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Abstract
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Keywords: ICT, environmental innovation, adoption, SME, ptilg sectors, Porter hypothesis, complementarity,
labor productivity

Acknowledgments: The paper is within the research activites of the FP7
project http://www.emininn.eu/ (WP5). We also acknowledge funding received by PRIN 2010-11 on Climate
change in the Mediterranean area: scenarios, economic impacts, mitigation policies and technological
innovation and local funds (FAR) from the University of Ferrara.

! University of Ferrara, Department of Economics Mahagement
2 Télécom Ecole de Management, Institut Mines-Tatéc
3 University of Ferrara, Department of Economics Mahagement



1. Introduction

There is empirical and theoretical evidence thabuation drives economic competitiveness
and sustained long-term economic growth. Withinrdedm of innovative activity, environmental
innovations (Els) (Kemp, 1997; Kemp, 2010) are @uto create synergies between sustainability
and competitiveness towards the green economy (2BA3, 2014). The role of innovation as a
driver of long term productivity is a fact that goeack to the pillars of growth theory in economics
revitalised by the advent of sustainability polaryented thinking that tries to synergically intatgr
the economy and the environment. Innovation and ¢bewplementarity between different
innovations are key stones to create the pre-donditfor achieving and integrating social,
economic, environmental goals by 2020 and in thgdo run (Gilli et al., 2013, 2014).

Looking at other crucial innovation realms, the ortgant role of Information and
Communication Technologies (ICT) as an engine aiwjn in both developed and developing
countries has increasingly been noticed, as showith® commitments related to the European
Digital Agend4 (Cardona et al., 2013). There is a large liteminreconomics that shows that ICTs
are a major source of innovation and growth (seeaekiew Kretschmer, 2012), and defines ICT as
a General Purpose Technologies (GPT) that can pkedpn different domains to enable further
technological development and innovations.

There is an increased attention towards the effiettte development of ICT that reduces the
environmental footprint of economic activities. I€Mhave become essential to measure and model
environmental processes, while also having an itapor role in improving the productivity of
labour, capital and natural resources (Berkhout ldadin, 2004). The optimisation of processes
through ICTs is usually driven by the need to redoests, and in turn this also generates benefits
for the environment. In this context, particulaeation should be given to the dematerialization of
economic activities. This is not only because opilavements in resource efficiency enabled
through greater process control, but also becatfsgent processes tend to be relatively less
polluting.

In the present article, we provide new micro evi@eto the stream of literature which has
scrutinized the effects of ICT on productivity etlvell-known ‘Solow Paradox’, namely that the
ICT diffusion is visible anywhere but in the spéziéffects on productivity (Daveri, 2002). We
here build up on two main streams of research —ehathe consolidated literature on EI (drivers

and especially effects of El;, Cainelli et al., 2003hisetti and Rennings, 2014; Horbach et al.,

*  European Commission official statement on the tAigi Agenda 2010-2020, available at

http://ec.europa.eu/information_society/newsroofpiltér.cfm?pillar_id=46.
® See the special issue in Oxford review of econguuiicy, vol. 18, 2002.



2012) and that on ICT economic effects - to delaveelatively new piece of evidence through the
analysis of ICT complementarity in relation to thew wave of ‘green oriented innovations’.

Following the Porter idea of competitive advanta¢g@sstantini and Mazzanti, 2012), the joint

ICT/ElI adoption can be an integrated innovationatsfyy to dematerialize/decarbonize the
economic process while generating ‘real’ econonaiog} The ‘Green ICT’ theme is thus addressed
by looking at if and how firms behave in terms @wnintegrated technological adoptions. The
literature on Green ICT shows that the adoption@f can permit to reduce the environmental
footprint of economic activities. Researches ondpotivity paradox which has focused on the
relationship between labor productivity and investinin ICT should also consider the links that

exist between ICT and environmental resources/iation (OECD, 2001).

Our empirical approach permits to investigate weethe joint adoption of ICT and green
innovation affect the productivity of the firms angermits also to disentangle the effect on geav
polluting and more regulated sectors within manwiidécg. Sectoral differences have achieved a
considerable consideration since the Pavitt taxgnamas introduced into the economics of
innovation: science-based, specialized suppliensplger dominated and scale intensive firms. The
categorization was based on sources and patteteshofological change. From a conceptual point
of view, we may refer to the integrated conceptsaftoral and national systems of innovation
which have consolidated in the innovation orierg@dlutionary theory (Malerba, 2004) and have
been exploited in the environmental economicsditee looking at Els and policy (Costantini and
Mazzanti, 2012). The environmental regulatory pessin specific sectors, might increase the
firm’s incentive to find new technological solut®rand tackle the policy challenge through the
complementary adoption of innovations. ICT and E potentially the ‘greener and smarter’
choices in the innovation firm’s toolkit. The questis whether they might drive competitiveness

as well. If it is the case, they associate withagmded economic-environmental sustainability.

In a context of enduring economic slowdown for ttedian economy, as the graphic on
labour productivity shows (Fig.1), may be of exteenelevance to single out the micro-economic
strategies that firms can implement in order taease the labour force productivity. Italy is a key
example of a relevant economy with still strongrekan manufacturing, that needs to re-enhance
its economic performance through R&D investments lsigh value added innovation diffusion and
adoption. A new positive path for the Italian ecaryonvould create the conditions for a more stable
and sustainable Europe. It is worth noting thas taconomic trend is not different from the
emission trend (e.g. CO2), that highlights the sgpebetween economic and environmental

dynamics (Marin and Mazzanti, 2013).



Fig.1 Labor productivity trend in the EU (2000=100)
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Source: Our elaboration from OECD data

To test the hypothesis by which complementary adopif ICT and El backs higher labor
productivity performances, the article analyses @l wuited dataset collected in leading Italian
region, Emilia-Romagna, which covers 555 manufaogufirms for which information on EIl and
techno-organisational innovations are availableis Tthata has been merged with accounting
variables collected in the dataset of the AIDA Bawr&/an-Djik. The Emilia-Romagna is a Northern
Italian region with a population of about 4.5 nuhi people and a GDP (around 143 billion euro)
that accounts for about 11% of the national GDRQOf&1 (our elaboration on Eurostat — Regional

Statistics Database).

The article is organised as follows. Section 2ees the existing literature on green ICTs, outlines
the research questions and the hypotheses to teel.t&ection 3 and 4 describe the data and the
methodology respectively. Section 5 presents thpirggal analysis. Conclusions and discussions

follow.

2. Background literature and conceptual framework

The green growth is a major policy concern in bdékreloped and in developing countries.
In particular, ICT are a key enabler of green giowt different sectors of the economy (Ropke,
2012, Faucheux and Nicolai, 2011). The digital@aof the economy has transformed business and
society and represents an important engine of enangrowth. Since ICT are GPT, they can have
important environmental impacts on both manufactiigroduction processes and the consumption
patterns of users within a society (OECD, 2010) pbtential impact of ICT in different sectors is

raising attention on the direction of their devetgmnt by increasing attention on direct and indirect
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environmental impacts (Mansell, 2012). It is readue to expect direct and indirect impacts of ICT
on sustainable growth processes. Clearly these dmpaill vary depending on the specific
characteristics of countries and sectors and tpe of innovation considered (whether it provides
genuine novelty or simply enables incremental ckapgBased on a sample of OECD countries, the
article of Bassanin and Scarpetta (2002) showsntiwaié advanced countries generally shared three
economic characteristics: they have (i) improveall#bour utilization combined with a generalized
(i) enhancement in human capital and they havgiivested more in ICT rather than in physical
capital. It emerges that technological change eneoldd new ICT capital goods has been a leading
source of output and productivity growth in I€iSing sectors. Thus, it is interesting to see tatwh
extent the use of ICT influences green growth.

In talking about “green ICT”, it is important tostinguish between green ICT and ICT for
green. On the one hand, there are ICT applicatidmsse production entails better environmental
performance than previous generations - usuallgrmed to as “green ICT”. On the other hand,
there are ICT applications that can be used toorgenvironmental performance throughout the
economy and society and which have an impact onethngronmental productivity of other
industries, particularly in terms of energy effitog, waste management, and carbon footprint.
These are usually referred to as “ICT for greenECD, 2011a).

Green ICT can be defined as ICT equipment, softvaaict service that either reduce their
own environmental impacts or the ones of otherossaif the economy and society. Those impacts
can be any kind of pollution, the exhaustion ofunaltresources such as hydrocarbons or rare earth
elements, or global changes in natural ecosystambh ss global warming and biodiversity
collapse.

Recent studies by the OECD (2010, 2011a) expliciibginguish three types of green ICT
and argue that the interaction between ICT ancetheronment can have three potential impacts:
direct impacts (first order), enabling impacts (set order) and systemic impacts (third order).
First order impacts involve ICTs providing bettenveonmental performance than previous
generationsdirect impacts) of ICTs, implying that these technologies arestnrcted and designed
to reduce their carbon footprint. Tleaabling impact includes all initiatives focusing on reducing
environmental impacts by using ICT applicationse@articular example is the dematerialization
and substitution as advances in ICTs and othemntdobies facilitate the replacement of physical
products and processes by digital products andepsasSystemic impact implies that progresses in
ICTs and other technologies facilitate behavioral arganizational changes towards sustainability.
These involve behavioral and non-technologicaldi@ctThey include the intended and unintended

consequences of wide application of green ICTshBl¢ direct and systematic impacts can have
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also negative impact on the quest for sustainatiigitees, while the enabling effects have positive
environmental impacts on the environment. In pal&ic first order impact entail the increase
amount of use of ICT which in turn generate wastd the systematic effects might be source of the
rebound effect.

For the purpose of our analysis, the enabling efeextremely important as it permits to
qualify the effect of ICT on green growth in terrof dematerialization of certain economic
activities. Information technologies permit to enba structural changes away from energy and
material intensive production and more concentrtdesrd information intensive activities. ICT
has contributed to change the way in which prodaecid services are designed, produced and
distributed. In other words, they permit a moreelident use of resources. The enabling effect
includes the intelligent production processes aedighs, which permit to reduce the waste
produced and to optimize the use of machinery imtef energy and resource consumption.
Another important aspect of enabling effect of li8The reorganization of the supply chain and the
organization of the business with entails the dgwalent of e-commerce or activities that can be
completely digitalized such as the teleworking @eut and Hertin, 2004). These kinds of ICT

adoption and usage can permit to reduce the foatpfidifferent economic activities.

3. Data

We exploit data from an original survey on a Northkalian region, Emilia-Romagna. The
survey was carried out in 2009 to cover the sanseclypuestions on El presented by the CIS (see
Antonioli et al., 2013). The survey covers 555 nfanturing firms for which information on El
(Table A1 Appendix) and techno-organisational iret@mns are available. The ICT section is very
detailed (see the questionnaire extracts in AppeBdliand provide many information that can be
usefully correlated to Els, which includes inforroaton carbon abatement, emission abatement,
EMS, environmental R&D, eté..The in depth information stemming from the suri@ygoupled
with the second source of information: the AIDA Bau Van-Djik dataset on firms balance sheets.
The merge of the two sources of information allowgsto test the potential complementarities
among Els and ICT adoption on the firm economidgrarance, measured as labour productivity
per capita.

To the best of our knowledge, this is the first grathat treats and merges ICT and El
information at a relatively detailed level of arsly This allows neater and more in depth insights

on the correlation between ICT / El (as separatebj@int factors) and firm’s productivity.

® See Antonioli et al. (2013) and Cainelli et aD12) for further information on the questionnaietad



The information on ICT adoption are in fact extréyndetailed and offer a wide range of
possibility to test complementarities among ICT &isl(see the ICT variables used come from the
guestions Q3 and Q4 reported in Appendix B). Astfive focused on the introduction of
management systems and networking integration ICIRIO), constructed as the average number
of practices introduced and then we concentratetivonspecific systems: Material Requirements
Planning (MRP) and Enterprise Resource PlanningPjERhich are more likely related to El,
because of their intrinsic nature of manageriatesys to plan the use of materials and resources,
than other types of ICT management systems. Sgcomd measure the use the firm does of ICT
variables. The first variable (ICT_BS) informs ukether the firm uses ICT to manage the buy and
sell processes; the second one tells whether the@fukCT supports product and process activities
(ICT_PROD); the this whether ICT support cooperataztivities (ICT_COOP) and, finally, the
last one if the firm uses ICT to exchange inforimatand services (ICT_SERV). This set of ICT
variables permits to generate the above mentionablieg impact in the economy as they permit to
dematerialise the economic activities and imprdwae économic processes. As concerned the Els,
we construct a general measure of El adoption: RS which indicates whether the firm has
adopted any kind of eco innovation. We have alsw fonary detailed variables that inform us on
the adoption of specific Els: the variable ENERG4ttcapture the innovations addressed to reduce
use of materials and/or energy by output unit (ided recycling); the variable CO2, which informs
us on the adoption of innovations addressed taceO2 emissions; the variabEEMISSIONS
that takes value one if innovations addresse@doage emissions for soil, water and air have been
adopted; and finally, EMASISO variable, which isuatjto one if procedure like EMAS and
1ISO14001 have been adopted.

The main descriptive statistics and the variabtesstructions are reported in tables A2 and

A3 in Appendix.

4. Methodology

To address the research hypothesis of complemgntariong Els and ICT we estimate a
consolidated productivity function using as covisaa set of variables pointed out as firm-level
productivity determinants by previous works (Arv&s)i2005; Giuriet al., 2008; Hallet al., 2012;
Antonioli et al., 2010) through the following equation:

" As example, the EU CIS 2006-2008 survey that éosidetailed information on El only includes a vesygh
guestion on ICT adoption by firms.



(1) [LABPROD] i10-11= ao[ CO”th'S] i06-08 T a]_[ KEmp] i,06-08 T az[ Export] i06-08 T %[ I NNO] i,06-08 T
+ [ El]i06-08+ as[ICT]ioe08 *+Vi

where LABPROD is a measure of labour productivityeg by the ratio between value
added and employment, the subscripts 06-08 andLI@dresent the time spans in which variables
are measured (2006-2008 and 2010-2011 respectivelgpresents each firm. The covariates are
standard controls such as size, sector and gedgahphdummies, a variable capturing the
capital/technological intensity (KEmp), an expodriable that proxy the firm openness toward
international markets (Export), a set of innovati@ariables that capture the adoption of process
(Proc) and product (Prod) innovation and the preseof training programmes for employees
(Train) and, finally, the most important covariafes the present work: Els and ICT variables. In
order to get a first glimpse of the relation thes Bhd ICT variables have with labour productivity
we simply estimate equation (1) through OLS. Ouinegion may suffer from endogeneity due to
two main factors. The first one is related to thess-sectional nature of our data, which does not
allow us to fully control for reverse causafitfirms may self-select into Els and ICT adoptian a
better performing firms may have higher financiadl arganizational capabilities for adopting both
Els and ICT. In order to mitigate this problem wepleit the diachronic structure of the dataset
created thorough the merge of the cross-sectiomaleg and of the balance sheets panel: the
dependent variable has a time lag of several yw#dhsrespect to the covariates, being measured
over the period 2010-2011, right after the big ss@an of the 2009, while the covariates are
measured over the 2006-2008 period, right befae2€009. The time structure of our data allows us
to exclude from our analysis the data of 2009, whace likely to be influenced by the strong
exogenous shock given by the recessidine second main factor causing endogeneity isnghy
the potential problem of relevant omitted variablesorder to address this issue we control for
several observable characteristics, some of thgomueag the managerial attitudes, a potential
source of high heterogeneity in firm level studies.

Although the estimates from equation (1) can prevad first evidence on Els and ICT
relations with productivity, our aim is to test thestence of complementarities among Els and ICT
strategies that increase the gains in labour ptodiyc In order to test for complementarities we
need to set up a different specification with respge equation (1), which stems from the theories

8 With this exercise, we are not able to identifyacleausal relationship among variables, but robastelations in a
multivariate framework.

° Clearly we cannot purge our information from teeassion influence, but at least we do not incladsur estimation
the information of thannus horribilis 2009 for the Italian and European economies.
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and properties of supermodular functions (see Molarel Roller 2005; Antonioli et al, 2013 for a
full mathematical clarification of the supermodufanctions in testing complementarities). In the
present case, and following Milgrom and Robert®&)9we can say that two variablX;and x"

in alattice X are complements if a real-valued funct F (X, x") on thelattice X is supermodular

in its arguments. That is, if and only if:

@ FIXCX)+F(XCX")=F(X)+F(X") Ox, x" O X.

Or, written in a different way:

©)) FXCX)-F(X)2F(X')-F(XCX") O, x" O X,

that is, the change F from X (orX") to the maximun(X' LX) Is greater than the change

in Ffrom the minimumXLCX to X' (or X): raising one of the variables raises the value of
increases in F of the second variable. In our gaseonsider the ‘productivity function’ of firm j
(LABPROD,) as the firm’s objective function (see Antonidliad., 2013; Mancinelli and Mazzanti,
2009 and Mazzanti and Zoboli, 2009 for more metlhmgloal details) as specified in equation (1),
but substituting the Els and ICT variables with djuglets of states of the world for any given
couple of EI and ICT. That is to say, the binaryadad ICT variables are interacted in order to
create couples of innovation variables providingrfetates of the world for each couple: the firm
may decide to adopt both innovations {1,1}, one bat the other {1,0} or {0,1} and neither one
nor the other {0,0}. The specification of equatid) is then:

(4) [LABPROD] i10-11— ao[ COﬂth'S] ios-08t a]_[ KEmp] ios-08 t az[ EXpOI’t] ios08 t 8.3[ | NNO] ios-08 t
+b1i[EI(1)/ ICT(1)] +b2[EI (1)/ ICT (0)]+b3i[EIl (0)/ ICT (1)] +b4i[EI (0)/ ICT (0)] +Vv;

The set of the four states of the world represaritstice H :{{Od{OJ}{l(}{l]}} and the

‘productivity function’ is supermodular in the invation couples, that is innovations are

complements, if the following inequality is satestt



(5) LABPROD, (L1Q;) - LABPROD;, (00,Q;) 2 |LABPROD, (10,Q;) - LABPROD, (00,Q,)|+

+|LABPROD; (01,Q,) - LABPROD, (00,Q )

Where Q; is a vector of variables includin@ontrols, KEmp, Export and INNO, that are
thought to influence the labour productivity. Theequality shows that changes in the labour
productivity when the innovations are increasecetiogr are higher than the changes resulting from

the sum of the separate increases of the two iflom& Increases i LABPROD due to an increase

of both innovations fron{Od to {1]} are greater (or at least equal) than the sunnofeases in

LABPROD due to separate increases of the innovations {O(}lto {1@ or {0]}

The operationalization of the procedure to testlercomplementarities among innovations
passes through the estimation of equation (4), mchvall the four state of the world for each
couple of innovations are included, in order to et coefficients associated to each state of the
world: bl for {1,1}; b2 for {1,0}; b3 for {0,1} aml b4 for {0,0}. Then it is necessary to run several
Wald tests. The latter allow us to test the following lingastriction, under the null hypothesis, on
the state-of-the-world-dummies coefficients: b1+b2+b3. The test is distributed as an F statistic
with one degree of freedom in the numerator, simeeare testing a single linear restriction at a
time, so we can apply the appropriate proceduréhp-value adjustment in testing inequalifies
Indeed, we are interested in the following inediedi namely the sign of the scalar linear
combination of our parameters of interest: b1+b43820; b1+b4-b2-b30. If we amalgamate the
information provided by the standard Wald testthsy adjusted p-values for inequality tests and by
the sign of the linear combination of the coeffiteewe can state whether we are in presence of
complementarity (b1+b4-b2-b8 ) between a couple of two innovations or, insteade are in
presence of substitutability (b1+b4-b2<63.

We apply the above procedure for both the wholepsaraf interviewed firms and for the
subsample of most polluting ones, those subjethéoEmission Trading Scheme (E¥SWwhich
belong to the heavier sectors - and those not sutjethe ETS scheme (NonETS) (see Tab.A2 in
Appendix for a detailed distinction of the two sefssectors). This strategy permits to disentangle
the more pollutant and regulated sectors from thero

19 For an appropriate reference see http://www.s@ia/support/fags/statistics/one-sided-tests-forffiments/.

" For detailed discussions on the main EU policyaiais climate change, the EU emission trading systkioh has
generated a price for carbon (currently aroundé&€tgnne of carbon), we refer to Convery, 200%1Hhlanet al .,
2010; Clo, 2008; Borghesi, 2011.
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5. Results and discussion

The results of the empirical analyses (Tab.1l) shiat high levels of productivity are
mainly associated with export and capital stockqgagita, for the whole sample and for ETS firms
and Non-ETS firms as well. Once we control for th#er variables for product and process
innovations and the usual sector and size variabkserges that Els and ICT have no significant
direct effect on productivity over the period 20A0t1. Similarly, their interaction
(ICTIntro_d*ECOINNO) proves to be not significantany estimations.

Tab 1: Results from OLS regressions: general ICTErmmbvariates

Whole Sample ETS Sectors Non ETS Sectors
LnVaEmp2010-2011
Food 0.099 0.099 0.126* 0.124*
(0.063) (0.063) (0.065) (0.065)
Textile -0.311%** -0.31 1%+ -0.316*** -0.315%**
(0.063) (0.063) (0.066) (0.066)
Shoes -0.224*** -0.224*** -0.230*** -0.229%***
(0.082) (0.082) (0.085) (0.085)
WoodRubbPlasOther -0.362*** -0.362*** -0.345%* B45%+*
(0.057) (0.057)
PaperPrinting -0.237** -0.237** 0.002 0.009
(0.114) (0.114) (0.113) (0.114)
CokeChemical 0.109* 0.108* 0.258*** 0.265***
(0.061) (0.062) (0.072) (0.074)
NonMetallic -0.158** -0.158** 0.026 0.026
(0.070) (0.070) (0.080) (0.079)
Metallurgy -0.197*** -0.198***
(0.040) (0.040)
20-49 emp. -0.078 -0.077 -0.077 -0.089 -0.081 H.07
(0.050) (0.050) (0.090) (0.088) (0.058) (0.058)
50-99 emp. -0.033 -0.033 -0.072 -0.082 -0.006 -D.00
(0.045) (0.045) (0.081) (0.079) (0.052) (0.051)
100-249 emp. -0.025 -0.025 0.017 -0.004 -0.044 43.0
(0.047) (0.047) (0.085) (0.078) (0.054) (0.054)
KStockEmp0608 0.097*** 0.097*** 0.135%** 0.135*** 0079*** 0.080***
(0.022) (0.022) (0.047) (0.047) (0.024) (0.024)
CentralReg 0.044 0.044 -0.000 0.006 0.064* 0.064*
(0.030) (0.030) (0.048) (0.049) (0.038) (0.038)
Prod -0.042 -0.042 -0.129** -0.129** 0.004 0.004
(0.034) (0.034) (0.063) (0.063) (0.039) (0.039)
Proc 0.069* 0.069* 0.171* 0.168** 0.026 0.027
(0.038) (0.039) (0.084) (0.085) (0.039) (0.039)
Export 0.174%+ 0.175*** 0.214* 0.204* 0.164* 0.1
(0.061) (0.061) (0.121) (0.119) (0.070) (0.071)
Train_d 0.040 0.040 0.060 0.078 0.020 0.022
(0.035) (0.036) (0.067) (0.071) (0.042) (0.042)
ECOINNO -0.021 -0.015 0.048 -0.007 -0.060 -0.021
(0.035) (0.046) (0.050) (0.056) (0.050) (0.083)
ICTIntro_d -0.006 -0.003 -0.008 -0.056 -0.000 0.010
(0.029) (0.031) (0.054) (0.065) (0.035) (0.036)
ICTIntro_d*ECOINNO -0.013 0.166 -0.064
(0.072) (0.121) (0.105)
_cons 3.690*** 3.688*** 3.337*** 3.347%** 3.743*** 3.732%**
(0.100) (0.101) (0.209) (0.210) (0.108) (0.109)
N 555 555 183 183 372 372
AdjR2 0.294 0.292 0.301 0.305 0.293 0.292
F(d.f.) 16.219(19) 15.598(20)  9.071(14)  8.644(15) 3.4D8(15) 12.728(16)
p-value 0.000 0.000 0.000 0.000 0.000 0.000

Standard errors in parentheses
* p<0.10, *p < 0.05, ** p < 0.01
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Because the results may depend on the ‘generaltenaif Els and ICT variables, simply
capturing the introduction of any kind of EI (ECONR) and of any kind of ICT based managerial
system (ICT_INTRO) we also run a different speaifion, which includes more specific Els and
ICT terms (Tab.2). When we detail in such a way ¢bgariates some more interesting results
emerge. At first, it is interesting to notice thhe introduction of El to save energy (ENERGY)
negatively relates to labour productivity for NorfETirms, while the opposite holds for Els
introduced to reduce GCemissions. Heavier and more regulated ETS firrasuaaffected by the
specific adoption of El and ICT. It is not complgteinexpected: again, innovation effects on
productivity, especially for some innovations, ag¢ low hanging fruits. Various motives might be
in place: the short time distance between innomadiad observed economic performances, the
effect of the 2009 recession which is between tirovation and the effects we observe, the
inability by single innovations to produce realible effects.

What we do note is a negative effect (non ETS fjrmisenergy efficiency innovations,
which are costly in the short term. They may impggllocation of investments and/or increases of
specific labor force, both negatively impacting productivity. The positive effect for CO2
innovations is worth being further investigated. \Wiegght observe that in the specific area we
examine, key non ETS manufacturing sectors are Hnacy’ and ‘food’. Those are historical
specializations of the Region. Those manufactusectors might proactively lead climate change
oriented investments due to their high exposuratiernational marketand strong relationships
with the territory, two elements that might eventtexa more than regulations in some cases
(Cainelli et al., 2012).

All in all, results confirm that for the whole salapf firms and the more pollutant ETS
firms, single adoption of innovations does not aupe crucial factor behind the enhancement of

productivity.
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Tab 2: Results from OLS regressions: specific ICT Bis covariates

Whole Sample ETS Sectors Non ETS Sectors
LnVaEmp2010-2011
Food 0.078 0.090
(0.065) (0.072)
Textile -0.321%** -0.328***
(0.065) (0.069)
Shoes -0.249*** -0.263***
(0.080) (0.082)
WoodRubbPlasOther -0.378*** -0.365***
(0.054) (0.053)
PaperPrinting -0.233** -0.014
(0.115) (0.113)
CokeChemical 0.122* 0.255%**
(0.061) (0.074)
NonMetallic -0.165** 0.028
(0.072) (0.087)
Metallurgy -0.202***
(0.041)
20-49 emp. -0.075 -0.048 -0.073
(0.050) (0.099) (0.059)
50-99 emp. -0.039 -0.071 -0.012
(0.045) (0.084) (0.053)
100-249 emp. -0.033 0.024 -0.058
(0.047) (0.086) (0.055)
KStockEmp0608 0.096*** 0.137*** 0.080***
(0.022) (0.048) (0.022)
CentralReg 0.035 -0.015 0.047
(0.030) (0.053) (0.037)
Prod -0.045 -0.128* 0.001
(0.035) (0.069) (0.041)
Proc 0.088** 0.176* 0.044
(0.039) (0.098) (0.039)
Export 0.185*** 0.220* 0.177**
(0.061) (0.120) (0.073)
Train_d 0.050 0.059 0.039
(0.034) (0.075) (0.042)
ENERGY -0.175* -0.048 -0.325%**
(0.076) (0.112) (0.102)
CO2 0.169* 0.066 0.296**
(0.091) (0.099) (0.146)
EMISSIONS -0.060 -0.096 -0.061
(0.066) (0.096) (0.090)
EMASISO 0.063 0.120 0.059
(0.059) (0.115) (0.068)
MRP -0.033 0.001 -0.046
(0.032) (0.059) (0.038)
ERP 0.032 0.030 0.056
(0.032) (0.065) (0.040)
ICT_BS -0.018 -0.042 -0.010
(0.030) (0.055) (0.038)
ICT_PROD -0.034 -0.005 -0.041
(0.034) (0.067) (0.040)
ICT_COOP -0.041 0.022 -0.067*
(0.033) (0.065) (0.039)
ICT_INFOSERV 0.035 0.059 0.021
(0.073) (0.070) (0.150)
_cons 3.705%** 3.277*** 3.780***
(0.131) (0.253) (0.156)
N 555 183 372
AdjR2 0.302 0.278 0.316
F(d.f.) 12.432(27) 5.929(22) 10.517(23)
p-value 0.000 0.000 0.000

Standard errors in parentheses
* p<0.10, *p < 0.05, ** p < 0.01
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The regressions in Tables 1 and 2 thus show thatBls and ICT variables, quite
unexpectedly, do not extensively affect the labproductivity besides specific and rare cases.
Nevertheless, this lack of evidence may still bberent with the fact that synergic adoption of
innovations is needed to reconcile EI with econop@adormances (the strong version of the Porter
hypothesis): more than one innovation is to be sabpThis leads to the key hypothesis of the
paper: whether a joint complementary oriented adopbf ICT and El is behind enhanced
productivity performances.

When we enhance our analysis by testing the congltarty among this set of variables,
interesting results emerge. Table 3 details theptementary tests conducted on Els and ICT
couples of variablé§ The complementary test suggests that in the whaieple and among ETS
sectors there is only a complementarity betweenntneduction of any kind of eco innovation and
the ICT practices related to buy-and-sell actigiti€¢his might suggest that the dematerialization
from ICT practices is associated with the introdwtof eco innovation once we consider the whole
sample and the ETS sector. As suggested in thatlite, the application of ICT can permit to
enhance the ‘impact’ of Els activities on firm’srfsgmance. However, the presence of this single
result points out that the existence of EIs/ICT ptementarities on productivity is not so
predictable. The complementarity between these'sploeres’ of innovation activities, as for other
types of innovations and other types of outputsrowdhich to measure the synergetic,
complementary effects (e.g. Schmiedeberg 2008;dp@dal. 2010; Hottenrott et al. 2012), cannot
be conceived as a ‘low hanging fruit’ that firmsha@asily reach through simple strategies. On the
contrary, the exploitation of the potential compéartarities likely needs the development and
deployment of complex innovation strategies thaaiemechno-organisational changes and human
capital empowerment (Antonioli et al. 2013). In aideh, the synergies among Els and ICT can be
very specific to ICT practices and Els adoptionoitder to verify the existence of these specigsiti

in complementarity we run our tests on specifidlEI§ couples as shown in tables 5, 6 and 7.

2 The set of tests is based on several regressianh, test refers to a single regression as speaifiequation (4). For
space constraint we do not report the regressigputs) but they are available upon request fromathbors.
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Tab.4: Complementarity tests for general ICT andremwental innovations. Output variable over which tests are computed is:
LnVAEMP2010-2011

ICT_D/ECOINNO

Whole sample

ETS Sectors

NonETS Sectors

Sign of the Sign of the Sign of the
(Mean value used Iingar . Iingar . Iin(_ear )
for dicotomisation) Wald test§ combination| Wald test§ combination| Waldtest8 combination
(b1+b4)+ (b1+b4)+ (b1+b4)+
(-b2-b3) (-b2-b3) (-b2-b3)
(Adj. p-vale (Adj. p-vale (Adj. p-vale
for: H_O: for: H_O: for: H_O:
coeff. 11+00 coeff. 11+00 coeff. 11+00
>= >= >=
coeff.10+01)" coeff.10+01)" coeff.10+01)"
ECOINNO ICT_INTRO 0.02 <0 1.31 >0 0.18 <0
(0.44) (0.87) (0.33)
ECOINNO MRP 2.25 <0 0.39 <0 1.26 <0
(0.06) (0.26) (0.13)
ECOINNO ERP 0.57 <0 0.18 >0 0.58 <0
(0.22) (0.66) (0.22)
ECOINNO ICT_BS 3.10* >0 4.07* >0 0.29 >0
(0.96) (0.97) (0.7)
ECOINNO ICT_PROD 0.59 <0 0.03 >0 1.21 <0
(0.22) (0.57) (0.13)
ECOINNO ICT_COOP 0.00 >0 0.56 >0 0.63 <0
(0.52) (0.77) (0.21)
ECOINNO ICT_SERV 0.00 <0 0.00 >0 2.08 >0
(0.49) (0.51) (0.92)

§ Since we are testing one linear restrictiontatha the Chi2 distribution has 1 degree of freedsrthe number of the linear

restrictions; HO: b1+b4-b2-b3=0; Critical valuesFodlistribution with one degree of freedom in thenewator: 6.63, 3.84 and 2.71
(***1%, ** 5% and * 10% level of significance resptvely);
“Adjusted p-value for inequality tests when the 8\Malstatistics has 1 degree of freedom in the natoer
(b1+b4)+(-b2-b3}0 is index of supermodularity
(b1+b4)+(-b2-b3)<0 is index of submodularity

Table 5 presents the results of the EIs/ICT cogplezific complementarity tests for the
whole sample of firms. The results suggest thatetiea complementarity between energy saving
innovations and the ICT used to manage buy-andaséilities, which supports the hypothesis that
ICT and energy saving technologies mutually reicdotheir impact on productivity, and that is
strategically optimal for firms to jointly introdecthese two types of innovations, because of the
productivity gains this strategy entails when coredao the adoption of one or the other of the two
ENRGY and ICT_BS. The same
EMASISO/ICT_SERV: jointly adopting certified gregmocesses of production and ICT used to

innovations: reasonirigo aholds for the couple
exchange information and services impacts moreénermptoductivity than adopting one or the other
of the two innovations. The implementation of e-ocoence practices seems to work in combination
with Els innovation to increase labour productivigven a better organization of economic
activities which reinforces the enabling effectttliar can have in the economy.

Although we have evidence of the two complemenariabove, we cannot neglect the
substitutability relation that seems to emerge betwthe following two specific innovations: Els

introduced to reduce emissions and the introductibiMaterial Requirement Planning (MRP)
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management system. This management practice penitsprove the process of production by
using computer based management and tracking systigich can be considered an enabling effect
of ICT adoption. This allows to increase flexihjliind efficiency in the production and distribution
process. The two specific types of innovations sdenincrease productivity more when not
adopted in combination, than when jointly implengehtThis result may be due, although we do
not test for that, to the lack of some needed tampkthanges in organization or in human resource
management practices. This absence in the productganisation may prevent the firm adopting
both the EMISSION and MRP innovations to fully exiptheir synergies.

Tab 5: Complementarity tests for specific ICT andiemmental innovations. Output variable over whikh tests are computed is:
LnVAEMP2010-2011

ICT_D/ECOINNO Whole sample
Sign of the Sign of the
linear linear
gme;r&ij;?;ﬁn) Wald test§  combination Wald test§ combination
(b1+b4)+(- (b1+b4)+(-
b2-b3) b2-b3)
(Adj. p-vale (Adj. p-vale
for: H_O: for: H_O:
coeff. 11+00 coeff. 11+00
>= >=
coeff.10+01)" coeff.10+01)"

ENERGY ICT_INTRO 0.28 >0 EMISSIONS ICT_INTRO 0.45 <0
(0.70) (0.25)

ENERGY MRP 1.09 <0 EMISSIONS MRP 3.37* <0
(0.14) (0.03)

ENERGY ERP 0.51 <0 EMISSIONS ERP 2.34 <0
(0.23) (0.06)

ENERGY ICT_BS 3.61* >0 EMISSIONS ICT_BS 0.83 >0
(0.97) (0.81)

ENERGY ICT_PROD 0.09 <0 EMISSIONS ICT_PROD 0.70 <0
(0.38) (0.20)

ENERGY ICT_COOP 0.00 <0 EMISSIONS ICT_COOP 0.09 >0
(0.49) (0.61)

ENERGY ICT_SERV 0.06 >0 EMISSIONS ICT_SERV 0.04 >0
(0.59) (0.58)

CO2 ICT_INTRO 0.06 >0 EMASISO ICT_INTRO 0.00 <0
(0.59) (0.49)

CO2 MRP 0.19 <0 EMASISO MRP 2.13 <0
(0.32) (0.07)

CO2 ERP 0.02 <0 EMASISO ERP 0.28 <0
(0.44) (0.29)

CO2 ICT_BS 0.17 >0 EMASISO ICT_BS 251 >0
(0.65) (0.94)

CO2 ICT_PROD 0.23 <0 EMASISO ICT_PROD 0.10 <0
(0.31) (0.37)

CO2 ICT_COOP 0.16 <0 EMASISO ICT_COOP 0.01 <0
(0.34) (0.53)

CO2 ICT_SERV 2.55 >0 EMASISO ICT_SERV 2.85* >0
(0.94) 0.95

§ Since we are testing one linear restrictiontatha the Chi2 distribution has 1 degree of freedsrthe number of the linear
restrictions; HO: b1+b4-b2-b3=0; Critical valuegrodlistribution with one degree of freedom in theneusator: 6.63, 3.84 and 2.71
(***1%, ** 5% and * 10% level of significance resptvely);

~ Adjusted p-value for inequality tests when theld\a statistics has 1 degree of freedom in the matoe

(b1+b4)+(-b2-b3}0 is index of supermodularity

(b1+b4)+(-b2-b3)<0 is index of submodularity
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Table 6 and 7 presents the complementarity teshersub-sample of firms belonging to
respectively ETS sectors and non EST sectors

The complementary tests on the ETS sample preseniieable 6 show that the combination
of ICT_BS with different type of environmental inragions, namely Emission reduction, Energy
saving practices and non-technological standarth ’ascEMAS leads to productivity gains. This
result is interesting as it shows that firms whagierate in regulated sectors are able to expleit th
potential productivity effects of the joint adoptiof specific ICT and El. In fact, it emerges also
that there is a complementarity between the adopifonon-technological standards (EMAS and
ISO certifications) and both ICT_INTRO and ICT_SERNe digitalization of services combined
with the adoption of green non-technological stadslaexert a complementary influence on
productivity, even in a period of ongoing econonsiowdown. Within the ETS sectors the
environmental innovation seems to go hand in haitkd the enabling effect of ICT adoption and
usage.

The complementary nature of specific Els and ICavwghby our results consistently relates
with a previous literature that underlines the pesieffect associated with de-materilisation of
different economic activities in greening the firmroduction process. In addition, our evidence for
ETS sectors, especially that showing complemergaramong different information technologies
and organizational changes adopted to meet greehEdhd ISO requirements, is also consistent
with several empirical works (e.g. Black and Lyr®01; Brynjolfsson et al. 2006) that point out
how investments in information technologies enablgsnizational changes, which in turn increase

output and productivity (Antonioli et al. 2010).
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Tab 6: Complementarity tests for specific ICT andiemmental innovations. Output variable over whikh tests are computed is:
LnVAEMP2010-2011

ICT_D/ECOINNO ETS Sectors
Sign of the Sign of the

(Mean value used linear linear

for Wald test§ combination Wald test§ combination

dicotomisation) (b1+b4d)+(-b2- (b1+b4)+(-b2-

b3) b3)
(Adj. p-vale (Adj. p-vale
for: H_O: coeff. for: H_O: coeff.
11+00 >= 11+00 >=
coeff.10+01)" coeff.10+01)"

ENERGY ICT_INTRO 141 >0 EMISSIONS ICT_INTRO 0.03 >0
(0.88) (0.56)

ENERGY MRP 0.25 <0 EMISSIONS MRP 0.62 >0
(0.30) (0.21)

ENERGY ERP 0.24 >0 EMISSIONS ERP 1.00 <0
(0.68) (0.15)

ENERGY ICT_BS 4.01* >0 EMISSIONS ICT_BS 2.90* >0
(0.97) (0.95)

ENERGY ICT_PROD 0.79 >0 EMISSIONS ICT_PROD 0.52 >0
(0.81) (0.76)

ENERGY ICT_COOP 141 >0 EMISSIONS ICT_COOP 2.39 >0
(0.88) (0.93)

ENERGY ICT_SERV 0.19 >0 EMISSIONS ICT_SERV 0.04 >0
(0.66) (0.58)

CO2 ICT_INTRO 0.31 >0 EMASISO ICT_INTRO 8.85%* >0
(0.70) (0.99)

CO2 MRP 0.16 >0 EMASISO MRP 0.63 >0
(0.65) (0.78)

CO2 ERP 0.01 >0 EMASISO ERP 1.84 >0
(0.52) (0.91)

CO2 ICT_BS 1.46 >0 EMASISO ICT_BS 3.05* >0
(0.88) (0.95)

CO2 ICT_PROD 0.25 >0 EMASISO ICT_PROD 2.23 >0
(0.69) (0.93)

CO2 ICT_COOP 0.01 >0 EMASISO ICT_COOP 0.79 >0
(0.54) (0.81)

CO2 ICT_SERV 0.59 >0 EMASISO ICT_SERV 3.69* >0
(0.77) 0.97

§ Since we are testing one linear restrictiontana the Chi2 distribution has 1 degree of freedsrthe number of the linear
restrictions; HO: b1+b4-b2-b3=0; Critical valuegrodlistribution with one degree of freedom in theneusator: 6.63, 3.84 and 2.71
(***1%, ** 5% and * 10% level of significance resptvely);

~ Adjusted p-value for inequality tests when thelé\fa statistics has 1 degree of freedom in the matoe

(b1+b4)+(-b2-b3}0 is index of supermodularity

(b1+b4)+(-b2-b3)<0 is index of submodularity

The reasoning concerning the results for ETS seatannot be translated to the firms
belonging to sectors less strictly regulated (No8] Tbecause, as Table 7 shows, the results are
largely in favour of substitutability between ElsdalCT. It might be the case that the timing in Els
and ICT adoption matters. For the NonETS firmsateption of disjoint ICT and Els is still more
fruitful than it is their combination in the prodian process. Although we cannot control for the
year of ICT and Els adoption we may argue that gimot subject to stringent environmental
regulation are late Els adopters with respect t& Eims: at the end of the period 2006-2008, we
can speculate. This late adoption, just beforeettmomic recession of 2009, may have displaced
these firms more than ETS firms, many of them cdwdsle adopted Els at the beginning of the

2006-2008 period, thus having enough time befoee¢lsession to optimally learn how to integrate
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green processes and technology with other innawgtiespecially ICT, and gaining productivity
advantages soon after the 2009 recession. Althdhkighinterpretation is matter of speculation
activity, a fact remains: the NonETS firms are lefde than their ETS counterpart to exploit
synergies among information technologies and enuiental innovations. In addition, this happens
despite the fact that among the NOnETS sectorsomatcdhe machinery sector, one of the most
technologically advanced sectors in Emilia-Romagegion and the backbone of the regional

industrial system.

Tab.7: Complementarity tests for specific ICT andiemmental innovations. Output variable over whilh tests are computed is:
LnVAEMP2010-2011

ICT_D/ECOINNO NOnETS Sectors
Sign of the Sign of the
linear linear
gme;r&ij;?;ﬁn) Wald test§  combination Wald test§ combination
(b1+b4)+(- (b1+b4)+(-
b2-b3) b2-b3)
(Adj. p-vale (Adj. p-vale
for: H_O: for: H_O:
coeff. 11+00 coeff. 11+00
>= >=
coeff.10+01)" coeff.10+01)"

ENERGY ICT_INTRO 0.88 >0 EMISSIONS ICT_INTRO 0.32 <0
(0.85) (0.28)

ENERGY MRP 0.29 <0 EMISSIONS MRP 2.19 <0
(0.29) (0.06)

ENERGY ERP 0.23 <0 EMISSIONS ERP 0.78 <0
(0.31) (0.18)

ENERGY ICT_BS 0.80 >0 EMISSIONS ICT_BS 0.01 <0
(0.81) (0.45)

ENERGY ICT_PROD 1.58 <0 EMISSIONS ICT_PROD 5.33* <0
(0.10) (0.01)

ENERGY ICT_COOP 1.14 <0 EMISSIONS ICT_COOP 1.24 <0
(0.14) (0.13)

ENERGY ICT_SERV 1.30 >0 EMISSIONS ICT_SERV n.f.
(0.87)

CO2 ICT_INTRO 0.13 >0 EMASISO ICT_INTRO 0.44 <0
(0.63) (0.25)

CO2 MRP 0.22 <0 EMASISO MRP 2.99*% <0
(0.31) (0.04)

CO2 ERP 0.07 >0 EMASISO ERP 0.66 <0
(0.60) (0.20)

CO2 ICT_BS 0.15 <0 EMASISO ICT_BS 0.56 >0
(0.35) (0.77)

COo2 ICT_PROD 3.53* <0 EMASISO ICT_PROD 4.43* <0
(0.03) (0.01)

COo2 ICT_COOP 0.93 <0 EMASISO ICT_COOP 0.47 <0
(0.16) (0.24)

CO2 ICT_SERV 2.92* >0 EMASISO ICT_SERV n.f.
(0.95)

§ Since we are testing one linear restrictiontana the Chi2 distribution has 1 degree of freedsrtha number of the linear
restrictions; HO: b1+b4-b2-b3=0; Critical valuesFodlistribution with one degree of freedom in thenewator: 6.63, 3.84 and 2.71
(***1%, ** 5% and * 10% level of significance resptvely);

~ Adjusted p-value for inequality tests when theld\a statistics has 1 degree of freedom in the matoe

(b1+b4)+(-b2-b3}0 is index of supermodularity

(b1+b4)+(-b2-b3)<0 is index of submodularity

n.f. means that the test computation is not feadiBcause one of the state of the world lack offiammy
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6. Conclusions

This article has aimed at studying to what extent thatjadoption of environmental
innovation and ICTs affect the labour productivafyfirms.

Our econometric evidence points out the existentebath complementarity and
substitutability among Els and ICT on labour pradity.

More in detail, once we consider the whole samplirims, the results show that there is a
complementarity between energy saving innovatiam$ the ICT used to manage buy-and-sell
activities, which supports the hypothesis that &s have an impact in productivity growth once
they are jointly introduced with ICT, really suppog the enabling effect. For the whole
manufacturing regional system the results stemrimorg our representative sample seem to weakly
support the ideas that competitive advantages reayained through the joint adoption of Els and
ICT, partially supporting the ‘strong’ version diet Porter hypothesis (Porter and van der Linde,
1995; Porter 2010).

However, detailing the analysis at subsample leweistinguishing most polluting and
regulated sectors (ETS) from the less polluting aedulated ones (NonETS), the results
considerably change.

On the one hand, our evidence shows that a complenity between the adoption of
certain type of ICT applications such as e-commairag digitalisation of the economic activities
and specific types of Els does exist, especialtyoiganisational changes adopted to meet green-
certificates requirements (e.g. EMAS, 1SO14001).isThesult corroborates, also for green
investments and innovation, what an empirical ditere has shown in terms of ICT and
organisational changes complementarity on prodiigt(Black and Lynch, 2001; Brynjolfsson et
al. 2006). Such an evidence, however, holds omyafoertain type of firms: those belonging to the
most polluting sectors and subject to ETS regutatlb seems quite clear we are in front of the
‘strong’ version of the Porter hypothesis at wg&licy stringency push the firms to invest in green
technologies and organisational changes, but ale tbe most technologically advanced firms,
especially in terms of ICT, which facilitate thesEadoption as well, to benefit from gains in
productivity.

On the other hand, for the less regulated firmssstubability relations mainly emerge
between EIl and ICT couples of innovation, thatoisay, larger gains in productivity are reached
through the adoption of Els or ICT, but not by ttieployment of their combinations. In the
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NONnETS sectors the Els strategies seem to notllyeeimbedded with the ICT strategies, lowering
down the potential ‘impact’ on labour productivity.

The results confirm the assumption that complemgigs are sector specific and innovation
specific. They do not hold in every manufacturiegtser and they do not hold for any mix of Els
and ICT adoption. The beneficial mix of innovatiadoptions for the firms, in terms of increased
labour productivity, must be carefully chosen amglemented.

Our study has some limitations which provide sutiges for future research. We have no
detailed information about the reasons that mavaihe adoption of ICT and environmental
innovation, however, the complementarity test shakat the joint adoption affects the labor
productivity of firms. The time span after the Bisd ICT adoption could be too short to provide

robust evidence on productivity ‘effects’, espdygiat a period of enduring economic slowdown.
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Appendix

Tab.Al - Distribution by sector and size of popigiatand sample firms

Population
Sectors Freq.| Percent Size Freq. Percent | Provincia® Freq. Percent
CokeChemical 130 3.2 20-49 2720 66,86 Out region 91 242
Food 382 9.39 50-99 726 17,85 BO 904 22.2P
Machinery 1,387 34.1 100-249 414 10,18 FC 346 8.51
Metallurgy 883 21.71 250+ 208 5,11 FE 196 4.82
NonMetallic 285 7.01 MO 891 21.9
PaperPrinting 197 4.84 PC 200 4,92
Shoes 236 5.8 PR 381 9.37
Textile 119 2.93 RA 229 5.63
WoodRubberPlasticOther 449 11.04 RE 667 16.4
RN 163 4.01
Total 4,068 100 4,068 100 4,068 100
Sample
Sectors Freq.| Percent Size Freq. Percent | Provincia® Freq. Percent
CokeChemical 28 5.05 20-49 208 37,48 Out redion 20 6 3.
Food 49 8.83 50-99 193 34,77 BO 115 20.72
Machinery 232 41.8 100-249 96 17,30 FC 40 7.21
Metallurgy 94 16.94 250+ 58 10,45 FE 30 5.41
NonMetallic 42 7.57 MO 124 22.34
PaperPrinting 19 3.42 PC 25 4.5
Shoes 12 2.16 PR 49 8.83
Textile 23 4.14 RA 32 5.77
WoodRubberPlasticOther 56 10.09 RE 96 17.3
RN 24 4.32
Total 555 100 555 100 555 100
~Provincia is a statistical geographical unit coded as NUTES8| by EUROSTAT
Tab. A2 — Construction of the variables used in the analysis
Economic Performance
LnVAEMP2010-2011 Log of the average value addadcppita on the period 2010-2011
Environmental Innovations
Environmental innovatior§COINNO) Dummy variable: 1 if the firm introduced an emvimental innovation; O otherwise
Energy/Material reduction per unit of Dummy variable: 1 if innovations addressed to reduse of materials and/or energy by output unit
product ENERGY) (included recycling) have been adopted; 0 otherwise
Dummy variable: 1 if innovations addressed to red0©2 emissions have been adopted; 0
CO2 reductionCO2) otherwise
Emissions reduction for soil, water and air Dummy variable: 1 if innovations addressed to redemissions for soil, water and air have been
(EMISSIONS) adopted; 0 otherwise
Adoption of procedures like EMAS and Dummy variable: 1 if procedures that structuratlgritify environmental performance have been
ISO14001 EMASISO) adopted; 0 otherwise
ICT
Dummy variable: 1 if the number of ICT managemsesstems implemented is above the sample
ICTNTRO average; 0 otherwise.
Dummy variable: 1 if the ICT management systdaterial Requirements Planning (MRP) has been
MRP introduced; 0 otherwise
Dummy variable: 1 if the ICT management systBmerprise Resource Planning (ERP) has been
ERP introduced; 0 otherwise
Dummy variable: 1 if the ICT systems implementeel aidressed to manage buying and selling
ICT_BS activities; 0 otherwise
Dummy variable: 1 if the ICT systems implementeel @idressed to manage the production process;
ICT_PROD 0 otherwise.
Dummy variable: 1 if the ICT systems implementeel @idressed to manage cooperation with
ICT_COOP clients and suppliers (e.g. post selling servid@gjtherwise.
Dummy variable: 1 if the ICT systems implementeel @idressed to manage the exchange of
ICT_SERV information and services; 0 otherwise.
INNOVATIONS
Prod 1 in firm introduced process innovation; 0 otherwis
Proc 1 in firm introduced product innovation; 0 otheraiis
TRAIN_D 1 if firm adopted training programs of any kindpiherwise
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Controls

Size dummies 4 size dummies according o the nuoftemployees: 20-49 employees; 50-99 emp.; 100e248.;
more than 249 emp)
Sector dummies.... 9 secotrs dummies accordingum aligit Nace Rev2 classification. Sectors areugenl according

to the Italian RAMEAdata. The whole set of sectominies is decomposed in two subsets of ETS

...ETS PaperPrinting, CokeChemical, NonMetallicMieraducts, Metallurgy

...NonETS Food, Textile, Shoes, WoodRubberPlasticQMachinery

CentralReg Dummy variable: 1 if the firm belong®te of the provinces constituting the backbonthef
Emilia-Romagna industrial system (Bologna, Parmegdé&ha, Reggio-Emilia); 0 otherwise

Export Percentage of turnover made on international market

KStockEmp0608 Average capital stock per capita on the period622008

Tab.A3 - Descriptive statistics

Whole sample (555 firms) ETS firms (183 firms) NBMS firms (372 firms)
Mean Standard Min Max Mean Standard Min Max Mean Standard Min Max
Deviation Deviation Deviation

Economic
Performance
LnVAEMP2010-
2011 4.01 0.39 2.13 5.40 3.97 0.39 2.13 4.87 4.03 0.38 2.35 5.40
Environmental
Innovations
ECOINNO 0.20 0.40 0 1 0.27 0.45 0 1 0.16 0.37 0
ENERGY 0.15 0.36 0 1 0.22 0.42 0 1 0.11 0.31 0
CcO2 0.12 0.32 0 1 0.16 0.37 0 1 0.09 0.29 0
EMISSIONS 0.14 0.35 0 1 0.19 0.39 0 1 0.12 0.32 0
EMASISO 0.14 0.35 0 1 0.18 0.39 0 1 0.13 0.33 0
ICT
ICTNTRO 0.44 0.50 0 1 0.30 0.46 0 1 0.51 0.50 0
MRP 0.36 0.48 0 1 0.22 0.42 0 1 0.42 0.49 0
ERP 0.48 0.50 0 1 0.37 0.48 0 1 0.53 0.50 0
ICT_BS 0.42 0.49 0 1 0.42 0.49 0 1 0.43 0.50 0
ICT_PROD 0.66 0.47 0 1 0.63 0.48 0 1 0.67 0.47 0
ICT_COOP 0.64 0.48 0 1 0.60 0.49 0 1 0.66 0.48 0
ICT_SERV 0.93 0.26 0 1 0.87 0.33 0 1 0.95 0.21 0
INNOVATIONS
Prod 0.70 0.46 0 1 0.62 0.49 0 1 0.73 0.44 0
Proc 0.68 0.47 0 1 0.69 0.46 0 1 0.68 0.47 0
TRAIN_D 0.80 0.40 0 1 0.85 0.36 0 1 0.78 0.41 0
Controls
Size dummies \ \ 0 1 \ \ 0 1 \ \ 0 1
Sector dummies \ \ 0 1 \ \ 0 1 \ \ 0 1
CentralReg 0.69 0.46 0 1 0.70 0.46 0 1 0.69 0.46 0
Export 0.33 0.31 0 1 0.26 0.27 0 1 0.37 0.32 0

KStockEmp0608  3.37 0.94 -0.99 6.11 3.60 0.86 0.04 566 3.26 0.95-0.99 6.11

[ N N

= P RhrRrRPRPPE

[EEN

A
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Appendix B

Selected questions for ICT and El variables contittn. The answers refer to the period 2006-2008.

ENVIRONMENTAL INNOVATION (El)

Q1: Did the firms adopt “environmental” products and/or process technological innovations that inducethe
following benefits?

Yes/No

1. Reduction in the use of materials and/or energguiput unit (including recycling)

2. CO, emissions reduction

3. Emission reductions that improve the qualitgaif, water and air

ENERGY=1 if Reduction in the use of materials and/or endrgputput unit (included recycling) marked as Yes;
otherwise

CO2=1if CO, emissions reduction marked as Yes; 0 otherwise

EMISSIONS=1 if Emission reductions that improve the qualitysofl, water and air; O otherwise

Q2: Has the firm procedures that structurally identify its environmental performance?

Procedure Yes/No
1. EMAS
2.1S0 14001
3. Others such as LCA, 1S014040, ..........cocevevennnns (specify

EMASISO=1 if EMAS or 1SO14001 or Others is marked as Yestherwise

ICT

Q3. Which types of management systems and networktegration did you adopt?

Yes/No

1. Management information system

2. Electronic Data Interchangej)

3. Material Requirements PlanninglRP)

4. Supply Chain ManagemersgM)

5. Customer Relationship ManagemeCRiM)

6. Enterprise Resource PlannifRP)
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ICT_INTRO=(number of the items in Q3 with a positive answer)/(number of all the items in Q3); dichotornsed

for complementarity test as 1 if the index is abaythe average and 0 otherwise
MRP =1 if the firm introduced MRP systems: 0 othervise

ERP =1 if the firm introduced ERP systems; 0 othenise

Q4. Which types of activities are supported by ICT?

Yes/No

1. Acquire information and services

2. Provide information and services

3. Manage buy-and-sell orders online

4. Manage the production process and control quatitl time

5. Cooperate with clients and suppliers (post-sgHiervices)

ICT_BS=1 if the item 3 in Q4 has a positive answef) otherwise
ICT_PROD-=1 if the item 4 in Q4 has a positive answg0 otherwise
ICT_COOP=1 if the item 5 in Q4 has a positive answg0 otherwise

ICT_SERV=1 if the item 1 or 2 in Q4 have a positivanswer; 0 otherwise
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