Environmental Science and Policy 112 (2020) 318-329

Contents lists available at ScienceDirect

Environmental
Science &
Policy

Environmental Science and Policy

journal homepage: www.elsevier.com/locate/envsci

Digital transformation and environmental sustainability in industry: Putting = M)

Check for

expectations in Asian and African policies into perspective At

Stefanie Kunkel*, Marcel Matthess

Institute for Advanced Sustainability Studies e.V. (IASS), Berliner Strafle 130, Potsdam, 14467, Germany

ARTICLE INFO ABSTRACT

With the increasing use of information and communication technologies (ICTs) in industrial production, the risks
and opportunities of these technologies for environmental sustainability as well as political awareness about
these risks and opportunities become increasingly important. In this paper we analysed digital and industrial
policies of four Sub-Saharan African countries (South Africa, Rwanda, Kenya, Nigeria) and three East Asian and
Pacific countries (China, Thailand, Philippines) regarding their expectations about the impacts of ICTs in in-
dustry for environmental sustainability. We built on existing frameworks for the assessment of ICTs that dis-
tinguish between direct environmental effects which occur during the lifecycle of ICTs and indirect environ-
mental effects which result from the application of ICTs in a variety of production processes and economic
activities. We used qualitative content analysis to explore and analyse policy expectations regarding both direct
and indirect environmental impacts of ICTs in industry. Our analysis showed that policies express a broad range
of vague expectations focusing more on positive indirect impacts of the use of ICTs, e.g. for enhanced energy
efficiency and resource management, than on negative direct impacts of ICTs, e.g. electricity consumption of
ICTs. Moreover, expectations differed between countries and there was no shared theme that emerged in all
policies. We suggest that policies must go beyond awareness of selected opportunities towards the integration of
a more systemic understanding of interlinked direct and indirect impacts and pursue targeted measures to
employ ICTs as tools for environmentally sustainable industries.
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1. Introduction

Industrial production has significant environmental implications
worldwide. The industrial sector accounted for 36 % of global total final
energy consumption and 24 % of global CO, emissions in 2014 (IEA,
2017b). While energy efficiency of production is improving in many
areas, the overall environmental burden presented by industrial pro-
duction is assumed to grow (UNIDO, 2017b). With accelerating digital
transformation in industry, i.e. the increasing development and appli-
cation of information and communication technologies (ICTs) in man-
ufacturing and service industries (IEA, 2017a; WBGU, 2019), science
and society discuss the role of ICTs for environmentally sustainable
industrial development (Banga and te Velde, 2018; Global e-
Sustainability Initiative (GeSI), 2020; World Bank, 2016).

A broad body of scientific literature on the implications of the di-
gital transformation for economy, society and the environment has
emerged since the 1990s (Berkhout and Hertin, 2001; ITU, 2019, 2013;
Mansell and Wehn, 1998), although less so for environmental

* Corresponding author.

sustainability implications of ICTs in developing countries (Heeks,
2014). Empirical evidence regarding the environmental risks and op-
portunities of the digital transformation is mixed and often points to
uncertainties regarding the net environmental effects of the digital
transformation (Beier et al., 2020).

Despite these uncertainties, a widening range of purposes and goals
have been ascribed to the digital transformation in industry varying
across national policies. Although still scarce, policy analyses have
shown that numerous political endeavours of low- and middle-income
countries (LMIC)' revolve around the idea of ICTs leading to socio-
economic development and economic growth (Friederici et al., 2017).
For instance, the relevance of the digital transformation in embedding
local industrial production in global value chains is being discussed
(Africa Growth Initiative, 2018). With regards to the relationship be-
tween environmental sustainability and ICTs, Fritzsche et al. (2018)
find that there is an emerging discourse of intergovernmental organi-
sations (IGOs) on the role of ICTs for environmentally sustainable in-
dustrial production. Notably, they hold that research has yet to
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investigate how national institutions address this topic (Fritzsche et al.,
2018).

Against this backdrop we pose the following research question:
What are developing countries’ policy makers’ expectations about the
role of ICTs in industry for environmental sustainability? Using quali-
tative content analysis, we analyse expectations regarding the role of
ICTs in industry for environmental sustainability in national industrial
and digital policies of four Sub-Saharan African countries (South Africa,
Kenya, Rwanda, Nigeria) and three East Asian and Pacific countries
(China, Thailand, Philippines). We develop a framework to categorise
the expectations regarding environmental effects of ICTs which we
found in the analysed policy documents. We highlight five examples of
these expectations, discussing in the respective country contexts the
envisioned goals that are portrayed in the policies.

The aim of this paper is to deepen our understanding of how policy
makers in LMIC portray the relationship between ICTs, industrial de-
velopment and environmental sustainability. This is important for
various reasons: Firstly, policies play an important part in shaping in-
dustrial and technological development (Palvia et al., 2015) and there
are often gaps between the design of the use of ICTs within policies and
actual conditions on the ground (McBride and Stahl, 2010). Analysing
policy makers’ expectations can help bridging the gap between cur-
rently isolated debates of technology-centred research on the one hand
and policy making on the other hand (Fritzsche et al., 2018). Secondly,
policy analysis may serve as an early warning system for path de-
pendencies related to the proliferation of ICTs. For instance, it may
unveil technologies as carriers of shifting political and corporate in-
terests in evolving socio-technical systems (Cordella and Iannacci,
2010). Thirdly, policy analysis can reveal specific sustainability chal-
lenges of policy makers in LMIC. With digital and industrial policy
making still at an early stage, LMIC policy makers face the challenge of
simultaneously balancing growth of incomes, environmental and social
concerns in order to deliver win-win-win solutions (UNIDO, 2017a).
Analysing how far these goals are already reflected in policies might
give impulses at the intersection of policy making for sustainable digital
and industrial development.

2. Framework: environmental effects of ICTs in industry

For our application in the industrial context we adapted existing
frameworks by Beier et al. (2018), Berkhout and Hertin (2001) and
Erdmann et al. (2004) which categorise the environmental effects of
ICTs. As further elaborated in the methodology section, the framework
is used in our content analysis as an analytical lens to structure and
interpret policy expectations.

We broadly distinguished between the main categories of direct
environmental effects and indirect environmental effects of ICTs. Direct
environmental effects are impacts associated with the lifecycle of ICTs
(Berkhout and Hertin, 2001). Indirect environmental effects result from
the application of ICTs in other goods and services. Although earlier
studies have already investigated potential indirect environmental ef-
fects of ICTs in different contexts (Erdmann et al., 2004), we deemed it
necessary to account for rapid technological advancements in recent
years and consider the corresponding scientific insights regarding their
impacts. Moreover, we regarded the application of a framework with an
emphasis on the industrial context as particularly fitting for our ana-
lysis.

Within the category of indirect effects, Beier et al. (2018) highlight
three sub-categories where the application of ICTs in industry can be
linked to environmental risks and opportunities: resource efficiency,
sustainable energy and transparency. Furthermore, we subsume sys-
temic effects of the use of ICTs, e. g. rebound effects (Erdmann et al.,
2004), under the main category of indirect effects. The effect categories
are summarised in Fig. 1.

In the results section we illustrate the two suggested effect cate-
gories with five examples. These examples emerged as particularly
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noteworthy and suitable for further analysis from the content analysis
because a) a tangible issue related to ICTs (e.g. e-waste, energy) was
expected to be b) targeted by a specific solution (e.g. regulation). The
examples are summarised in Table 1.

2.1. Direct environmental effects of ICTs

Direct environmental effects are impacts of resource and energy use
along the lifecycle of ICTs, i. e. production, use and disposal of ICTs.
With respect to resource use in production, ICTs for large-scale use in
industry will require increasing amounts of materials in their produc-
tion. A study commissioned by the German Resource Agency, for in-
stance, expects the demand for critical materials, such as lithium,
dysprosium/terbium and rhenium, used for emerging technologies,
many of which are related to the use of ICTs in industry, to exceed
production of these materials (2013 levels) two times by 2035
(Marscheider-Weidemann et al., 2016).

With respect to energy use of ICTs, while electronic components like
sensors and controllers become smaller and more energy-efficient, the
number of digital components increases in a digitalised industry.
Moreover, the underlying infrastructure (such as data centres, servers,
networking gear, power and cooling equipment) requires a growing
amount of electricity. In a study on the estimated use-stage electricity
demand by 2030, Andrae and Edler (2015) find that ICTs might, in the
worst case scenario, use up to 51 % of global electricity and be re-
sponsible for 23 % of global greenhouse gas emissions.

With respect to the disposal of ICTs, e-waste accumulation is an
increasingly important issue, particularly in low- and middle-income
countries. While global annual e-waste was estimated to stand at 45
million tonnes in 2016, a projected 52 million tonnes will be generated
in 2021 (Baldé et al., 2017).2 Although 95 % of the useful materials
from a computer could potentially be recycled (Robinson, 2009), the
decreasing size of devices makes it more difficult to recycle rare ma-
terials (Hilty, 2011). In 2016, 80 % (35,8 Mt) of global e-waste was not
recycled, 4 % were disposed as residual waste, whilst the remaining 76
% remained untracked (Baldé et al., 2017). Most of untracked e-waste is
exported from high to low- and middle-income countries and disposed
in landfills, or else burned and dissolved in acids (Heeks et al., 2015;
Nnorom and Osibanjo, 2008; Robinson, 2009).

2.2. Indirect environmental effects of ICTs

Indirect environmental effects result from the application of ICTs in
other goods and services, e.g. digital data unveiling resource waste or
recycling potential in a production process. With respect to resource
efficiency in industrial production, ICTs have been discussed as en-
ablers to reduce resource use in different contexts (Gu et al., 2013;
Jayal et al., 2010; Song et al., 2018), for instance through additive
manufacturing. Additive manufacturing (AM) enables the creation of
three-dimensional objects applying material layer-by-layer on the basis
of a digital plan of the object (Gebler et al., 2014). AM has the potential
to improve resource efficiency and enable lifecycle management (Ford
and Despeisse, 2016). The use of "Recycle Bots" to recycle polyethylene
for the production of 3-D printing filament, for instance, has been
shown to result in a reduction of recycling-related energy consumption
of up to 70 % (Kreiger et al., 2014). Gebler et al. (2014) see a potential
of reduced CO, emissions through AM considering the emission-in-
tensity per unit of output. However, Birkel et al. (2019) point to the
danger of increasing waste production. High customisation might lead
to difficulties in reducing, reusing, recycling and reselling products.

With respect to transparency, more granular and real-time data are

2While not all e-waste is generated by ICT devices (also refrigerators, TVs,
etc.) the contribution of ICT devices to e-waste is fuelled by increasing numbers
of, among others, mobile devices (GSMA, 2017).
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Fig. 1. Effect categories of environmental effects of ICTs in industry, adapted from Beier et al. (2018), Berkhout and Hertin (2001) and Erdmann et al. (2004).

Table 1
Examples of policy expectations and their corresponding effect categories.

Effect category No. Example

Focus countries page

Direct environmental effects
Green ICT
Indirect environmental

a s W=

E-waste and legal frame

3D print in the aerospace industry
Renewable energy proliferation
Digital monitoring of resource use

Kenya, Nigeria and Rwanda

Thailand, Philippines, Nigeria and Rwanda
South Africa

Rwanda, Kenya and China

China

NNNO»;

important requisites for more sustainable industrial production pro-
cesses (Beier et al., 2018). The environmental impacts of products and
services occur at different points along the life cycle in different geo-
graphical locations. Increasing transparency by collecting and con-
solidating data from geographically dispersed value chains gathered at
all stages of the product (and service) life cycle can enhance sustain-
ability management within and across firms. For instance, real time
data flows from machine-to-machine communication and electronic
product tags could facilitate the implementation of the “circular
economy” concept with the aim of creating vertically integrated and
cross-industry networks with closed material loops (Sousa Jabbour
et al., 2018; Tseng et al., 2018).

With respect to sustainable energy, some studies argue that the use
of ICTs opens possibilities for integrating renewable energy into the
energy mix for industrial production, for instance through smart grids
(Amin and Wollenberg, 2005). On the supply side, consumers can be
integrated in the provision of electricity by photovoltaic (PV) panels,
making them "prosumers" (Grijalva and Tariq, 2011). On the demand
side, fluctuating renewable energy flows could be matched more easily
with flexible industrial production scheduling and industrial orches-
tration, i.e. the process of optimised energy production and use through
more granular data and simulation methods to control manufacturing
processes in accordance with energy availability (Beier et al., 2018;
Ding et al., 2017; Weinert et al., 2011). For example, virtual power
plants can help to visualise and manage the energy capacities fed into
and taken from the grid by various energy sources and energy con-
sumers (Pudjianto et al., 2007).

Additionally, ICTs have systemic effects on production and con-
sumption patterns, as well as individual behaviour, attitudes, values
and governance processes. Firstly, ICTs are assumed to increase pro-
ductivity and thus accelerate economic growth (Farhadi et al., 2012).
Empirical studies come to varying results about the extent of the pro-
ductivity effect (Hawash and Lang, 2019; Pieri et al., 2018). Secondly,
ICTs have been discussed in the context of achieving the decoupling of
economic growth from resource or energy use through efficiency

Table 2
Search terms for policy documents.

increases, and to arrive at a less material-intensive economy (Berkhout
and Hertin, 2004; Erdmann et al., 2004; Hilty, 2008). Increases in
(energy) efficiency, however, tend to be counteracted by systemic
feedback effects, also called "rebound effects": If the ICT-related eco-
nomic growth rate in an industrial sector exceeds the increase in energy
or material efficiency enabled by ICTs in this sector (decoupling rate),
efficiency gains through ICTs are overcompensated and total resource
use increases (Hilty et al., 2011; Polimeni et al., 2015; Pothen and
Schymura, 2015). However, in a simulation study of how energy de-
mand would develop without ICT-driven energy efficiency improve-
ments, the authors argue that efficiency gains induced by ICTs com-
pared to a scenario without ICTs can lead to decreases in energy use in
some domains such as in the freight transport sector (Achachlouei and
Hilty, 2015).

3. Methodology
3.1. Country and policy document selection

Given our interest in the digital transformation in industry and its
relation to environmental sustainability, we assumed that digital and
industrial policy documents would yield relevant policy expectations.
Consequently, we scanned the websites of authorities on the highest
administrative level for these documents in our focussed regions, Sub-
Saharan Africa and East Asia and Pacific. We excluded informal reports
such as blogs, surveys or workshop reports. Moreover, we excluded
publications with too narrow thematic scopes regarding our research
question, such as cybersecurity strategies. Our specific search terms are
summarised in Table 2.

We screened the remaining policies from 27 countries, a total of 38
policies, to gather preliminary insights regarding the degree to which
these documents provide information relevant to our research question.
We discarded documents that did not include passages and chapters on
the environmental effects of ICTs in industry. Consequently, 25 policies
from 21 countries were discarded. A list of excluded documents is

Digital policy

Industrial policy

Search terms  ICT development plan, ICT policy/strategy, digital(-isation) policy/

strategy, digitalisation and economic development policy/strategy

industrial development policy/strategy, industrial transformation programme, industrial
(-isation) policy/strategy, industrial(-isation) programme, industrial(-isation) plan

320
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Regional focus on Sub-Saharan Africa, East Asia and Pacific (World Bank
classification)

Total of 38 countries in East Asia and Pacific and 48 countries in Sub-Saharan Africa

-

Focus on low- and middle-income countries with at least 1 million
inhabitants

Total of 11 countries in East Asia and Pacific and 39 countries in Sub-Saharan Africa

~

Focus on countries with published policy documents from 2004 onwards in
English either on digital or industrial policy

Total of 8 countries in East Asia and Pacific and 19 countries in Sub-Saharan Africa

-

Screening of policy documents and analysis of 13 policies from 7 remaining
countries

o East Asia and Pacific: China, Philippines, Thailand
e Sub-Saharan Africa: Kenya, Rwanda, South Africa, Nigeria

Fig. 2. Document selection process.

provided in Appendix A. The remaining 13 policies from seven coun-
tries fell under the scope of our research topic and were thus selected
for the qualitative content analysis. These documents were not re-
stricted to single topics, but instead covered the cross-cutting issues of
digital transformation, industrial development and environmental sus-
tainability that we aim to investigate. The country selection process is
summarised in Fig. 2. A list of the selected documents can be found in
Table 3.

3.2. Qualitative content analysis

For the analysis of the policy documents, we chose qualitative
content analysis (Schreier, 2015). The goal of qualitative content ana-
lysis is to get a condensed description of a phenomenon, building on a
set of categories to describe it (Elo and Kyngas, 2008), which in our
case are the policy expectations regarding the environmental effects of
ICTs in industry. We used the software MAXQDA to conduct the qua-
litative content analysis. In the first step, we read the selected policy
documents in detail and identified general themes and subthemes. We
assigned an initial category to each new aspect relevant to our research
question, for instance the category “renewable energy”.

In the second step, we analysed the coded text passages through the
lens of our framework for environmental effects of ICTs in industry
(Section 2). We assigned coded text passages to the sub-categories
within the main categories of both direct and indirect effects. For in-
stance, if policies mentioned the potential contribution of ICTs to en-
ergy efficient production, the text passage was assigned to the sub-ca-
tegory 'resource efficiency" (indirect environmental effects). We
deliberately chose not to start the reading and analysis through the lens
of our framework in the first step in order ensure that we captured the
entirety of relevant text passages. However, we found that only few
expectations could not be grouped into one of the sub-categories which
we had identified ex ante. These were grouped in the category “Mis-
cellaneous”.

In the third step, we compiled and paraphrased the categorised text
passages for each country in two tables differentiating for instance
between accounts of current circumstances and perceived issues on the
one hand and future goals to tackle these issues on the other hand. This
enabled us to identify “blind spots” (i.e. effect categories for which no
expectations could be found). We additionally provided five examples
for expectations on direct and indirect environmental effects of ICTs.

4. Results & discussion
4.1. Expectations about direct environmental effects of ICTs

Table 4 lists the sum of expectations on direct environmental effects
of ICTs that were expressed in the digital and / or industrial policy of
the respective country. Where applicable, we assigned the expectations
to the fitting phase of the lifecycle (i.e. the sub-categories) that they
referred to, indicated by the grey boxes in each row. All other ex-
pectations were grouped into the sub-category "Miscellaneous". Policy
expectations are abbreviated in the corresponding column in Table 4. A
longer version of the paraphrased text passage from the policies is
provided in Appendix B.

The results highlight that all countries referred to direct effects of
ICTs within their respective policies. Especially the end of the lifecycle
of ICT products received attention (e.g. e-waste). In general, direct
environmental effects of ICTs as well as anticipated goals are hardly
quantified. Hence, policy expectations appear in the form of generic
goals, but they often fail to elaborate what constitutes the concrete
environmental problem of ICTs in the country’s context.

4.1.1. Example 1: e-waste and legal frame

The policies of Kenya, Nigeria and Rwanda emphasise the respective
country’s need for an improved legal framework and regulations for
ICTs’ related environmental impact, particularly addressing the dis-
posal of ICT devices. The proposed measure is relevant not only in the
light of e-waste that is being imported into these countries (Heeks et al.,
2015), but also given the fact that e-waste production is beginning to
grow within the region of Sub-Saharan Africa (Baldé et al., 2017). Al-
though not explicitly addressed in the policies we analysed, similar
trends and concerns can also be perceived in other countries. China,
having itself become the largest producer of e-waste in the world with a
large and flourishing informal e-waste market (Orlins and Guan, 2016),
banned foreign e-waste imports from 1 January 2018 (Fu et al., 2018).

Reflecting upon what has happened since the publication of the
policies until our analysis in 2019, all three Sub-Saharan African
countries have either drafted (Kenya, Nigeria) or published (Rwanda)
national e-waste management policies. For instance, in Kenya the
National Environment Management Authority (NEMA) drafted the
“Environmental Management and Co-ordination (E-waste
Management)” regulations 2013 (NEMA, 2013). However, it is also
important to strengthen concerted efforts on the national level to
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Table 3

Selected policy documents.

Author

Year of publication

Type of document

Name of the document

Country

No.

State Council of the People's Republic of China
State Council of the People's Republic of China

2015

Digital policy

“Guiding Opinions of the State Council on Actively Propelling the Internet Plus”

“Made in China 2025”

China

2015

Industrial policy
Digital policy

China

2
3
4

Commission on Information and Communications Technology
National Electronics and Computer Technology Center

2014

“The Philippine Digital Strategy Transformation 2.0: Digitally empowered Nation”

Philippines
Thailand

2010

Digital policy

“Executive Summary Thailand Information and Communication Technology Policy Framework (2011 —2020)

ICT2020”

Office of the National Economic and Social Development Board

Department of Trade and Industry

2016

Industrial policy
Industrial policy

Digital policy

“The twelfth national economic and social development plan (2017 —2021)”

“Industrial Policy Action Plan 2018/19-2020/21"
“National Integrated ICT Policy White Paper”

Thailand

5
6
7
8
9

2018

South Africa

South Africa

Department of Telecommunications and Postal Services

2016

Department of Telecommunications and Postal Services

2017

Digital policy

“National e-Strategy. Digital Society South Africa”

“National ICT Masterplan 2014 —2017"

South Africa

Kenya
Kenya
Kenya

Ministry of Information Communications and Technology
Ministry of Information Communications and Technology
Ministry of Industrialization and Enterprise Development

Ministry of Communication Technology

Ministry of Youth and ICT

2014

Digital policy

2016

Digital policy

“National Information & Communications Technology Policy”

“Industrial Transformation Programme”

“National ICT Policy”

10

2015

Industrial policy
Digital policy

11
12

2012

Nigeria

2015

Digital policy

“Smart Rwanda Masterplan 2015 —2020”

Rwanda

13
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politically address and enforce measures of e-waste management. Even
if countries established frameworks for e-waste management, it is cru-
cial to also develop the means to enforce compliance with laws, which
are often not in place (Baldé et al., 2017). Thus, having a legal fra-
mework in place can only be viewed as a necessary first step, but not as
a sufficient condition for the effective public regulation of e-waste.

4.1.2. Example 2: Green ICT

By contrast, the environmental impacts of ICTs which occur during
the production and use phases are less frequently considered in the
analysed policies. Particularly, the increasing demand for raw materials
and electricity that are accompanied by a growing use of ICTs in in-
dustry are not mentioned. Moreover, the policies expressed limited
awareness of the increases in electricity demand of underlying ICTs
infrastructure such as data centres and servers. The content analysis
revealed only singular assertions regarding these issues. Hence, we
consider this a major blind spot of various policies that we analysed.

The lack of specificity of the analysed policies regarding the direct
environmental impacts of ICTs at all stages of their lifecycle is also
concerning given that multiple policies mentioned the goal of pro-
moting labels for “Green IT” or “Green ICT” (Table 1). These labels
emphasise the need for an environmentally friendly design and use of
ICT (Ozturk et al., 2011). Thailand, Philippines, Nigeria and Rwanda
propose the promotion of Green ICT labels in their ICTs policies.
However, no specific definitions of what Green ICTs are and what
conditions they have to fulfil are given. Clear objectives regarding the
extent to which industry should foster and use Green ICTs are lacking.

4.2. Expectations about indirect environmental effects of ICTs

Table 5 lists the sum of expectations on indirect environmental ef-
fects of ICTs that were expressed in the digital and / or industrial policy
of the respective country. We grouped the expectations into the sub-
categories of “resource efficiency”, “sustainable energy”, “transpar-
ency” and “systemic effects”, indicated by the grey boxes in each row.
Policy expectations are abbreviated in the corresponding column in
Table 5. A longer version of the paraphrased text passage from the
policies is provided in Appendix B.

We find that all policies include expectations regarding indirect
environmental effects of ICTs. The degree to which a particular policy
addresses one of the identified sub-categories varies greatly between
countries. Expectations rarely include more than assumptions about
singular (causal) effects and applications of ICTs. Neither do they por-
tray linkages of how different technologies can influence a specific
environmental issue in industry, nor do they assess the variety of en-
vironmental impacts that a specific ICT may have.

4.2.1. Example 3: 3D print in the aerospace industry in South Africa
Regarding the sub-category of “resource efficiency”, the content
analysis revealed various goals of using ICTs to increase the overall
efficiency of industrial production in order to decrease its environ-
mental footprint. Promoting additive manufacturing for resource effi-
cient production is one case that stands out among the few expectations
mentioned within the South African policy for its relatively detailed
description of application. Besides specifying the technology, the
aerospace industry is also mentioned as a particular field in which
environmental benefits may occur. However, as with other statements,
the policy lacks quantified goals or estimates of potential savings. Still,
it implicitly addresses the twofold advantages of decreased material
consumption in manufacturing and lower fuel consumption of airplanes
as a direct consequence (Huang et al., 2016) by focusing on the aero-
space industry. Also, the negligible size of the aerospace industry in
South Africa (0.2 % of manufacturing GDP in 2016, see Industrial
Policy in Appendix B), can be linked to the current development state of
3D printing. Given the currently low diffusion of additive manu-
facturing on a global scale (Gebler et al.,, 2014), the envisioned
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Table 4
Policy expectations regarding direct environmental effects of ICTs.
Country Policy Policy expectation Production Use phase End-of-life Miscel-
docu- phase phase laneous
ment
China 1 Internet of Things
technologies (electronic
tags and QR codes) to
track the flow of e-waste
1 Encourage participation
in urban waste recycling
platforms
Philippines 3 Promote the concept of -
“Green ICT”
3 Reduce resource
consumption of
production and minimise
waste
Thailand 4 Lower resource use of
ICT manufacturing
4 Reduction of energy use
within data centres
4 Raise awareness of ICTs’
environmental impacts
4 Establish a “Green ICT”
label
South 8 Coordinate ICT
Africa infrastructure
deployment
8 Minimise harm to human
health and the
environment at all
lifecycle stages
Kenya 10 Develop e-waste .
regulations
11 Promote the use of
environmentally friendly
ICT products
Nigeria 12 Partner with NGOs to
manage e-waste
12 Minimise impacts of ICT
infrastructure
construction on the
environment
Rwanda 13 Develop e-waste
regulations
13 Waste perceived as a

threat to human lives and
the environment

Note: Unless otherwise stated, the expectations represent goals that were mentioned in the policies.

application in a smaller domestic sector may present a reachable goal.
However, obstacles for the adoption of additive manufacturing in terms
of infrastructure, as well as environmental impacts of high customisa-
tion of goods, potentially leading to higher resource use, are not ela-
borated.

4.2.2. Example 4: renewable energy proliferation in Kenya, Rwanda and
China

Regarding the sub-category of “sustainable energy”, Kenyan and
Rwandan policies included general remarks on the role of ICTs for
energy production and consumption, but statements are mostly lacking
assumptions as to how this is important in the country’s context as well
as explanations as to how ICTs may contribute to more environmental
sustainability in the energy sector. In Rwanda, the Ministry of
Infrastructure (MININFRA) recently commissioned large-scale PV solar
plants (MININFRA, 2018). Hence, the importance to efficiently use
volatile energy sources, aided by ICTs, is likely to increase and crucially
hinges on the deployment of adequate infrastructure (Buchana and

323

Ustun, 2015). Thus, it should be considered that ICT-enabled renewable
energy integration could pave the way towards improved environ-
mental performance of the sector if policy objectives are specified and
implemented.

The Chinese policy, on the other hand, expresses high expectations
regarding the role of big data to be a key tool in analysing energy de-
mand and supply and scheduling industrial activity (demand side
management, see, for instance, Liu et al. (2015) and Zhou and Yang
(2015)). Not only shall private and public sectors cooperate on energy
production but it is also expected that consumers will be involved in the
decentralised, distributed energy network with a particular focus on
renewable energy. The goal of sector coupling between electricity
production and the transport sector through electric vehicles and the
plan of increased online trading of electricity underline the intention
expressed in the Chinese policy to strongly integrate the internet in the
energy sector.

With energy in China being largely generated by coal-fired plants
(IEA, 2017c) the country has a high level of carbon dioxide output per
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Table 5
Policy expectations regarding indirect environmental effects of ICTs.
Country Policy Policy expectation Resource  Sustainable Transpa-  Systemic
docu- efficiency energy rency
ment
China 1 Big data for energy
consumption analysis
1,2 Steering energy
production and
consumption
1 Public-private sharing of
environmental data
1 Electronic tags for
recycling and re-use of
resources
1 Online waste trading
system
1 ICTs as a means to foster
ecological civilisation
Philippines 3 Efficient monitoring of
natural resource use
3 Teleconferences to
reduce transportation
emissions
Thailand 5 Energy-efficient
production
4 Invest in smart grids to
optimize consumption of
renewables
4 Awareness of
environmentally friendly
economic growth
5 Promote knowledge-
based economy
South 7 Additive manufacturing in
Africa aerospace
9 Resource consumption
monitoring
8 Build a knowledge-based
economy
Kenya 10, 11  Efficiency of business
operations
10 Efficiently generate and
distribute energy
10 Tracking in the logistics
sector
Nigeria 12 Efficiency of energy
management
Rwanda 13 Cloud computing and big
data for overall
production efficiency
13 Optimise electricity
production and
consumption

Note: Unless otherwise stated, the expectations represent goals that were mentioned in the policies.

unit of GDP. The Chinese government has pledged to reduce the in-
tensity of carbon dioxide in industrial output with the energy sector
being a major leverage to achieve this goal. Benefitting from the in-
tegrative function of ICTs at the interface between energy production
and consumption, demand side management and sector coupling have
the potential to enable better integration of renewable energies in the
Chinese energy mix. The policy expectations, however, seem to build on
the assumption of quick technological advances (“breakthroughs”) and
seamless transition from the current “offline” energy system to an en-
ergy system largely incorporating ICTs. Potential structural barriers,
such as a lack of investment in the grid to absorb renewable energy
installation (Fischer, 2018) are not discussed. Furthermore, no specific
renewable energy targets are mentioned and questions about uptake of
new technologies in industry and among consumers are not posed.
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4.2.3. Example 5: digital monitoring of resource use in China

Regarding the sub-category of "transparency”, the Chinese policies
put emphasis on the use of big data in the monitoring and optimisation
of natural resources used in industrial production. To increase trans-
parency, the Chinese government fosters the sharing of data between
public and private stakeholders on resources and the environment. For
instance, one goal is to collect data through Internet of Things tech-
nologies and electronic tags to track waste and set up a trans-sectoral
information exchange on resource use.

China has already made several unsuccessful attempts to create an
integrated waste recycling system (Xue et al., 2019). The coexistence of
formal and informal waste treating, a lack of reliable information about
waste content, weak enforceability of legislation and a lack of economic
incentives have been hindering progress (Fu et al., 2018; Su et al.,
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2013). If properly implemented, ICTs could contribute to providing
reliable data and thus overcome some of these obstacles. We therefore
consider this approach as one of the more promising example of how
ICTs are envisioned as a solution for issues of environmental sustain-
ability. However, it remains unclear how positive effects can be
achieved on a larger scale beyond trial industrial parks where they are
currently implemented. Moreover, technical and economic challenges
(such as large-scale, automated data processing and economic profit-
ability) of digital monitoring deployment would need to be addressed.

Regarding the sub-category “systemic effects”, there is very little
awareness of systemic effects of ICTs in the analysed policies. The Thai
and the Chinese policy suggest a transformative potential in ICTs for
environmentally-friendly growth. However, there are no direct men-
tions of rebound effects or other emerging risks in the context of an
increased uptake of ICTs in industry. In South Africa and Thailand,
digital strategies are centred around the idea of knowledge-based
economies and societies, but it is not specified how the concept of a
knowledge economy should help reduce resource and energy intensity
of industry.

5. Concluding remarks

In this paper, we explored policy makers’ expectations in seven
African and Asian countries regarding the impacts of the proliferation
of ICTs in industry for environmental sustainability. Our analysis
showed that policies included some degree of awareness of en-
vironmentally detrimental effects related to ICTs particularly focusing
on the disposal of ICTs, but in many instances omitted issues related to
the production and use of ICTs. Hence, there are several gaps in the
recognition of direct environmental effects. Although goals are set out
to promote standards for environmentally friendly ICT products, these
do not seem to be linked systematically to resource and energy con-
sumption during the production and use of these products. With many
LMIC aspiring to grow local ICT manufacturing, we highlight the ben-
efit of integrating these considerations in order to foster more en-
vironmentally friendly production of ICTs.

Furthermore, expectations regarding positive indirect effects of ICTs
were found in the policies of each country. Similar to direct effects,
expectations were rarely specific. We observed mostly one-dimensional
expectations and point to the lack of relatedness between direct and
indirect effects, for instance when efficiency gains enabled by the use of
digital technology were not weighed against resource consumption of
the discussed technology. Expectations regarding systemic effects of
ICTs were only loosely connected to environmental sustainability in the
analysed policies. We suggest that the potential occurrence of rebound
effects should be brought into stronger focus of digital and industrial
policy making. Efficiency gains from technological progress have failed
to decrease the overall environmental burden of industrial production
in the past due to rebound effects, e.g. where increases in energy effi-
ciency induced by ICTs were overcompensated and eventually resulted
in increased overall energy demand. Currently, systemic feedbacks from
ICT-enabled efficiency gains seem to be neglected both in industrial and

Appendix A. Excluded policies due to a lack of thematic fit
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digital policies. This raises the risk of promoting ICTs as a panacea for
environmental issues.

The design of our study comes with some limitations. Expectations
from the selected policy documents are not generalisable to other
countries in the respective world regions. Having excluded policies that
did not express any expectations regarding the impacts of ICTs on en-
vironmental sustainability should not deviate attention from the fact
that 25 of the 38 screened policies did not, or only barely, cover en-
vironmental issues of the digital transformation in industry at all. Even
in those countries where explicit mentions have been made, policy
expectations are no evidence for subsequent political action and con-
ditions on the ground. Therefore, future research could extend this
work by providing context-specific assessments of if, how and by whom
ICT-related goals for environmental sustainability in industry are de-
veloped, implemented and achieved.

National policies play an important role in shaping industrial de-
velopment and the digital transformation. In many countries, the digital
transformation of industrial production is still in its infancy. Likewise,
the industrial sector itself is still being developed in many LMIC. Hence,
this may be a crucial point in time to lay the foundation for a digital and
industrial transformation that has environmental sustainability at its
core. To this end, science and policy makers need to engage into a more
active exchange on the certainties and uncertainties related to the im-
pact of the digital transformation on environmental sustainability in
industry. While policy makers need to deal with an increasing amount
of scientific research, science itself is still very much undecided as to
how the digital transformation will impact environmental sustainability
of production in a given context. Our study pointed at the specifics of
each country’s situation — including the stage of industrial development
and the degree of digitalisation — that should be investigated further in
future case studies.
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Country Name of the document Year of publica-  Author
tion
East Asia and Pac-
ific
Cambodia Cambodia Industrial Development Policy 2015 —-2025 2015 Royal Government of Cambodia
Cambodia Summary on Cambodian ICT Masterplan 2020 2014 Royal Government of Cambodia
Malaysia Industry4WRD - National policy of Industry 4.0 2018 Ministry of International Trade and Industry
Myanmar Myanmar Industrial Development 2017 2016 Ministry of Industry
Papua National Information and Communications Technology (ICT) Policy = 2008 Department of Communication and Information
Neuguinea
Philippines DTI Prosperity Plan 2022 2019 Department of Trade and Industry
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Vietnam Viet Nam Industrial Strategy Period 2011 —2020 2014 Ministry of Industry and Trade
Sub-Saharan Afric-
a

Botswana ICT Master Plan 2012 Botswana Parliament

Cameroon Strategic Plan for a digital Cameroon 2020 2016 Ministry of Posts and Telecommunications

Eswatini ICT Master Plan 2010 Parliament of the Kingdom of Swaziland

Ethiopia The National Information and Communication Technology Policy and 2009 Federal Democratic Republic of Ethiopia

Strategy

Gambia The Gambian ICT4D-2021 Plan 2008 Department of State for Communication,
Information
and Information Technology

Liberia National Telecommunications & ICT Policy 2010 Ministry of Posts & Telecommunications

Malawi National ICT Masterplan 2014 — 2031 2014 Government of Malawi

Mauritius National Information & Communication Technology Strategic Plan 2011 Ministry of Information and Communication
Technology

Namibia Strategic ICT Plan 2017 —2022 2017 Ministry of Information and Communication
Technology

Sierra Leone National ICT Policy 2009 Ministry of Information and Communications

Somalia ICT Policy & Strategy 2019 Ministry of Post, Telecommunications &
Technology

Tanzania Integrated Industrial Development Strategy 2025 2011 Ministry of Industry and Trade

Tanzania National ICT Policy 2016 Ministry of Works, Transport and Communication

Uganda National Information and Communications Technology Policy 2014 Ministry of Information and Communications
Technology

Zambia National Industrial Policy 2018 Ministry of Commerce, Trade and Industry

Zambia ICT Masterplan 2010 National Assembly of Zambia

Zimbabwe Industrial Development Policy 2012—2016 2012 Ministry of Industry and Commerce

Zimbabwe National Policy for ICT 2016 —2020 2016 Ministry of ICT, Postal and Courier Services

Appendix B. Extended paraphrased policy expectations

Direct environmental effects

Thailand

Lower resource use of ICT manufacturing: Lower the natural resource use of ICT manufacturing.
Reduction of energy use within data centres: Reduce the energy use within data centres.

Raise awareness of ICTs’ environmental impacts: Raise awareness of ICT impacts on the environment.
Establish a “Green ICT” label: Establish a “Green ICT” label for products manufactured in the country.

Philippines

Promote the concept of “Green ICT”: Promote the concept of “Green ICT”.

Reduce resource consumption of production and minimise waste: Reduce the energy and resource consumption of ICT production and minimise
waste production of ICTs.

China

Internet of Things technologies (electronic tags and QR codes) to track the flow of e-waste: Support the use of Internet of Things technologies such
as electronic tags and QR codes to track the flow of e-waste.

Encourage participation in urban waste recycling platforms: Encourage internet companies to participate in the construction of urban waste
recycling platforms, and innovate the recycling model of renewable resources.

South Africa

Coordinate ICT infrastructure deployment: Coordinate ICT infrastructure deployment in order to minimise negative effects of digging and
trenching.

Minimise harm to human health and the environment at all lifecycle stages: Ensure that the design, use, and disposal of ICTs does not cause harm
to human health or the environment.

Kenya

Develop e-waste regulations: Develop regulations for recycling and disposal of used ICT equipment.
Promote the use of environmentally friendly ICT products: Promote the use of environmentally friendly ICT products.

Nigeria
Partner with NGOs to manage e-waste: Partner with NGOs and donor agencies that deal specifically with control, management and disposal of e-

waste.
Minimise impacts of ICT infrastructure construction on the environment: Negative impacts of ICT infrastructure construction on the environment
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(CO2 emissions, radioactivity, e-waste) is perceived as an issue.
Rwanda

® Develop e-waste regulations: Development of legal and regulatory framework to address e-waste.

® Waste perceived as a threat to human lives and the environment: Waste generated by a growing number of devices is perceived as a serious threat
to human lives and the environment.

Indirect environmental effects

Thailand

Energy efficient production: Promote the use of ICTs to increase energy efficiency of production and for environmental protection measures.
Invest in smart grids to optimize consumption of renewables: Support investment in smart grids to promote renewable energy consumption.
Awareness of environmentally friendly economic growth: Increase awareness for the role of ICTs in promoting environmentally friendly eco-
nomic growth.

e Promote knowledge-based economy: Use the proliferation of ICTs to transform the country into a knowledge-based economy and society.

Philippines

Efficient monitoring of natural resource use: Use ICTs to monitor the environment and natural resources more effectively and efficiently.
Teleconferences to reduce transportation emissions: Promote internet-enabled teleconferences to decrease the environmental effects of trans-
portation.

China

Big data for energy consumption analysis: Use big data for energy consumption analysis.

Steering energy production and consumption: Develop digitally-enabled grid of energy production and consumption among different actors to
optimise renewable energy consumption and overall efficiency of energy production and consumption.

Public-private sharing of environmental data: Share of data between public and private stakeholders on resources and the environment.
Electronic tags for recycling and re-use of resources: Use the IoT and electronic tags to track e-waste and to improve recycling and re-use of
resources.

Online waste trading system: Establish an online waste trading system.

ICTs as a means to foster ecological civilisation: Systemically integrate the internet to transform industrial production and facilitate the con-
struction of an ecological civilisation.

South Africa

Additive manufacturing in aerospace: Use additive manufacturing to increase the efficiency of production in the aerospace industry.

Resource consumption monitoring: Enable resource consumption monitoring using ICTs.

Build a knowledge-based economy: Build an inclusive knowledge-based economy against the background of an unsustainably resource intensive
economy.

Kenya

Efficiency of business operations: Use ICTs and mobile communication to increase the overall efficiency of business operations.

Efficiently generate and distribute energy: Acknowledgement that ICTs are a valuable tool in the efficient generation, distribution and utilisation
of energy.

e Tracking in the logistics sector: Use ICTs in the trade, transport and logistics sector for tracking and monitoring purposes.

Nigeria

Efficiency of energy management: Use the proliferation of ICTs to increase the efficiency of energy management and decrease environmental
degradation.

Rwanda

® Cloud computing and big data for overall production efficiency: Use of cloud computing and big data to increase overall resource efficiency of
production.
e Optimise electricity production and consumption: Investigate the potential of ICTs to optimise electricity production and consumption.

References sustainability: revisiting a system dynamics model developed for the european
commission. ICT Innovations for Sustainability. Springer, pp. 449-474.
Africa Growth Initiative, 2018. Foresight Africa: Top Priorities for the Continent in 2018.
Achachlouei, M.A., Hilty, L.M., 2015. Modeling the effects of ict on environmental Washington, D.C.. .


http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0005
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0005
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0005
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0010
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0010

S. Kunkel and M. Matthess

Amin, S.M., Wollenberg, B.F., 2005. Toward a smart grid: power delivery for the 21%
century. IEEE Power Energy Mag. 3 (5), 34-41.

Andrae, A., Edler, T., 2015. On global electricity usage of communication technology:
trends to 2030. Challenges 6 (1), 117-157.

Baldé, C.P., Forti, V., Gray, V., Kuehr, R., Stegmann, P., 2017. The Global E-waste
Monitor-2017, United Nations University (UNU), International Telecommunication
Union (ITU) & International Solid Waste Association (ISWA), Bonn/Geneva/Vienna.
ISBN Electronic Version. pp. 978-992.

Banga, K., te Velde, D.W., 2018. Digitalisation and the Future of Manufacturing in Africa.
Overseas Development Institute, London.

Beier, G., Niehoff, S., Xue, B., 2018. More Sustainability in Industry through Industrial
Internet of Things? Appl. Sci. 8 (2), 219.

Beier, G., Fritzsche, K., Kunkel, S., Matthess, M., Niehoff, S., Reiig, M., van Zyl-Bulitta,
V., 2020. Griine digitalisierte Wirtschaft?: Herausforderungen und Chancen fiir die
Nachhaltigkeit (IASS Fact Sheet). IASS, Potsdam from. https://publications.iass-
potsdam.de/pubman/faces/ViewltemOverviewPage.jsp?itemlId = item_6000055_1.

Berkhout, F., Hertin, J., 2001. Impacts of Information and Communication Technologies
on Environmental Sustainability: Speculations and Evidence. Report to the OECD,
Brighton, pp. 21.

Berkhout, F., Hertin, J., 2004. De-materialising and re-materialising: digital technologies
and the environment. Futures 36 (8), 903-920.

Birkel, H., Veile, J., Miiller, J., Hartmann, E., Voigt, K.-I., 2019. Development of a risk
framework for industry 4.0 in the context of sustainability for established manu-
facturers. Sustainability 11 (2), 384.

Buchana, P., Ustun, T.S., 2015. The Role of Microgrids & Renewable Energy in Addressing
Sub-Saharan Africa’s Current and Future Energy Needs. IEEE, Piscataway NJ.

Commission on Information and Communications Technology, 2014. The Philippine
Digital Strategy: Transformation 2.0: Digitally Empowered Nation.

Cordella, A., Iannacci, F., 2010. Information systems in the public sector: the e-
Government enactment framework. J. Strateg. Inf. Syst. 19 (1), 52-66.

Department of Telecommunications and Postal Services, 2016. National Integrated ICT
Policy White Paper. from. https://www.dtps.gov.za/images/phocagallery/Popular_
Topic_Pictures/National Integrated_ICT_Policy_White.pdf.

Department of Telecommunications and Postal Services, 2017. Digital Society South
Africa: South Africa’s National e-Strategy towards a Thriving and Inclusive Digital
Future. from. https://www.dtps.gov.za/images/phocagallery/Popular_Topic_
Pictures/National-e-strategy.pdf.

Department of Trade and Industry, 2018. Industrial Policy Action Plan: Economic Sectors,
Employment and Infrastructure Development Cluster 2018/19-2020/21. from.
https://www.gov.za/sites/default/files/gcis_document/201805/industrial-policy-
action-plan.pdf.

Ding, K., Jiang, P., Zheng, M., 2017. Environmental and economic sustainability-aware
resource service scheduling for industrial product service systems. J. Intell. Manuf. 28
(6), 1303-1316.

Elo, S., Kyngés, H., 2008. The qualitative content analysis process. J. Adv. Nurs. 62 (1),
107-115.

Erdmann, L., Hilty, L., Goodman, J., Arnfalk, P., 2004. The Future Impact of ICTs on
Environmental Sustainability. European Commission, Joint Research Centre.

Farhadi, M., Ismail, R., Fooladi, M., 2012. Information and communication technology
use and economic growth. PLoS One 7 (11).

Fischer, D., 2018. Chinas Energiewende: Konzepte fiir ein komplexes Innovationsfeld.
Deutsch-Chinesische Plattform Innovation, Policy Briefs 2018 der deutschen
Expertengruppe.

Ford, S., Despeisse, M., 2016. Additive manufacturing and sustainability: an exploratory
study of the advantages and challenges. J. Clean. Prod. 137, 1573-1587 Retrieved
June 13, 2019.

Friederici, N., Ojanper4, S., Graham, M., 2017. The impact of connectivity in Africa:
grand visions and the mirage of inclusive digital development. Electron. J. Inf. Syst.
Dev. Countries 2017 from. https://ssrn.com/abstract =2855398.

Fritzsche, K., Niehoff, S., Beier, G., 2018. Industry 4.0 and climate change—exploring the
science-policy gap. Sustainability 10 (12), 4511.

Fu, J., Zhang, H., Zhang, A., Jiang, G., 2018. E-waste Recycling in China: A Challenging
Field. ACS Publications.

Gebler, M., Schoot Uiterkamp, A.J.M., Visser, C., 2014. A global sustainability perspective
on 3D printing technologies. Energy Policy 74, 158-167.

Global e-Sustainability Initiative (GeSI), 2020. SMARTer 2030 - ICT Solutions for 21st
Century Challenges.

Grijalva, S., Tariq, M.U. (Eds.), 2011. Prosumer-Based Smart Grid Architecture Enables a
Flat, Sustainable Electricity Industry. IEEE.

GSMA, 2017. The Mobile Economy 2017. GSM Association, London.

Gu, C., Leveneur, S., Estel, L., Yassine, A., 2013. Modeling and optimization of material/
energy flow exchanges in an eco-industrial park. Energy Procedia 36, 243-252.
Hawash, R., Lang, G., 2019. Does the digital gap matter? Estimating the impact of ICT on

productivity in developing countries. Eurasian Econ. Rev. 1-21.

Heeks, R., 2014. Future Priorities for Development Informatics Research from the Post-
2015 Development Agenda: Development Informatics Working Paper no.57.

Heeks, R., Subramanian, L., Jones, C., 2015. Understanding e-waste management in de-
veloping countries: strategies, determinants, and policy implications in the Indian ICT
sector. Inf. Technol. Dev. 21 (4), 653-667.

Hilty, L.M., 2008. Information Technology and Sustainability: Essays on the Relationship
between ICT and Sustainable Development.

Hilty, L.M., 2011. Information Technology and Sustainability: Essays on the Relationship
between Information Technology and Sustainable Development. BoD-Books on
Demand.

Hilty, L., Lohmann, W., Huang, E., 2011. Sustainability and ICT—an overview of the field.
Politeia 27 (104), 13-28.

328

Environmental Science and Policy 112 (2020) 318-329

Huang, R., Riddle, M., Graziano, D., Warren, J., Das, S., Nimbalkar, S., et al., 2016.
Energy and emissions saving potential of additive manufacturing: the case of light-
weight aircraft components. J. Clean. Prod. 135, 1559-1570.

IEA, 1. E. A, 2017a. Digitalization and Energy. from. International Energy Agency, Paris.
https://www.iea.org/publications/freepublications/publication/
DigitalizationandEnergy3.pdf.

IEA, L. E. A, 2017b. Tracking Clean Energy Progress 2017.

IEA, I. E. A, 2017c. World Energy Outlook 2017. from. IEA, International Energy Agency.
https://www.iea.org/Textbase/npsum/weo2017SUM.pdf.

ITU, 2013. Planning for Progress: Why National Broadband Plans Matter. from. .
https://broadbandcommission.org/Documents/publications/reportNBP2013.pdf.
ITU, 2019. ICTs, LDCs and the SDGs - Achieving Universal and Affordable Internet in the
Least Developed Countries. Retrieved February 26, from. https://www.itu.int/pub/

D-LDC-ICTLDC-2018.

Jayal, A.D., Badurdeen, F., Dillon Jr, O.W., Jawahir, L.S., 2010. Sustainable manu-
facturing: modeling and optimization challenges at the product, process and system
levels. Cirp J. Manuf. Sci. Technol. 2 (3), 144-152.

Kreiger, M.A., Mulder, M.L., Glover, A.G., Pearce, J.M., 2014. Life cycle analysis of dis-
tributed recycling of post-consumer high density polyethylene for 3-D printing fila-
ment. J. Clean. Prod. 70, 90-96.

Liu, K., Sheng, W., Zhang, D., Jia, D., Hu, L., He, K., 2015. Big data application re-
quirements and scenario analysis in smart distribution network. Proc. CSEE 35 (2),
287-293.

Mansell, R., Wehn, U., 1998. Knowledge Societies: Information Technology for
Sustainable Development. United Nations Publications.

Marscheider-Weidemann, F., Langkau, S., Hummen, T., Erdmann, L., Tercero Espinoza,
L., Angerer, G., et al., 2016. DERA Rohstoffinformation: Rohstoffe fiir die
Zukunftstechnologien 2016. Auftragsstudie.

McBride, N., Stahl, B.C., 2010. Analysing a national information strategy: a critical ap-
proach. Int. J. Intercult. Inf. Manag. 2 (3), 232-262.

MININFRA, 2018. Energy Sector Strategic Plan 2018/19-2023/24. Kigali. .

Ministry of Communication Technology, 2012. National Information and Communication
Technology (ICT) Policy. from. https://nitda.gov.ng/wp-content/uploads/2018/
07/National-ICT-Policy1.pdf.

Ministry of Industrialization and Enterprise Development, 2015. Kenya’s Industrial
Transormation Programme. from. https://www.industrialization.go.ke/images/
downloads/kenya-s-industrial-transformation-programme.pdf.

Ministry of Information Communications and Technology, 2014. The Kenya National ICT
Masterplan 2014-2017. from. https://www.ict.go.ke/downloads/
THEICTNATIONALMASERPLAN2014-2017.pdf.

Ministry of Information Communications and Technology, 2016. National Information &
Communications Technology (ICT) Policy. from. http://icta.go.ke/pdf/National-
ICT-Policy-20June2016.pdf.

Ministry of Youth and ICT, 2015. SMART Rwanda Master Plan 2015-2020: A Prosperous
and Knowledgeable Society Through SMART ICT. from. https://nyabihu.gov.rw/
fileadmin/user_upload/ICT_SSP_SMART Rwanda_Master Plan__1_.pdf.

National Electronics and Computer Technology Center, 2010. Executive Summary
Thailand Information and Communication Technology Policy Framework (2011-
2020) ICT2020.

NEMA, 2013. Environmental Management and Co-ordination (E-waste Management)
Regulations. Nairobi. .

Nnorom, I.C., Osibanjo, O., 2008. Overview of electronic waste (e-waste) management
practices and legislations, and their poor applications in the developing countries.
Resour. Conserv. Recycl. 52 (6), 843-858.

Office of the National Economic and Social Development Board, 2016. The Twelfth
National Economic and Social Development Plan: (2017-2021). Bangkok, from.
https://www.greengrowthknowledge.org/sites/default/files/downloads/policy-
database/THAILAND%29%20The%20Twelfth%20National%20Economic%20and
%20Social%20Development%20P1an%20%282017-2021%29.pdf.

Orlins, S., Guan, D., 2016. China’s toxic informal e-waste recycling: local approaches to a
global environmental problem. J. Clean. Prod. 114, 71-80.

Ozturk, A., Umit, K., Medeni, I.T., Ucuncu, B., Caylan, M., Akba, F., Medeni, T.D., 2011.
Green ICT (Information and Communication Technologies): a review of academic and
practitioner perspectives. Int. J. eBusiness eGovernment Stud. 3 (1), 1-16.

Palvia, P., Baqir, N., Nemati, H., 2015. ICT policies in developing countries: an evaluation
with the extended design-actuality gaps framework. Electron. J. Inf. Syst. Dev.
Countries 71 (1), 1-34.

Pieri, F., Vecchi, M., Venturini, F., 2018. Modelling the joint impact of R&D and ICT on
productivity: a frontier analysis approach. Res. Policy 47 (9), 1842-1852.

Polimeni, J.M., Mayumi, K., Giampietro, M., Alcott, B., 2015. The Myth of Resource
Efficiency: The Jevons Paradox. Routledge.

Pothen, F., Schymura, M., 2015. Bigger cakes with fewer ingredients?: A comparison of
material use of the world economy. Ecol. Econ. 109, 109-121.

Pudjianto, D., Ramsay, C., Strbac, G., 2007. Virtual power plant and system integration of
distributed energy resources. IET Renew. Power Gener. 1 (1), 10-16.

Robinson, B.H., 2009. E-waste: an assessment of global production and environmental
impacts. Sci. Total Environ. 408 (2), 183-191.

Schreier, M., 2015. Varianten qualitativer Inhaltsanalyse: Ein Wegweise im Dickicht der
Begrifflichkeiten. Forum Qual. Sozialforschung 15 (1), 1-27.

Song, M.-L., Fisher, R., Wang, J.-L., Cui, L.-B., 2018. Environmental performance eva-
luation with big data: theories and methods. Ann. Oper. Res. 270 (1-2), 459-472.

Sousa Jabbour L. de, A.B., Jabbour, C.J.C., Godinho Filho, M., Roubaud, D., 2018.
Industry 4.0 and the circular economy: a proposed research agenda and original
roadmap for sustainable operations. Ann. Oper. Res. 270 (1-2), 273-286.

State Council of the People’s Republic of China, 2015. Guiding Opinions of the State
Council on Actively Propelling the Internet Plus: GuoFa [2015] No.40. Beijing, from.


http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0015
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0015
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0020
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0020
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0025
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0025
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0025
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0025
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0030
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0030
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0035
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0035
https://publications.iass-potsdam.de/pubman/faces/ViewItemOverviewPage.jsp?itemId=item_6000055_1
https://publications.iass-potsdam.de/pubman/faces/ViewItemOverviewPage.jsp?itemId=item_6000055_1
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0045
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0045
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0045
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0050
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0050
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0055
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0055
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0055
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0060
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0060
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0065
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0065
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0070
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0070
https://www.dtps.gov.za/images/phocagallery/Popular_Topic_Pictures/National_Integrated_ICT_Policy_White.pdf
https://www.dtps.gov.za/images/phocagallery/Popular_Topic_Pictures/National_Integrated_ICT_Policy_White.pdf
https://www.dtps.gov.za/images/phocagallery/Popular_Topic_Pictures/National-e-strategy.pdf
https://www.dtps.gov.za/images/phocagallery/Popular_Topic_Pictures/National-e-strategy.pdf
https://www.gov.za/sites/default/files/gcis_document/201805/industrial-policy-action-plan.pdf
https://www.gov.za/sites/default/files/gcis_document/201805/industrial-policy-action-plan.pdf
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0090
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0090
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0090
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0095
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0095
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0100
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0100
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0105
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0105
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0110
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0110
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0110
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0115
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0115
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0115
https://ssrn.com/abstract=2855398
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0125
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0125
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0130
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0130
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0135
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0135
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0140
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0140
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0145
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0145
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0150
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0155
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0155
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0160
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0160
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0165
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0165
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0170
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0170
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0170
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0175
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0175
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0180
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0180
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0180
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0185
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0185
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0190
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0190
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0190
https://www.iea.org/publications/freepublications/publication/DigitalizationandEnergy3.pdf
https://www.iea.org/publications/freepublications/publication/DigitalizationandEnergy3.pdf
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0200
https://www.iea.org/Textbase/npsum/weo2017SUM.pdf
https://broadbandcommission.org/Documents/publications/reportNBP2013.pdf
https://www.itu.int/pub/D-LDC-ICTLDC-2018
https://www.itu.int/pub/D-LDC-ICTLDC-2018
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0220
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0220
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0220
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0225
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0225
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0225
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0230
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0230
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0230
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0235
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0235
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0240
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0240
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0240
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0245
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0245
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0250
https://nitda.gov.ng/wp-content/uploads/2018/07/National-ICT-Policy1.pdf
https://nitda.gov.ng/wp-content/uploads/2018/07/National-ICT-Policy1.pdf
https://www.industrialization.go.ke/images/downloads/kenya-s-industrial-transformation-programme.pdf
https://www.industrialization.go.ke/images/downloads/kenya-s-industrial-transformation-programme.pdf
https://www.ict.go.ke/downloads/THEICTNATIONALMASERPLAN2014-2017.pdf
https://www.ict.go.ke/downloads/THEICTNATIONALMASERPLAN2014-2017.pdf
http://icta.go.ke/pdf/National-ICT-Policy-20June2016.pdf
http://icta.go.ke/pdf/National-ICT-Policy-20June2016.pdf
https://nyabihu.gov.rw/fileadmin/user_upload/ICT_SSP__SMART_Rwanda_Master_Plan___1_.pdf
https://nyabihu.gov.rw/fileadmin/user_upload/ICT_SSP__SMART_Rwanda_Master_Plan___1_.pdf
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0280
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0280
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0280
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0285
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0285
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0290
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0290
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0290
https://www.greengrowthknowledge.org/sites/default/files/downloads/policy-database/THAILAND%29%20The%20Twelfth%20National%20Economic%20and%20Social%20Development%20Plan%20%282017-2021%29.pdf
https://www.greengrowthknowledge.org/sites/default/files/downloads/policy-database/THAILAND%29%20The%20Twelfth%20National%20Economic%20and%20Social%20Development%20Plan%20%282017-2021%29.pdf
https://www.greengrowthknowledge.org/sites/default/files/downloads/policy-database/THAILAND%29%20The%20Twelfth%20National%20Economic%20and%20Social%20Development%20Plan%20%282017-2021%29.pdf
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0300
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0300
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0305
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0305
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0305
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0310
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0310
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0310
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0315
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0315
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0320
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0320
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0325
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0325
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0330
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0330
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0335
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0335
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0340
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0340
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0345
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0345
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0350
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0350
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0350

S. Kunkel and M. Matthess

https://www.garrigues.com/doc/Garrigues-Digital/Guiding_Opinions_of_the_State_
Council_on_Actively.pdf.

State Council of the People’s Republic of China, 2015. Made in China 2025. Beijing,
from. http://www.cittadellascienza.it/cina/wp-content/uploads/2017/02/I0T-
ONE-Made-in-China-2025.pdf.

Su, B., Heshmati, A., Geng, Y., Yu, X., 2013. A review of the circular economy in China:
moving from rhetoric to implementation. J. Clean. Prod. 42, 215-227.

Tseng, M.-L., Tan, R.R., Chiu, A.S.F., Chien, C.-F., Kuo, T.C., 2018. Circular economy
meets industry 4.0: can big data drive industrial symbiosis? Resources. Conserv.
Recycl. 131, 146-147.

UNIDO, 2017a. Industrial Development Report 2018: Demand for manufacturing: Driving
Inclusive and Sustainable Industrial Development. United Nations Publications,
Vienna.

329

Environmental Science and Policy 112 (2020) 318-329

UNIDO, 2017b. Structural Change for Inclusive and Sustainable Industrial Development.
United Nations Publications, Vienna.

WBGU, 2019. Towards Our Common Digital Future (1. Auflage). Wissenschaftlicher
Beirat d. Bundesregierung Globale Umweltveranderungen, Berlin.

Weinert, N., Chiotellis, S., Seliger, G., 2011. Methodology for planning and operating
energy-efficient production systems. CIRP Ann. 60 (1), 41-44.

World Bank, 2016. World Development Report 2016: Digital Dividends. from. The World
Bank, Washington D.C. http://documents.worldbank.org/curated/en/
896971468194972881/pdf/102725-PUB-Replacement-PUBLIC.pdf.

Xue, Y., Wen, Z., Bressers, H., Ai, N., 2019. Can intelligent collection integrate informal
sector for urban resource recycling in China? J. Clean. Prod. 208, 307-315.

Zhou, K., Yang, S., 2015. Demand side management in China: the context of China’s
power industry reform. Renew. Sustain. Energy Rev. 47, 954-965.


https://www.garrigues.com/doc/Garrigues-Digital/Guiding_Opinions_of_the_State_Council_on_Actively.pdf
https://www.garrigues.com/doc/Garrigues-Digital/Guiding_Opinions_of_the_State_Council_on_Actively.pdf
http://www.cittadellascienza.it/cina/wp-content/uploads/2017/02/IoT-ONE-Made-in-China-2025.pdf
http://www.cittadellascienza.it/cina/wp-content/uploads/2017/02/IoT-ONE-Made-in-China-2025.pdf
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0365
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0365
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0370
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0370
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0370
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0375
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0375
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0375
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0380
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0380
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0385
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0385
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0390
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0390
http://documents.worldbank.org/curated/en/896971468194972881/pdf/102725-PUB-Replacement-PUBLIC.pdf
http://documents.worldbank.org/curated/en/896971468194972881/pdf/102725-PUB-Replacement-PUBLIC.pdf
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0400
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0400
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0405
http://refhub.elsevier.com/S1462-9011(20)30157-X/sbref0405

	Digital transformation and environmental sustainability in industry: Putting expectations in Asian and African policies into perspective
	Introduction
	Framework: environmental effects of ICTs in industry
	Direct environmental effects of ICTs
	Indirect environmental effects of ICTs

	Methodology
	Country and policy document selection
	Qualitative content analysis

	Results &#x200B;&&#x200B; discussion
	Expectations about direct environmental effects of ICTs
	Example 1: e-waste and legal frame
	Example 2: Green ICT

	Expectations about indirect environmental effects of ICTs
	Example 3: 3D print in the aerospace industry in South Africa
	Example 4: renewable energy proliferation in Kenya, Rwanda and China
	Example 5: digital monitoring of resource use in China


	Concluding remarks
	Funding
	Author statement
	Declaration of Competing Interest
	Acknowledgement
	Excluded policies due to a lack of thematic fit
	Extended paraphrased policy expectations
	Direct environmental effects
	Indirect environmental effects

	References




