal to 1 if a firm falls above the threshold in CI-
TT space as well as a range of other control variables. We restrict the sample of firms
to those located in an interval of 10 percentage points on either side of the threshold
for free allocation A range of different outcome variables is considered across the
columns of the table. First, in column 1 we look at the reported expected stringency
of firm level permit allocations after 2012. We find a significant negative value
suggesting that expectations concerning stringency are driven in part by eligibility
for free permits. This negative relationship is primarily a feature of the forthcoming
post-2012 allocation process, since a much smaller and not significant coefficient is
obtained in column 2 where the outcome variable is current stringency. In columns
3 to 6 we consider product, process and average innovation. In either case we find a
negative coefficient which is large and significant at 1% for product innovation and
5% for average innovation. The coefficient value of 1.138 is approximately equal to
1 standard deviation of the product innovation score (1.254). We therefore conclude

that the effect of stringency on innovation is also economically significant.

In Tables 7 and 8we explore the robustness of these results.!? Table 7 shows results
obtained after reducing the inclusion band to 7.5 percentage points on either side
of the threshold for free allocation. This has hardly any effect on the estimates. In
Table 8 we add quadratic and interaction terms of the running variables. While the
significance of some of the estimates is weaker than in Tables 6 and 7, the point

estimates remain close, which is re-assuring.

In sum, we find robust evidence that climate-change related innovation responds to
the expected stringency of the EU ETS. An explanation for this could be that having
to pay for all required emissions allowances has an important signaling function
for companies in drawing the attention of higher management levels to the issue of
emissions. It is only then that firms would take the more strategic decision to engage
in product lines that are climate-change related. In such a scenario there could be
information barriers that prevent senior management from seeing these opportunities
until the issuance of tight, company-specific emissions caps forces them to focus on

climate change issues.!3

12Further robustness checks are provided in Appendix A.

13Stressing the importance of information flows within the firm, such an explanation is in line
with recent developments in the literatures on the theory of the firm as well as on the energy
efficiency paradox (DeCanio and Watkins, 1998a,b; Garicano, 2000).
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Table 6: Regression discontinuity estimates

(1) @) ®) 4) (5)

Expected Current Product Process Mean
Stringency Stringency Innovation Innovation Innovation
Dependant Variable Score Score Score Score Score
Exempt after 2012 -0.413** -0.214 -1.138*** -0.129 -0.634**
(0.192) (0.332) (0.349) (0.256) (0.271)
Sectoral CO, Intensity 5.235%* 0.076 7.745* 4.566* 6.155"*
(Cn (1.964) (2.122) (3.704) (2.527) (2.910)
Sectoral Trade Intensity 1.004 1.088 2.929* -1.439 0.745
(TI) (0.654) (1.243) (1.453) (0.947) (1.051)
Firm level CO, Intensity 0.099* 0.044 -0.008 0.065 0.029
(InCO2/EMP) (0.056) (0.048) (0.066) (0.054) (0.049)
Multinational 0.245 -0.124 0.387 0.484* 0.435**
(0.153) (0.201) (0.258) (0.261) (0.208)
Site does R&D 0.109 -0.023 0.162 0.222 0.192
(0.152) (0.180) (0.154) (0.169) (0.120)
Employment 0.162** 0.032 0.146** 0.230*** 0.188**
(InEMP) (0.071) (0.063) (0.060) (0.064) (0.048)
Share of Competitors -0.071 0.018 -0.221 0.467* 0.123
outside the EU (0.222) (0.414) (0.323) (0.280) (0.225)
Observations 236 236 236 236 236
R2 0.28 0.17 0.29 0.36 0.35
Cluster 66 66 66 66 66
Noise Controls yes yes yes yes yes
Exempt within 10% band 110 110 110 110 110
Not exempt within 10% band 126 126 126 126 126

Notes: All columns estimated by OLS with robust standard errors in parentheses under coefficient
estimates clustered by four-digit industrial sector. Sectoral COq intensity and trade intensity are
derived from EUROSTAT data. COs intensity data are derived from the CITL database while
employment is taken from ORBIS. All other variables are derived from the interviews. Noise con-
trols include interviewer, country, time, day and month of the interview and manager background

fixed effects. Stars indicate statistical significance level: ***=1%, **=5%, *=10%.
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Table 7: Regression discontinuity estimates — Narrower bands

1) ) ®) (4) ®)

Expected Current Product Process Mean
Stringency Stringency Innovation Innovation Innovation
Dependant Variable Score Score Score Score Score
Exempt after 2012 -0.449** -0.173 -1.154*** -0.114 -0.634**
(0.190) (0.360) (0.356) (0.268) (0.279)
Sectoral CO, Intensity 6.037** 0.182 7.879* 4.607* 6.243**
(Cl) (1.928) (2.442) (3.957) (2.675) (3.110)
Sectoral Trade Intensity 1.008 0.757 3.128* -1.698 0.715
(TI) (0.696) (1.431) (1.601) (1.058) (1.186)
Firm level CO, Intensity 0.080 0.038 -0.028 0.065 0.019
(InCO2/EMP) (0.058) (0.052) (0.071) (0.057) (0.053)
Multinational 0.238 -0.181 0.390 0.481* 0.435*
(0.153) (0.199) (0.284) (0.281) (0.232)
Site does R&D 0.116 -0.015 0.203 0.230 0.216*
(0.160) (0.181) (0.154) (0.175) (0.125)
Employment 0.154* 0.064 0.131** 0.245*** 0.188***
(InREMP) (0.078) (0.066) (0.055) (0.070) (0.051)
Share of Competitors -0.035 -0.054 -0.173 0.441 0.134
outside the EU (0.228) (0.423) (0.327) (0.282) (0.223)
Observations 228 228 228 228 228
R2 0.28 0.19 0.30 0.36 0.35
Cluster 61 61 61 61 61
Noise controls yes yes yes yes yes
Exempt within 7.5% band 108 108 108 108 108
Not exempt within 7.5% band 120 120 120 120 120

Notes: All columns estimated by OLS with robust standard errors in parentheses under coefficient
estimates clustered by four-digit industrial sector. Sectoral COs intensity and trade intensity are
derived from EUROSTAT data. CO; intensity data are derived from the CITL database while em-
ployment is taken from ORBIS. All other variables are derived from the interviews. Noise controls
include interviewer, country, time, day and month of the interview and manager background fixed
effects. Stars indicate statistical significance level: ***=1%, **=5%, *=10%. Standard errors are

robust and clustered at the level of 4 digit industrial sectors.
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Table 8: Regression discontinuity estimates — Squared running variables

(1) ) @) 4) (5)

Expected Current Product Process Mean
Stringency Stringency Innovation Innovation Innovation
Dependant Variable Score Score Score Score Score
Exempt after 2012 -0.286 -0.130 -0.907*** -0.107 -0.507**
(0.182) (0.362) (0.309) (0.275) (0.246)
Sectoral CO, Intensity 15.842+** 1.775 27.494%** 16.068*** 21.781***
(Cl) (3.756) (8.566) (8.347) (5.904) (6.476)
Sectoral CO, Intensity -33.985 22.154 -72.405 -57.116 -64.760
squared (24.286) (58.957) (56.285) (34.560) (40.942)
Sectoral Trade Intensity 0.686 8.050** -1.187 -1.327 -1.257
(T1) (2.035) (3.106) (3.336) (2.483) (2.425)
Sectoral Trade Intensity -39.901*** -22.015 -70.669*** -24.642 -47.656***
squared (10.825) (19.399) (22.196) (15.264) (15.103)
Trade Intensity X 6.893 -17.051** 22.530** 3.608 13.069*
CO, Intensity (Tl x Cl) (5.990) (8.264) (9.669) (7.421) (6.793)
Firm level CO, Intensity 0.113** 0.029 0.028 0.072 0.050
(InCO2/EMP) (0.053) (0.045) (0.064) (0.052) (0.046)
Multinational 0.248 -0.115 0.392 0.471* 0.431**
(0.152) (0.199) (0.240) (0.266) (0.209)
Site does R&D 0.092 0.038 0.098 0.211 0.155
(0.147) (0.174) (0.148) (0.171) (0.112)
Employment 0.194*** 0.040 0.208*** 0.255*** 0.231***
(InEMP) (0.069) (0.070) (0.069) (0.063) (0.050)
Share of Competitors -0.062 0.123 -0.253 0.473* 0.110
outside the EU (0.203) (0.412) (0.302) (0.276) (0.202)
Observations 236 236 236 236 236
R2 0.31 0.19 0.35 0.37 0.40
Cluster 66 66 66 66 66
Noise controls yes yes yes yes yes
Exempt within 10% band 110 110 110 110 110
Not exempt within 10% band 126 126 126 126 126

Notes: All columns estimated by OLS with robust standard errors in parentheses under coefficient
estimates clustered by four-digit industrial sector. The dependent variable is the mean interview
score for process and product innovation in columns (1) to (3) . Sectoral COg2 intensity and
trade intensity are derived from EUROSTAT data. COs intensity data are derived from the
CITL database while employment is taken from ORBIS. All other variables are derived from the
interviews. Noise controls include interviewer, country, time, day and month of the interview and
manager background fixed effects. Stars indicate statistical significance level: ***=1%, **=5%,
*=10%.
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5 Conclusion

This paper investigates climate-change related investment behavior among manu-
facturing firms in Europe on the basis of nearly 800 interviews with managers in six
European countries. We start by looking at climate-change related innovation and
find that most (70%) firms are equally engaged in formal or informal R&D with the
aim of curbing emissions and/or energy consumption. A smaller proportion (40%)
is also pursuing “Clean product innovation”; i.e. R&D with the aim of developing
products that can help customers to reduce their emissions. Almost all firms that
report product R&D also report process R&D. We find that firms expect future car-
bon prices to be considerably higher than current levels in the EU ETS, averaging
€40 in 2020. Compared to the current second trading period, firms expect the impo-
sition of tighter caps for the post-2012 EU ETS period. While 40% of firms reported
that the current period EU ETS cap imposed on them was not binding, this propor-
tion reduces to less than 10% for the post-2012 period. Firms that expect a more
stringent EU ETS cap in Phase III are more likely to engage in product innovation.
Such a correlation indicates that in a trading system the allocation of emissions
allowances might not be independent of other real factors, such as the investment
in R&D. We investigate this hypothesis further by examining whether there is a
discontinuity in innovative activity at the thresholds implied by the European Com-
mission criteria for exemptions from auctioning post-2012. We find that firms that
narrowly qualified for exemption from auctioning were conducting significantly less
innovation than firms that narrowly missed being exempted from auctioning. This
finding is consistent with the hypothesis that having a tight carbon budget has an
important signalling effect for firms in that it draws the attention of higher levels of
management to the matter of GHG emissions. This in turn might trigger a decision
to engage in climate-change related product or process R&D. On the whole, our
results support the view that allocating fewer allowances for free would lead to a

stronger innovation response in an otherwise identical emissions trading system.
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A Further results

Here we report further results using the regression discontinuity design discussed
in section 4.2. Table 9 reports regression using wider bands — 12.5% on either
side — around the threshold for free permit allocation. This has very little effect
on the estimated parameters. In Table 10 we include an additional score derived
from our interviews as regressor, measuring the likelihood of a firm downsizing due
to climate policies.'* This addresses the issue that permit allocation within the
EUETS is conditional on firms actually remaining active within the EU. Closure
of a facility covered by the EUETS would typically entail a cancellation of any
free permits associated with it. This provides firms receiving free permits with an
incentive not to close down operations. In addition, this could affect their attitudes
towards conducting innovation. However, Table 10 suggests that such concerns have

no bearing on our results.

In Figure 12 we examine as in figure 11 the innovativeness of firms around the 30%
TT threshold. However, Figure 12 is based on a sample of firms that are not part
of the EU ETS. This addresses the concern that the threshold effect might simply
represent sectoral differences irrespective of EUETS participation. However, as the

figure makes apparent, in this sample we cannot find evidence of a threshold effect.

14We discuss this measure in greater detail in Martin, Mutls, De Preux, and Wagner (2012b).
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Table 9: Regression discontinuity estimates- Wider bands
M @) ®3) “4) (5)
Expected Current Product Process Mean
Stringency Stringency Innovation Innovation Innovation
Dependant Variable Score Score Score Score Score
Exempt after 2012 -0.405** -0.232 -1.124** -0.117 -0.620**
(0.193) (0.332) (0.348) (0.254) (0.269)
Sectoral CO, Intensity 5.005** 0.585 7.338* 4.233* 5.785**
(Cl) (1.940) (2.140) (3.660) (2.484) (2.877)
Sectoral Trade Intensity 1.059 0.966 3.026** -1.359 0.834
(Tl (0.652) (1.242) (1.447) (0.956) (1.057)
Firm level CO, Intensity 0.103* 0.036 -0.001 0.070 0.035
(InCO2/EMP) (0.055) (0.049) (0.066) (0.054) (0.049)
Multinational 0.245 -0.124 0.387 0.484* 0.435**
(0.153) (0.199) (0.255) (0.260) (0.206)
Site does R&D 0.102 -0.008 0.149 0.212 0.181
(0.152) (0.179) (0.154) (0.170) (0.120)
Employment 0.162** 0.031 0.147** 0.232*** 0.189***
(InEMP) (0.071) (0.062) (0.060) (0.064) (0.048)
Share of Competitors -0.062 -0.004 -0.204 0.481* 0.139
outside the EU (0.220) (0.416) (0.320) (0.276) (0.221)
Observations 237 237 237 237 237
R2 0.28 0.17 0.29 0.36 0.35
Cluster 67 67 67 67 67
Noise controls yes yes yes yes yes
Exempt within 12.5% band 111 111 111 111 111
Not exempt within 12.5% band 126 126 126 126 126

Notes: All columns estimated by OLS with robust standard errors in parentheses under coefficient
estimates clustered by four-digit industrialsector. Sectoral COs intensity and trade intensity are
derived from EUROSTAT data. CO; intensity data are derived from the CITL database while
employment is taken from ORBIS. All other variables are derived from the interviews. Noise con-
trols include interviewer, country, time, day and month of the interview and manager background

fixed effects. Stars indicate statistical significance level: ***=1%, **=5%, *=10%.
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Table 10: Regression discontinuity estimates — Vulnerability score

(1) ) ®) 4) (5)

Expected Current Product Process Mean
Stringency Stringency Innovation Innovation Innovation
Dependant Variable Score Score Score Score Score
Exempt after 2012 -0.315* -0.152 -1.151*** -0.042 -0.596**
(0.188) (0.352) (0.342) (0.248) (0.262)
Sectoral CO, Intensity 4.016** 0.118 7.877** 4.289* 6.083**
(Ch (1.874) (2.235) (3.606) (2.441) (2.759)
Sectoral Trade Intensity 1.117* 0.949 2.992* -1.503 0.745
(TI) (0.635) (1.263) (1.498) (0.987) (1.089)
Firm level CO, Intensity 0.061 0.037 -0.000 0.031 0.015
(InCO2/EMP) (0.066) (0.060) (0.075) (0.065) (0.059)
Multinational 0.264* -0.105 0.388 0.492* 0.440**
(0.147) (0.204) (0.260) (0.264) (0.209)
Site does R&D 0.051 -0.037 0.152 0.191 0.172
(0.142) (0.188) (0.153) 0.171) (0.122)
Employment 0.127* 0.037 0.146** 0.210*** 0.178***
(InEMP) (0.076) (0.069) (0.067) (0.070) (0.055)
Share of Competitors -0.176 -0.075 -0.220 0.386 0.083
outside the EU (0.252) (0.445) (0.372) (0.296) (0.261)
Vulnerability score 0.137*** -0.003 -0.021 0.060 0.019
(0.033) (0.074) (0.073) (0.066) (0.056)
Observations 230 230 230 230 230
R2 0.31 0.17 0.29 0.36 0.34
Cluster 65 65 65 65 65
Noise controls yes yes yes yes yes
Exempt within 10% band 106 106 106 106 106
Not exempt within 10% band 124 124 124 124 124

Notes: All columns estimated by OLS with robust standard errors in parentheses under coefficient
estimates clustered by four-digit industrial sector. Sectoral CO5 intensity and trade intensity are
derived from EUROSTAT data. CO; intensity data are derived from the CITL database while
employment is taken from ORBIS. All other variables are derived from the interviews. Noise con-
trols include interviewer, country, time, day and month of the interview and manager background

fixed effects. Stars indicate statistical significance level: ***=1%, **=5%, *=10%.
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Figure 12: Threshold effect for non ETS firms?
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Notes: The figure reproduces Figure 11 for firms which are not in the EUETS
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