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This paper investigates the relation between greening in global companies and the upgrading
of manufacturing subsidiaries’ technological capabilities. Drawing on a proprietary database
of secondary source information about greening-related product and process upgrading, re-
search and technology development, and functional upgrading at 25 Hungarian manufacturing
subsidiaries, we identify two greening related mechanisms that propel the upgrading of sub-
sidiaries’ technological capabilities. First, greening enhances the organisational decomposi-
tion of innovation, which facilitates manufacturing subsidiary scientists’ and technicians’ par-
ticipation in the global R&D team of their owners. Second, greening related changes in corpo-
rate routines prompt the delegation of new, sophisticated business functions and activities to
subsidiaries. Some of the new tasks require subsidiaries’ indigenous technology efforts.1
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Introduction
Escaping from a low-wage specialisation trap and enhancing the upgrading of
local technological capabilities represent ongoing, major challenges for coun-
tries that operate behind the technology frontier and depend on foreign direct in-
vestment (FDI) inflows that push their actors ahead, along a modernisation tra-
jectory.

As illustrated by the economic history of Central and Eastern European (CEE)
transforming countries, these inextricably linked tasks are not easy to imple-
ment. Kravtsova and Radosevic (2012) pointed out that foreign investors’ mas-
sive technology transfers and the accompanying knowledge inflows have mainly
enhanced production (i.e. technology using) capabilities in CEE. Conversely, lo-
cal technology development capabilities have not much improved. Despite the
well-documented internationalisation of corporate research and development
(R&D) (see e.g. Moncada-Paternò-Castello et al. 2011 for recent trends and gen-
eral explanations, and Kalotay 2005; Rugraff 2014; Sass and Szalavetz 2014 for
documentation and analysis of the slowly increasing FDI in CEE’s R&D) domi-
nant part of foreign business enterprise-performed R&D can still be charac-
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terised as supporting local subsidiaries’ technology absorption rather than as a
technology frontier activity (Radosevic and Yoruk 2015).

The purpose of this paper is to explore whether the ongoing integration of envi-
ronmental aspects in corporate strategy in general, and in manufacturing related
activities in particular, can produce any improvement with respect to the upgrad-
ing of subsidiary-level technological and R&D capabilities in Central and East-
ern Europe.

In line with Radosevic and Yoruk (2015) we define production capability as the
capability to produce with given level of technology at world levels of efficiency
or productivity. Radosevic and Yoruk (ibid.) connect production capability with
a pertinent capability to perform minor improvements in existing products and
processes. Conversely, the capability to change (develop) products and processes
significantly, is referred to as technological capability. R&D capability, on the
other hand, is necessary either for frontier technology activities, or for using (ef-
fectively absorbing) knowledge generated elsewhere.

We depart from the proposition that at corporate level, there is a close associa-
tion between greening2 and innovation. The integration of environmental aspects
in corporate strategy requires product and process innovations, which further en-
hances the complexity of corporate R&D activities. Enhanced technological
complexity requires greater specialisation within the R&D function. This might
open up strategic opportunities also for CEE subsidiaries characterised by a
dominantly production-oriented mandate (Majcen et al. 2009). New tasks will be
assigned to manufacturing subsidiary engineers and scientists in connection with
addressing greening related challenges. Greening prompts the delegation of new,
sophisticated business functions and activities to subsidiaries. New tasks involve
additional transfer of technology and of intangible resources by parent com-
panies. More importantly, undertaking some of the new tasks requires sub-
sidiaries’ indigenous technology efforts. Subsidiary engineers’ mandates regard-
ing greening related process improvement will deepen. Demonstrated indige-
nous process innovation capabilities might prompt parent companies to involve
subsidiary scientists also in parent-company-coordinated global R&D activities.

Altogether, greening-driven changes in corporate routines propel subsidiary-lev-
el technological capability accumulation.

To assess these propositions, we use the empirical experience of the Hungarian
manufacturing subsidiaries of global companies. Information is drawn from the
content analysis of subsidiaries’ corporate announcements, annual reports (notes
to the financial statement), sustainability reports (if available) and from business
press articles on these subsidiaries’ greening and upgrading achievements.

2 This paper uses the term ’greening’ as a synonym for the integration of environmental as-
pects in corporate strategy, routines and practices.
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We focus on subsidiary-level environmental initiatives and use the umbrella
term of ‘greening’ to refer to their outcome. Greening-oriented initiatives repre-
sent the environmental component of overall corporate sustainability-oriented
initiatives. We are concerned with initiatives that are strongly linked to com-
panies’ core business activities, involving new or modified products, processes
and practices that reduce the impact of the given companies on the environment,
since these initiatives and practices are expected to be directly related to sub-
sidiaries’ upgrading and technological capability accumulation. Accordingly, we
consider neither host-country-level, legitimacy-oriented (corporate citizenship-
type) sustainability initiatives, such as philanthropic support targeting environ-
mental improvement in the region (or settlement) where the manufacturing sub-
sidiary is located, nor the greening of subsidiaries’ facility infrastructure, or ac-
tivities related to the social dimension of corporate sustainability.

Our aim is not to measure the intensification of subsidiaries’ greening related
R&D activities, rather to identify the diversity and the scope of the relations be-
tween global companies’ efforts to integrate environmental aspects in corporate
practices and the technology upgrading opportunities of their subsidiaries.

The remainder of this paper is organised in four sections. We first provide an
overview of the related literature. Next, we outline the research method and in-
troduce the sample of the companies surveyed. This is followed by the presenta-
tion of the results. The final section provides some conclusive remarks and elab-
orates on the limitations of our research.

Insights from the related literature
The focus of this paper is closely related to three strands in international busi-
ness literature discussing: (a) the relation between corporate environmental per-
formance and business performance; (b) subsidiary upgrading; (c) the organisa-
tional decomposition of innovation and the internationalisation of corporate
R&D.

One of the classical references concerning the interdependence of corporate sus-
tainability strategy and business performance is Elkington’s (1997) triple bottom
line approach that argues for a balanced consideration and simultaneous man-
agement of economic, social and environmental dimensions of sustainability.
These dimensions are not necessarily contradictory, as argued by Porter and Van
der Linde (1995). In contrast to the traditional approaches that posit a trade-off
between firms’ environmental and business performance (e.g. Palmer et al.
1995; Walley and Whitehead 1994), Porter and Van der Linde (ibid.) postulate
that firms might gain competitive advantage (e.g. cost advantages through re-
duced resources use and advantages from product differentiation, which facili-
tates access to new markets and contributes to enhanced revenues) by adopting
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environmental practices and investing in greening related resources. This is re-
ferred to as the Porter-hypothesis in the literature.3

Nidumolu et al. (2009) emphasize the close association between environmental
sustainability and innovation. These authors maintain that environmental sus-
tainability has become the key driver of corporate innovations: of both science-
based, technological and non-science-based innovations.

Indeed, over time, the focus of academic investigations has gradually shifted
away from the costs of compliance towards the profit opportunities offered by
the integration of environmental sustainability into business practices (Orsato
2009). A series of quantitative investigations presented evidence of a positive re-
lation between firms’ environmental and business performance (e.g. Albertini
2013; López-Gamero and Molina-Azorín 2015). Although it is recognised that
substantial variations exist in this positive relation, and not all firms can benefit
equally from shifting to a proactive environmental strategy (Albertini 2013;
Clarkson et al. 2011), it is safe to argue that the more the green initiatives are
integrated in companies’ overall business strategy (i.e. if they are interconnected
with multiple dimensions of corporate strategy: with both core and support func-
tions), the stronger this positive relation is (Michelon et al. 2013).4

Undoubtedly, according to a consensus thesis in the literature, green strategies
need to be integrated in and aligned with a number of business functions – this
thesis is closely related to the focus of our investigations.

Considered in a ‘dynamic capabilities’ perspective (Eisenhardt and Martin 2000;
Teece et al. 1997), as a response to the increased relevance of environmental is-
sues for business, firms need to adjust the way they conduct business: to reor-
ganise practically each of their business functions. They need to adopt or devel-
op new technologies, redesign the manufacturing and logistics processes, adjust
their organisation and corporate governance, and reconsider, among others, the
supply chain management strategy, the quality management and procurement
strategy, the brand management and marketing strategy, and the distribution and
after-sales strategy.

Changing business practices may, among others, boost the upgrading of manu-
facturing subsidiaries in global companies. Subsidiary upgrading is an evergreen
issue of interest for international business research (classical references include

3 See also Hart (1995) for a thorough discussion of competitive advantages resulting from
companies’ adoption of green practices.

4 The degree of integration of sustainability strategy in overall business strategy is only one
of the multiple moderating factors that influence the strength of the relation between envi-
ronmental and business performance. Other moderators include the industrial context (i.e.
whether the surveyed firms operate in a rapidly growing industry), organisational capabili-
ties, R&D capabilities, the specifics of environmental practices, the variables used for the
measurement of the correlation (Albertini 2013).
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Bartlett and Ghoshal 1989; Birkinshaw and Hood 1998; Jarillo and Martínez
1990). Co-evolving with their parent companies, subsidiaries absorb parent
companies’ transfers and accumulate specialised capabilities, which allows them
to increase the range and the sophistication of their mandates and move towards
higher-than-before value adding activities (see Majcen et al. 2009 for a discus-
sion of subsidiary upgrading in a CEE perspective).

The increased value added of subsidiary activities may be manifested in the field
of the products manufactured by the given company (product upgrading), or in
the improved performance indicators (efficiency, reliability, speed, quality, etc.)
of the production processes (process upgrading). A further dimension of sub-
sidiary upgrading is the take-up of additional (more knowledge-intensive and
higher value generating) business functions by companies specialised previously
only in production, referred to as functional upgrading (Humphrey and Schmitz
2002).5

One important research question within the literature on subsidiary upgrading
concerns subsidiary participation in its owner’s global innovative activities,
which would suggest the upgrading of subsidiary-level innovative or technologi-
cal capabilities (see survey by Sass and Szalavetz 2014). Prior literature indi-
cates that technological learning in CEE manufacturing subsidiaries has mainly
been confined to technical and engineering skill accumulation aimed at master-
ing and improving existing technology, rather than to developing R&D compe-
tencies aimed at new product or process innovation – despite some ad hoc anec-
dotal evidence of the contrary (Havas et al. 2015; Kravtsova and Radosevic
2012; Stephan 2013).6

Nevertheless, since the internationalisation of R&D activities orchestrated by
global companies has been gaining momentum (Dunning and Lundan 2009;
Lema et al. 2015; Moncada-Paternò-Castello et al. 2011; UNCTAD 2005), the
disjunction between technology use and technology generation that charac-
terised the transformation and integration decades of CEE may become less
tenacious than before. One of the main drivers of the intensification of R&D off-
shoring and of external technology sourcing is the growing technological com-
plexity of products and of manufacturing processes. For successful new product

5 In Humphrey and Schmitz’s (2002) taxonomy there is an additional upgrading category,
that of ‘intersectoral upgrading’. This refers to the cases where the accumulated competen-
cies are applied in new sectors that promise larger rents and beneficial externalities. This
paper does not consider this upgrading category, since it is rarely related to corporate
greening.

6 Looking beyond CEE, however, a rapidly expanding literature (surveyed by Lema et al.
2015) documents that local subsidiaries in selected rising-power countries have indeed sur-
mounted the decoupling of production and innovation capabilities, and have made ad-
vances in building innovation capabilities. This contributed to a shifting global distribution
of innovation power.
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development and also, for the continuous upgrading of manufacturing processes,
a growing number of specialised fields of knowledge need to be accessed and
coordinated (Chesbrough 2003), which opens up new opportunities also for pe-
ripheral subsidiaries that seek to host offshored R&D (Castellani and Pieri
2013).

Schmitz and Strambach (2009) advance a new concept to describe the changes
in global companies’ organisation of their innovation activities: the organisa-
tional decomposition of innovation. Although these authors underscore that the
seemingly spectacular geographical dispersal of innovation activities is confined
to problem solving, while problem framing is kept centralised by the headquar-
ters of global companies, it needs to be acknowledged that peripheral actors’ in-
creasingly intensive participation in problem solving certainly contributes to the
accumulation of their technological and innovation capabilities.

This paper attempts to bring these streams of the literature together through doc-
umenting and analysing the technological upgrading opportunities that open up
for manufacturing subsidiaries as a result of their owners’ integrating environ-
mental aspects in their business practices, across the whole corporation.

Based on the surveyed literature, we make the following propositions. The in-
creasing importance of environmental performance necessitates the transforma-
tion of global companies’ practices and routines. This enhances the magnitude
and the scope of their geographically dispersed innovation efforts – where inno-
vation is understood in accordance with its broad conceptualisation (Mytelka
and Smith 2002). These developments open up new opportunities for peripheral
manufacturing subsidiaries seeking to upgrade their technological and R&D ca-
pabilities.

Research method and sample
Since the purpose of this paper is to explore a complex and multifaceted issue –
how greening is associated with the upgrading of technological capabilities in
manufacturing subsidiaries, and analyse actors’ efforts and initiatives in real set-
tings, grounded theory seemed an appropriate choice for research methodology
(Glaeser and Strauss 1967; Suddaby 2006; Yin 2003).

Our investigation involved three procedures: (a) selection of a sample of firms,
(b) development of a database of qualitative information on these firms’ green-
ing related technology upgrading, technology development activities and func-
tional upgrading, and (c) review and content analysis of the database of qualita-
tive information.

The empirical context of our study is the experience of manufacturing sub-
sidiaries in Hungary. We selected two medium-high environmental-impact in-
dustries: automotive and machinery. These industries were selected on the basis
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of their importance to the Hungarian economy (machinery and automotive in-
dustries accounted for 7.5% and 29.8 % of total manufacturing sales respective-
ly, in 2015 – source: Central Statistical Office Hungary). An additional factor
that motivated our selection was to take advantage of the author’s familiarity
with these industries (and prior interviews with selected companies in this sam-
ple).

Applying a purposeful sampling method (Patton 1990), we first selected a sam-
ple of nine companies. According to Patton (1990) the aim of purposeful sam-
pling is the selection of information-rich cases, i.e. companies whose cases
promise insightful observations about issues related to our research. These com-
panies are members of Követ Association for Sustainable Economies, a Hungar-
ian platform for promoting sustainable business management, and are recog-
nised as sustainability leaders within their industries. The environmental initia-
tives of these companies are summarised in the Association’s database of case
studies.

This initial sample was extended with information gathered from focussed
searches of companies’ environmental sustainability-oriented initiatives pub-
lished in the Hungarian business press. Six journals and six web portals7 have
been reviewed, from January 2014 to August 2016.

Performing focussed searches required first the development of a list of corpo-
rate environmental initiatives related keywords. Drawing on our review of the
literature (part of which was) summarised in the previous section, we used the
following search queries: green(ing), eco-innovation, eco-design, energy & ma-
terial efficiency, green logistics, energy-saving technology, environmental sus-
tainability, environmental management system, ISO 14001, ISO 50001, EMAS
certification, circular economy related innovation, remanufacturing, waste re-
duction, recycling.

These keywords were individually entered as search queries in the surveyed web
portals and journal websites. The returned titles were screened and the titles in-
dicating a corporate case in the content were opened for first check, and saved if
they proved relevant. This ‘hand-picked’ survey produced a list of 23 additional
companies. This list was filtered to include only foreign-owned companies, op-
erating in the two selected industries. As a result, 16 additional companies have
been added to the sample. Altogether, our database consists of 25 companies op-
erating in the automotive (15) and machinery (10) industries (sample companies
are listed in the Annex). Table 1 provides some data on the characteristics of the
surveyed companies.

7 The surveyed journals and web portals were as follows: Gyártástrend, Supply Chain Moni-
tor, HVG, Logisztikai Hiradó, A jövő járműve; Piac & Profit; www.innoteka.hu;
www.kovet.hu; www.ablakonbedobottpenz.hu; www.autopro.hu; www.leanforum.hu;
www.techmonitor.hu.
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Table 1: Characteristics of the companies in the sample

Sample size 25

Automotive companies 15

Machinery companies 10

Average employment (2015) 2,184

Average turnover (€ million, 2015) 781.25*

Local subsidiaries with formal R&D departments 18

Local subsidiaries that have published sustainability reports 68

Stylised facts from the analysis of qualitative evidence**

Companies with
 

n Greener-than-before products 23

n Increased process sustainability 21

n Functional upgrading: greening related new tasks/responsibilities 17

n Remanufacturing 5

n Circular innovation (redesigned products) 2

n Greener-than-before (plant) logistics 14

* n = 24
** Note that the lack of information about selected greening related developments does not
necessarily mean the lack of such developments.
Source: Author’s calculations

We complemented the initial stock of qualitative evidence (gained from Követ’s
database and case studies) with the documents gained as a results of our fo-
cussed searches (business press information on greening related developments at
and on the upgrading performance of the companies in the sample. Additionally
we reviewed sample companies’ corporate websites, notes to the financial state-
ment and sustainability reports (if available). Our focussed searches have pro-
duced altogether 117 written documents about greening related developments
and upgrading at the companies in the sample. These documents were read and
their content analysed ‘manually’ in three rounds.

First, when building the database and compiling information, we simultaneously
reviewed the accumulating qualitative evidence to identify common patterns and
features that characterise these companies’ greening related developments and
upgrading results. This helped us refine the research questions. Our initial
question,

8 This refers to the number of formal sustainability reports published in Hungarian. As a
matter of fact, most of the companies in the sample published information on their sustain-
ability strategies, values, goals and achievements. Some of them provide links to the corpo-
rate-level sustainability report, but only few publish a formal report in Hungarian.
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RQ0: Do the greening related initiatives feature any common patterns across
the surveyed subsidiaries?

– was thus complemented with two other questions, prompting a re-reading of
the documents and a second round of analysis.
RQ1: Can greening be directly associated with the upgrading of the sample

companies?
RQ2: Which of the upgrading categories, as detailed in Humphrey and

Schmitz’s (2002) above-listed taxonomy of upgrading, can be associated
with the observed greening related developments?

These questions have guided our interpretation of the “daily realities” (Glaeser
and Strauss 1967: 239) of the surveyed actors’ greening and of the upgrading of
their technological capabilities. Thus, in the second round of the review, we
formed ideas about the identified phenomena and generated propositions about
the relationships among them. Combining the individual themes that emerged in
the course of the two rounds of analysis, we have formulated the main research
question to be answered following a third, final round of reviewing the database
and clustering the evidence into the cited taxonomy of upgrading.
RQ3: How is manufacturing subsidiaries’ shifting to greener products and

cleaner practices related to the upgrading of their technological capabili-
ties?

Results
Despite the apparent heterogeneity of the surveyed rich qualitative evidence,
two conspicuous commonalities can be identified. The first one is that greening
related developments are closely related to upgrading, more specifically, to each
of the upgrading categories detailed in Humphrey and Schmitz’s (2002) taxono-
my: product upgrading, process upgrading and functional upgrading (see foot-
note 4). Second, that greening related developments required subsidiaries’ non-
negligible indigenous technology development efforts.

Greening and product upgrading
Some of the most conspicuous greening related developments at sample com-
panies concerned their take-up of the production responsibility for new, greener-
than-before products. Indeed, the ‘greening’ of products is widely communi-
cated by practically all companies in the sample.

Our survey identified four types of greening related product innovation:
(a) General improvements in product quality parameters, such as longevity, reli-

ability, durability. These parameters were considered environmental sustain-
ability related since they extend the lifespan of the products;
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(b) ‘Greening’ of the components or the materials used: replacing inputs that are
pollution-intensive. Examples include companies’ switching to green adhe-
sives or to other materials with a lower-than-before environmental impact,
for example, to recycled material;

(c) Improved environmental sustainability related to product use: for example
improved energy efficiency, fuel efficiency,9 reduced noise level, reduced
maintenance costs;

(d) Circular innovation: products have been redesigned for easier disassembly
and reuse.

According to the surveyed corporate information, over the past couple of years,
the relevance of the above product development initiatives for the upgrading of
subsidiary technological and R&D capabilities has become more straightforward
than before. While subsidiary-level product upgrading previously referred to
taking up the production tasks of the new or upgraded products that had been
developed outside Hungary (by scientists and engineers in one of the global
R&D centres of the global owners), nowadays subsidiary contribution goes be-
yond taking up the production tasks of new (greener-than-before) products that
had been developed elsewhere.

As detailed in several interviews published in the surveyed business press, new
products have been developed by global teams that include also Hungarian ex-
perts. While new product concepts are usually advanced by the experts of the
headquarters, the intellectual input of subsidiary scientists and engineers is also
incorporated in the new products.

Our database contains information also about the specifics of subsidiary-level
contribution to product development. Besides types of expertise that can be con-
sidered a usual contribution by upgraded manufacturing subsidiaries, such as
analysis of manufacturability, prototype development and tooling, we identified
several cases, where subsidiary scientists participated in new product develop-
ment-related fundamental, close-to-basic-research activities. (Note that our sam-
ple consists of flagship R&D-intensive companies. 18 subsidiaries, i.e. more
than 70% of the sample, have formal R&D departments). Examples include
(a) tribology-related research;10

9 Example of product innovation leading to improved fuel efficiency is automotive com-
panies’ replacing traditional cast iron components with lightweight materials. This re-
duces the mass of the final product, and thus, results in reduced fuel consumption.

10 Tribology is a research field at the intersection of mechanical engineering and materials
science, its results are applied in the engineering of interacting surfaces in relative mo-
tion. Tribology is closely related to sustainability since this research aims at reducing the
inefficiencies in mechanical systems (e.g. vehicles, industrial machinery) caused by fric-
tion. These inefficiencies reduce the performance of the given system and increase its en-
ergy- or fuel intensity.
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(b) research of the modifier elements in aluminium foundry alloys (that improve
tensile strength and other mechanical properties of automotive components);

(c) research on integration of advanced materials (e.g. non-ferrous, light metals
and multi-material solutions) in vehicles;

(d) research on combustion and emission characteristics of ignition engines
(e) research to improve the operational efficiency of hybrid and electrical vehi-

cles;
(f) research on autonomous driving.
The above list of R&D activities suggests that subsidiary scientists are spe-
cialised in narrow and highly specific segments of the complex product develop-
ment process.

Additional subsidiary-level R&D activities included modelling and simulation.
These activities envisaged either the testing of vehicle components and subsys-
tems in a virtual reality environment, or the design and scale-up of production
lines for new products. The increased use of modelling and simulation repre-
sents a shift to eco-practices in product innovation, since virtual simulations al-
low for saving material and energy.

While the aforementioned examples reflect subsidiary scientists’ participation in
basic and applied research envisaging green product development, our survey
has also identified examples of local engineers’ participation in circular innova-
tion projects concerned with the redesign of products to facilitate their disassem-
bly and remanufacturing.

To summarise this cluster of evidence, a meaningful number of developments
suggests a growing and deepening participation by manufacturing subsidiary en-
gineers and scientists in the complex product development initiatives of their
global owners. An increasingly important part of these initiatives concerns the
greening of products. However, greening drove the accumulation of subsidiary
R&D capabilities only indirectly, by adding to the complexity of product devel-
opment efforts. The main direct driver of the delegation of R&D activities to
subsidiaries was global companies’ recognition that the increased technological
complexity of products necessitates access to and assembly of globally dispersed
knowledge. Global companies have thus become more inclined to offshoring
also some relatively advanced R&D activities.

Greening the manufacturing processes and upgrading
One of the most frequent greening related developments identified by our re-
view, was the implementation of formal programmes that address process effi-
ciency ‘from a carbon perspective’. Several companies set up formal medium
and long-term targets for reducing and/or recycling selected material inputs, re-
ducing CO2 emission and saving energy. The implementation of these strategic
plans was usually related to acquiring environmental management (ISO 14001)
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and/or energy management (ISO 50001)11 certification. They were often accom-
panied by the surveyed companies’ shifting to total productive maintenance and
implementing smart and energy/resource efficient technologies.

In these cases sustainability was the explicit purpose of the announced initia-
tives, and process development, i.e. the formal review, measurement and im-
provement of processes were ways to achieve this purpose. Process development
activities were performed by subsidiary engineers, which enhanced the develop-
ment of local technological capabilities.

In other cases the direction of causality was reversed: process optimisation was
the purpose, and greening was the outcome.

Investment in process optimisation was an across-sample commonality. These
efforts were communicated as ‘greening the manufacturing process’. Over and
above ‘greenwashing’, the continuous development of the production process
can, indeed, be related to greening, since process development usually leads to
increased eco-efficiency.12 Process efficiency improvement e.g. in the form of
better process scheduling and reduction of idle time is directly related to envi-
ronmental sustainability improvement, since for most advanced manufacturing
technologies, for example, in the case of CNC machines, the power consumption
during idle (stand-by) state is almost as much as in production (Dornfeld 2014).

Process efficiency improvement was often the result of implementation of indus-
try 4.0 technologies in the surveyed companies. The continuous reorganisation
of the production system and the introduction of cyber-physical solutions have
brought about sizeable productivity improvement, and contributed to achieving
considerable resource efficiency gains and reductions in energy use. Smart pro-
duction monitoring and production control solutions, for example, allowed to
detect leaks in the compressed air system and thus, save energy.

Consequently, linking process optimisation to greening is far from being arbi-
trary reasoning.13 It can be asserted that most investments in process upgrading
can be considered as serving also the purpose of greening, even if only part of
them have been made with the explicit purpose of environmental sustainability.

By the beginning of the surveyed period, some companies had just completed
their transition to radio-frequency identification (RFID)-based e-kanban system:

11 If the energy management of a plant or industrial company is certified as sustainable (ISO
50001), it means the given unit has completed a comprehensive survey of its energy use,
has made a commitment to improve its energy performance (energy use and energy pro-
curement) continuously, and documents its progress.

12 One self-evident example is investment in new production equipment. As new equipment
embodies technology that is usually more energy efficient than older vintages, investment
improves environmental sustainability.

13 Consider the vast amount of the literature about ‘lean’ being the new ‘green’ (surveyed
by Dües et al. 2013).
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an important milestone in both process automation and transition to paperless
operation management. RFID technology implementation has beneficial impact
on companies’ environmental sustainability performance through improved
tracking of material and inventories, and through facilitating green supply chain
management (Sower et al. 2013). Furthermore, optimised plant logistics, i.e. the
reduction of unnecessary material flows reduced overall energy consumption.

The expansion of production often necessitated the construction of new produc-
tion sites, which permitted manufacturing subsidiaries to shift to new (greener-
than-before) technology and to leapfrog to the best available technology solu-
tions.

Examples of leapfrogging
One example is the implementation of a smart coolant management technology at one of the
surveyed companies, an automotive original equipment manufacturer. The company uses
coolants in machining to reduce heat caused by fast machining and reduce friction by washing
away grinding abrasion and metal chips. Until recently, the plant was running central emulsion
systems installed in 1996 to supply the machining lines with coolants. The pumps ran continu-
ously, with excess emulsion recirculated back to the central system via a bypass line. At the new
plant of the company, inaugurated in 2011, “the bypass line was dismantled and a self-teaching
control system was implemented. With the new approach, the plant is able to provide intelli-
gent emulsion supply by taking into account a significant number of operation parameters. For
instance, incorporated measurement devices follow the variation of the emulsion pressure in
the different systems, while an algorithm adjusts the necessary level of intervention. The system
is now able to maintain energy-efficient working processes using the adaptive power control of
the emulsion supply pumps. As a result of the project, one of the existing central coolant system
pumps could be disabled, allowing power demand to decrease by 270kWh. This allowed the
plant to achieve a reduction in electricity consumption of 1,760MWh a year, equal to a cost sav-
ing of €184,000, which in turn corresponds to an annual 595-tonne reduction in CO2 emis-
sions.”14

Another example (at two other companies) is the implementation of driverless
transport systems (instead of continuously running conveyors) that supply as-
sembly line workers with prepared ‘shopping baskets’ containing the parts and
components to be assembled, arriving at the line in sequence with the tasks to be
performed.

Altogether, greening and process upgrading have proved to be strongly interwo-
ven. Moreover, we found that upgrading was not confined to production capabil-
ities: greening-driven process development was accompanied also by the accu-
mulation of local technological capabilities, since it necessitated indigenous re-
search and technology development by the subsidiaries in question.

14 Source: Fluid thinking in machining. Automotive Manufacturing Solutions, 03 June,
2015. Available at: http://www.automotivemanufacturingsolutions.com/technology/fluid-t
hinking.
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For example, subsidiary engineers have optimised processes through virtual en-
gineering, relying on smart visualisation solutions (on the digital representation
of factory layout). Virtual technologies facilitated the optimisation of logistics
flows and engineers could experiment with alternative technological solutions.
Absorbing and mastering virtualisation and other advanced manufacturing and
decision support technologies necessitated, however, substantial technological
learning. Conversely, these solutions opened up new opportunities for sub-
sidiaries to take up sophisticated research assignments.

Greening and functional upgrading
As pointed out earlier, when global companies engage into a greening-oriented
transformation of their business practices, they need to reorganise corporate rou-
tines in a variety of business functions. Environmental strategies are successful,
where success is defined, in line with the approach of Porter-hypothesis, as a
win-win situation, if they are integrated in the broader context of firms’ compet-
itive strategies. Integrated environmental sustainability strategies will thus influ-
ence the mix and the content of activities across the whole corporation. Accord-
ingly, they are expected to contribute to manufacturing subsidiaries’ functional
upgrading, to their take-up of additional, more knowledge-intensive and higher
value generating business functions.

When reviewing the information collected in our database, we paid special at-
tention to allusions to subsidiaries’ environmental sustainability related func-
tional upgrading, on the assumption that this kind of functional upgrading is
strongly related to the upgrading of their technological capabilities. We hypothe-
sised that the delegation of new tasks and activities to manufacturing sub-
sidiaries in the framework of a greening related reorganisation of business pro-
cesses will enhance subsidiaries’ indigenous technology efforts.

Indeed, our results indicate that greening related new assignments have con-
tributed to the technological learning and capability accumulation in the sur-
veyed subsidiaries.

Our survey identified a number of greening-related new tasks and activities that
qualify as functional upgrading, and necessitate new skills and capabilities. Ex-
amples include
(a) Monitoring a number of environmental indicators related to the production

activity: gathering and analysing environment related data;
(b) Performing environmental and energy audits to identify potential for waste

reduction and energy saving. Defining and implementing the consequent ac-
tions for improvement;
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(c) Planning and implementing energy and resource efficient infrastructure up-
grading projects at the production site15;

(d) Shifting to (computer supported) total productive maintenance to improve
resource efficiency and reduce waste;

(e) Providing environmental training to employees;
(f) Providing environmental training and consultancy services to users / cus-

tomers;16

(g) Implementing green supplier development programmes, auditing local (re-
gional) suppliers’ environmental performance;

(h) Setting up an environmental management system;
(i) Undertaking environmental sustainability related product and process devel-

opment activities;
(j) Developing green packaging solutions;
(k) Designing for disassembly and reuse or recycling;
(l) Taking up remanufacturing, reconditioning and repair activities;
(m) Greening and upgrading plant logistics.
While the activities listed before (h) could, in principle, all be included under
this item, they were listed separately, because environmentally conscious activi-
ties have been taken up gradually by the surveyed companies (obviously, not al-
ways in the order listed here). Conversely, the last four bundles of activities (i -
m) are not directly related to environmental management practices but rather to
corporate routines and business functions17 that have been reorganised as a re-
sult of the global companies’ adoption of an integrated sustainability strategy. At
the same time, they can best exemplify the greening related upgrading of sub-
sidiaries’ technological capabilities.

Besides traditional production activities, five companies in the sample are spe-
cialised also in remanufacturing, i.e. in restoring used products to a ‘like-new’
functional state by disassembling, cleaning and rebuilding it, and replacing de-
fective components to ensure it meets or exceeds newly manufactured product
standards (Sundin and Brass 2005). According to interviews (Szalavetz 2016),

15 Investment in the greening of the factory infrastructure was a common sustainability-ori-
ented initiative at the surveyed subsidiaries. Examples include the installation of renew-
able energy solutions, such as solar panels, or heat pumps to recover waste heat. One sub-
sidiary opted for switching the heating system to geothermal energy. Others implemented
energy-saving lighting systems, and/or upgraded the insulation of production facilities
and of offices. Others, again, implemented smart air-conditioning and lighting systems
that save energy.

16 The sales channel of dominant majority of the sample companies was intra-firm. There
were a couple of companies, however, specialised in designing and implementing com-
plex systems, and delivering them to domestic or global customers. The activity mix of
these companies included also provision of environmental consultancy services to cus-
tomers.

17 Activities (i, j and k) also qualify as product development and product upgrading.
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the incorporation of remanufacturing in the business models of global com-
panies has also contributed to the functional upgrading of their Hungarian sub-
sidiaries. Remanufacturing activities are often located to low-cost production fa-
cilities, because of their relatively high labour-intensity, and also because reman-
ufactured products are lower-cost alternatives to traditional new products.18

However, since the knowledge-intensity of remanufacturing – an activity at the
intersection of production and services activities (Opresnik and Taisch 2015)
that is characterised by relatively low level of automation, higher uncertainties
about quality, lack of established standards and small batch sizes – is higher than
that of average production activities, specialisation in this activity requires the
accumulation of the related problem-solving, testing and technological innova-
tion capabilities by the subsidiaries in question.

Turning our attention now to plant logistics, our survey results indicate that the
quest for optimisation prompted significant research and development efforts by
the surveyed subsidiaries.

Logistics related R&D was carried out in collaboration with researchers of local
universities and of specialised services providers. The surveyed companies have
mostly sponsored R&D undertakings envisaging solution provision to their spe-
cific production logistics problems (e.g. modelling material flows, optimising
plant layout to reduce energy use; implementing simulation-based evaluation
and optimisation of production logistics systems). Sometimes they also support-
ed close-to-basic-research undertakings (e.g. use of artificial intelligence meth-
ods for controlling warehouse management issues, developing path planning and
navigation algorithms for coordinating the fleet of automated guided vehicles in
automated warehouses).

Conclusions
Drawing on a database of observations on greening related technology upgrad-
ing, technology development and functional upgrading at Hungarian manufac-
turing subsidiaries, this paper investigated whether greening in global companies
can enhance the upgrading of manufacturing subsidiaries’ technological and
R&D capabilities.

A variety of mechanisms and channels was identified through which greening in
global companies entails the upgrading of manufacturing subsidiaries in general,
and of their technological and R&D capabilities, in particular.

18 Chen and Chang (2012) show that hybrid business models that include both production
and the remanufacturing of end-of-use products can outperform their manufacturing-only
counterparts if non-negligible part of the overall demand is characterised by relatively
high price sensitivity and/or if remanufacturing cost is low (this latter factor is important
from the perspective of the surveyed subsidiaries).
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Greening was found to be closely related to each of the upgrading categories,
detailed in Humphrey and Schmitz’s (2002) taxonomy of upgrading. Greening
was closely associated also with subsidiary-level research, development and in-
novation activities: with product and process development related basic and ap-
plied research.

We found that greening has further increased the technological complexity of ac-
tivities and thus, enhanced specialisation within global companies’ overall R&D
function. Altogether, greening intensified the organisational decomposition of
innovation in global companies, prompting strategy realignment. The organisa-
tion of corporate R&D in global R&D teams (Von Zedtwitz et al. 2004) and the
willingness of corporate headquarters to delegate partial R&D tasks among oth-
ers to manufacturing subsidiaries have fostered manufacturing subsidiary scien-
tists’ and technicians’ learning and capability accumulation.

Further, greening related changes in corporate routines opened up opportunities
for manufacturing subsidiaries to take up (partial) responsibility for new, sophis-
ticated business functions and activities. Some of the new responsibilities re-
quired subsidiaries’ indigenous technology efforts.

Our results extend the Porter-hypothesis by putting it in the perspective of head-
quarter–subsidiary relations. We found that the win-win situation posited by the
Porter-hypothesis applies not only to global value chain orchestrators. Lead
firms’ manufacturing subsidiaries also benefit from their owners’ efforts to shift
to greener products and to cleaner practices: these developments open up up-
grading opportunities for them.

A key managerial implication of our findings is that proactive, entrepreneurial
subsidiary behaviour (Birkinshaw 1996; Birkinshaw and Hood 1998) is timelier
than ever. The greening related accumulation of specialised capabilities in man-
ufacturing subsidiaries can more effectively influence the headquarters’ resource
and charter allocation decisions than subsidiaries’ previous efforts to gain R&D
assignments. Subsidiary managers striving to improve the competitive position
of their units within the organisation of their global owners should identify and
grab new, greening-driven opportunities for R&D networking both within the
global company and externally (establish backward R&D linkages locally).

This research has a number of limitations. One limitation is the biased sample
selection, as we have selected companies that had disclosed information about
their successful environmental practices. These companies are not representative
of the whole population of local manufacturing firms, not even of firms operat-
ing in the selected industries. Furthermore, in line with Hart (1995) it needs to
be reiterated here that environmental management and innovation in environ-
mental technologies are difficult to separate from firms' other activities. As ar-
gued earlier, firms tend to attach a green label to any activity and achievement
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they consider worth being disclosed. In this vein, in a dominant majority of the
cases, subsidiary upgrading is considered as being related at the same time to
greening, which might not always be the case.
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Annex: Sample companies
Legrand Zrt. Grundfos Mag-

yarország Gyártó
Kft.

SMR Automotive
Mirror Technolo-
gy Bt.

BPW Hungária
Kft.

Delphi Hungary
Kft.

Audi Hungária
Motor Kft.

Linamar Hun-
gary Nyrt.

Nemak Győr Kft. Knorr Bremse
Hungária Kft.

ThyssenKrupp
Presta Kft.

Mercedes-Benz
Manufacturing
Hungary

GE Hungary (GE
Power and Wa-
ter)

Robert Bosch
Power Tools Kft.

Siemens Zrt. BorgWarner
Oroszlány Kft.

Schaeffler Group
Luk Savaria Kft.

Valeo Auto-Elec-
tric Mag-
yarország Kft.

Opel Szentgot-
thárd Kft.

Remy Automo-
tive Hungary Kft.

Phoenix Mecano
Kecskemét Kft.

Electrolux Lehel
Kft.

Claas Hungária
Kft.

Denso Kft. Continental Au-
tomotive Hun-
gary Kft.

Kuka Robotics
Hungária Kft.
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