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NOTES
The United Nations Conference on Trade and Development (UNCTAD) serves as the lead entity within the United
Nations Secretariat for matters related to science and technology as part of its work on the integrated treatment
RI WUDGH DQG GHYHORSPHQW LQYHVWPHQW DQG ƄQDQFH 7KH FXUUHQW 81&7$' ZRUN SURJUDPPH LV EDVHG RQ WKH
mandates set at quadrennial conferences, as well as on the decisions of the General Assembly of the United
Nations and the Economic and Social Council that draw upon the recommendations of the Commission on
Science and Technology for Development (CSTD), which is served by the UNCTAD secretariat. The UNCTAD
work programme is built on its three pillars of research analysis, consensus-building and technical cooperation,
and is carried out through intergovernmental deliberations, research and analysis, technical assistance activities,
seminars, workshops and conferences.
This series of publications seeks to contribute to exploring current issues in science, technology and innovation,
with particular emphasis on their impact on developing countries.
The term “country” as used in this study also refers, as appropriate, to territories or areas. In addition, the
designations of country groups are intended solely for statistical or analytical convenience and do not necessarily
express a judgment about the stage of development reached by a particular country or area.
Any references to dollars ($) are to United States dollars.
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I. INTRODUCTION
Within the United Nations, the interest in new
technologies is spurred by the opportunities of
frontier technologies to address and monitor
the ambitious Sustainable Development Goals.
The 2030 Agenda for Sustainable Development,
adopted by world leaders in 2015, aims to “leave
no one behind” and therefore puts forward a
broad and ambitious agenda for global action on
sustainable development. The scale and ambition
of the Sustainable Development Goals require new
modalities for development, including bringing
technology and innovation into the foreground
of development strategies. Science, technology
and innovation (STI) are not only an explicit focus
of Goal 9 (Build resilient infrastructure, promote
LQFOXVLYHDQGVXVWDLQDEOHLQGXVWULDOL]DWLRQDQGIRVWHU
LQQRYDWLRQ  tWKH\ DUH NH\ HQDEOHUV RI PRVW RI WKH
Goals. Therefore, harnessing frontier technologies
could be transformative in achieving the Sustainable
Development Goals and creating more prosperous,
sustainable, healthy and inclusive societies.
Recent decades have seen a dramatically accelerating
pace in the development and adoption of new
technologies, even though various gaps persist in
terms of adoption in different parts of the world,
especially in the least developed countries. This rapid
technological change is affecting almost every area
of the economy, society and culture. The Technology
and Innovation Report 2018 (UNCTAD, 2018a)
found that the pace of development and adoption of
new technologies is likely to continue in the coming
years. Frontier technologies are often at the centre
RIGLVFXVVLRQV7KH\DUHFKDUDFWHUL]HGE\WKHLUUDSLG
development (Fogel, 1999; Anthony, 2016; Simonite
2016) and great possibilities for combination based on
GLJLWDOL]DWLRQDQGFRQQHFWLYLW\ 81&7$'D 7KLV
convergence of technologies to digital is enabled by
the Internet (Manyika et al., 2016), which is facilitating
ease of use, and dramatic reductions in the cost
of computing. The convergence is resulting in the
GHPRFUDWL]DWLRQRIDFFHVVDQGWKHHPHUJHQFHRIQHZ
actors and forms of innovation.
Rapid technological change involves, among others,
technologies like big data, the Internet of things,
PDFKLQH OHDUQLQJ DUWLƄFLDO LQWHOOLJHQFH URERWLFV
3D
printing,
biotechnology,
nanotechnology,
renewable energy technologies, and satellite and

GURQH WHFKQRORJLHV 7KHVH UHSUHVHQW D VLJQLƄFDQW
opportunity to achieve the 2030 Agenda and the
Sustainable Development Goals. Rapid technological
change could contribute to many if not all of the Goals,
especially those related to hunger (Goal 2), health (Goal
3), education (Goal 4), gender equality (Goal 5), clean
energy (Goal 7), industry, innovation and infrastructure
(Goal 9), sustainable cities and communities (Goal
12) and climate change (Goal 13) (Department of
Economic and Social Affairs, 2018; UNCTAD, 2017a).
At the same time, rapid technological change poses
new challenges for policymaking. It can outpace the
capacity of Governments and society to adapt to the
changes that new technologies bring about, as they
can affect labour markets, perpetuate inequalities and
raise ethical questions. These are questions highly
relevant to Goal 8 (decent work and economic growth)
and Goal 10 (reduced inequalities) (Department of
Economic and Social Affairs, 2018).
In recent years, there has also been growing interest
by Member States to examine the impact of rapid
technological change on sustainable development
within the United Nations system. Discussions have
been taking place in several forums, including the
General Assembly, CSTD, the Multi-stakeholder
Forum on Science, Technology and Innovation for the
Sustainable Development Goals and various other
regional and global workshops and expert group
meetings.
This paper responds to General Assembly resolution
72/242, which requests that CSTD, through the
Economic and Social Council, to give due consideration
to the impact of key rapid technological changes on the
achievement of the Sustainable Development Goals.
CSTD seeks to deepen the understanding of the
impact of rapid technological change on sustainable
development, especially the consequences for the
central principle of the 2030 Agenda of leaving no
one behind, and the implications for the science,
technology and innovation community. It examines
the opportunities, risks and challenges brought about
by rapid technological change and looks at the role
of science, technology and innovation (STI) policy. It
LGHQWLƄHV VWUDWHJLHV SROLFLHV DQG LPPHGLDWH DFWLRQV
to take to use science, technology and innovation to
empower people, especially those who are vulnerable,
and ensure inclusiveness and equality.
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Chapter I introduces the concept of rapid technological
change and discusses the growing interest by
Member States to examine its impact on sustainable
development. Chapter II presents the opportunities
of rapid technological change for achieving as well
as monitoring the Sustainable Development Goals. It
examines how new and emerging technologies can
contribute to the economic, social and environmental
aspects of sustainable development. Chapter III
discusses the transformative and disruptive potential
of rapid technological changes, including economic,
social and ethical considerations. Chapter IV analyses
how technological change perpetuates or mitigates
existing socioeconomic divides within and between
countries.

Chapters V and VI discuss strategies and policies.
These chapters draw on a range of national and
regional case studies on how policies can address
rapid technological change. Chapter V looks at
examples of national strategies and policies for
rapid technological change, while chapter VI takes
stock of regional, international and multi-stakeholder
cooperation. It includes a focus on the role of
international cooperation and recommendations to
CSTD. Finally, chapter VII concludes with the key
messages.

II. Opportunities of rapid technological change for sustainable development
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II. OPPORTUNITIES OF RAPID TECHNOLOGICAL CHANGE
FOR SUSTAINABLE DEVELOPMENT
Many countries and regions are harnessing rapid
technological change to address economic, social, and
environmental challenges. The UNCTAD secretariat
sent out a questionnaire to all CSTD Member States
and United Nations regional commissions soliciting
inputs for case studies, lessons learned and best
practices on the impact of rapid technological change
in sustainable development. Eleven countries and
three regional commissions replied with extensive
case studies of applications covering nearly all of the
Sustainable Development Goals (e.g. health; decent
work and economic growth; industry, innovation and
infrastructure; agriculture; education; and sustainable
cities and communities) across a range of technologies
HJDUWLƄFLDOLQWHOOLJHQFH'SULQWLQJQDQRWHFKQRORJ\
blockchain, biotechnology, big data and robotics).
Based on the inputs provided and additional research
conducted by the UNCTAD secretariat, this chapter
provides examples of how rapid technological change
can contribute to sustainable development.

A.

ERADICATING POVERTY AND
MONITORING PROGRESS IN ACHIEVING
THE SUSTAINABLE DEVELOPMENT GOALS

Ending poverty in all its forms (Goal 1) requires not only
income but also ensuring that “all men and women,
in particular the poor and the vulnerable, have equal
rights to economic resources, as well as access to
basic services […]” (target 1.4) and building “the
resilience of the poor and those in vulnerable situations
and reduce their exposure and vulnerability to climaterelated extreme events and other economic, social
and environmental shocks and disasters” (target 1.5).
Innovation and new technologies can contribute to
eradicating poverty by raising living standards and
FRQWULEXWLQJ WR HFRQRPLF GLYHUVLƄFDWLRQ ,QWHUQHW RI
things-enabled devices and nanotechnology, for
example, can be used to detect water contamination
and purify water, while renewable energy technologies
can provide electricity in rural areas far from the grid
systems (see chapter II.B.4 and II.C). More accurate
weather forecasts can make smallholder farmers more
resilient (see chapter II.B.2). Foresight techniques, such
as big data analysis, can help policymakers to identify
trends and support urban planning, while information
and communication technologies are being widely

XVHGWRGHOLYHUƄUVWUHVSRQVHHPHUJHQF\DLGDVZHOODV
to share information and provide early warning.
In addition, frontier technologies, including big data
and machine learning, can also be used to create
measures and develop and monitor the effectiveness
of anti-poverty programmes and progress towards
achieving the Sustainable Development Goals more
broadly. Models based on both mobile phone activity
and airtime credit purchases have been shown
to estimate multidimensional poverty indicators
accurately (United Nations Global Pulse, 2014), while
recent studies have validated the potential of satellite
imagery and machine learning to predict poverty, using
publicly available and non-proprietary data (Jean et
al., 2016). For example, researchers have predicted
the wealth and economic shocks within the East
African region based on mobile phone data collected
from mobile operators in the region (Blumenstock et
al., 2011). Economists at the Massachusetts Institute
of Technology (MIT) have developed PriceStats,
DQ LQQRYDWLYH SODWIRUP WKDW PHDVXUHV LQƅDWLRQ LQ
} HFRQRPLHV RQ D GDLO\ EDVLV XVLQJ RQOLQH SULFHV
ZKLFK FDQ KHOS SUHGLFW LQƅDWLRQ PRUH TXLFNO\ WKDQ
QDWLRQDO RIƄFLDO VWDWLVWLFV 3UHPLVH D GDWD DQDO\WLFV
and technology company, uses crowd-sourced data
via the mobile phone to create real-time economic
LQGLFDWRUV WKDW DUH RIWHQ DV DFFXUDWH DV RIƄFLDO
statistics but faster to collect. However, it remains to
be seen whether these big data-derived indicators
will continue to be as accurate as research and pilot
projects suggest. While there are opportunities for big
data to augment the evidence base for developing
countries, where traditional statistics are scarce, some
algorithms may increasingly develop out of sync with
the underlying socioeconomic, health or environmental
UHDOLW\RYHUWLPH /D]HUHWDO 

B.

IMPROVING FOOD SECURITY, NUTRITION
AND AGRICULTURAL DEVELOPMENT

About 795 million people, or every ninth person in
the world, is undernourished, with the majority living
in developing countries and rural areas. New, existing
and emerging technologies can address the four
dimensions of food security, namely, food availability,
access, use and stability. For example, genetic
PRGLƄFDWLRQ PHWKRGV IRU LPSURYLQJ VRLO IHUWLOLW\ DQG
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irrigation technologies can increase food availability.
Post-harvest and agro-processing technologies can
DGGUHVV IRRG DFFHVVLELOLW\ ELRIRUWLƄFDWLRQ FDQ PDNH
food more nutritious and climate-smart STI solutions
tLQFOXGLQJ WKH XVH RI SUHFLVLRQ DJULFXOWXUH DQG HDUO\
ZDUQLQJV\VWHPVtFDQPLWLJDWHIRRGVXSSO\LQVWDELOLW\
New and emerging technologies, including synthetic
ELRORJ\ DUWLƄFLDO LQWHOOLJHQFH DQG WLVVXH HQJLQHHULQJ
may have potential implications for the future of crop
and livestock agriculture.

1. Improving agricultural productivity
Big data, the Internet of things, remote sensing, drones
DQGDUWLƄFLDOLQWHOOLJHQFHPD\FDWDO\VHSUHFLVLRQIDUPLQJ
requiring fewer agrochemical inputs for existing
agricultural processes. Nubesol offers crop healthrelated data to farmers and corporations based on a
vegetation index it developed using satellite imagery that
ultimately provides decision support to farmers about
GRpV DQG GRQpWV IRU HQVXULQJ FURS KHDOWK 7KH 6PDUW
3HVWLFLGH SURMHFW XWLOL]HV XOWUDVRQLF VHQVRUV WR LGHQWLI\
crop pests and sprinkle pesticides in a limited target
area using a drone (Singh, 2015). The Indian start-up
CropIn provides analytics and software solutions for
crop management and has developed a vegetation
index using satellite images that provides support to
farmers to ensure crop health (Singh, 2015).
Drones also represent a potential leapfrogging
opportunity for Africa in precision agriculture to
more effectively measure and respond to variability
in crop and animal production. Drones have several
applications in precision agriculture, including, but not
limited to, land tenure and land-use planning, cargo
GHOLYHU\ VFLHQWLƄF UHVHDUFK LQVSHFWLRQ PRQLWRULQJ
and surveillance, crop and infrastructure damage
assessment, and management of agricultural assets.
)RU H[DPSOH WKH 7KLUG (\H SURMHFW LQ 0R]DPELTXH
used low-cost drones to help small-scale farmers
LPSURYHFURSSURGXFWLRQE\}SHUFHQWDQGUHGXFH
ZDWHUXVHE\}SHUFHQW1 (de Klerk et al., 2017; African
8QLRQDQG1HZ3DUWQHUVKLSIRU$IULFDpV'HYHORSPHQW
2018). In the area of land-use planning and land
tenure, drones are being used to create an aerial
EDVHPDSRI=DQ]LEDU8QLWHG5HSXEOLFRI7DQ]DQLDWR
support urban planning, health promotion, seaweed
mapping, sustainable tourism and coastal monitoring
=DQ]LEDU&RPPLVVLRQRQ/DQG 
1

These results illustrate the systemic nature of the innovation
process: the positive outcomes of the pilot project are not only
a result of the application of drone technology but also the
training of local drone operators, communication of relevant
agronomic information to farmers and the widespread availability of mobile phones, among other factors.

Genetic sequencing, along with machine learning, is
being used to detect soil quality and help increase
crop quality.2 Machine learning is being applied
to drone and satellite imagery to build detailed
weather models that help farmers make more
LQIRUPHGGHFLVLRQVWRPD[LPL]HWKHLU\LHOG3 It is also
being used with plant genomic and phenotypic data
to predict the performance of new plant hybrids.4
Robots are increasingly automating farming
through the ecological and economical weeding of
row crops.5 Beyond rural areas, big data and the
Internet of things are enabling urban, indoor and
vertical farming, which in some cases can improve
DJULFXOWXUDO SURGXFWLYLW\ DQG ZDWHU HIƄFLHQF\ ZLWK
minimal or negligible need for pesticides, herbicides
DQGIHUWLOL]HUV6

2. Building resilience for farmers
New technologies are enabling novel early warning
systems conferring unique predictive advantages. For
example, Sweden-based Ignitia accurately predicts
weather forecasts in tropical areas with a combination
of algorithmic techniques based on convective
processes, complex modelling of physics, and small
(spatial and temporal) forecasting windows. The
UHVXOW LV D UHSRUWHG } SHU FHQW DFFXUDF\ UDWH RYHU
two rainy seasons in West Africa (2013 and 2014),
compared with other weather service providers with
D } SHU FHQW UDWH ,JQLWLD   /RZFRVW GDLO\
messages help farmers anticipate rainfall for the
next 48 hours. In addition, the International Centre
for Tropical Agriculture uses big data on weather and
crops to better adapt to climate. Through its analysis
during the last decade of big volumes of weather
and crops data in Colombia, this initiative can predict
upcoming changes in the climate. The projections
help farmers to carry out sowing at the right time and
thus prevent economic losses.

2
3

4

5

6

See https://www.tracegenomics.com.
A number of companies provide satellite imagery solutions
EDVHG RQ PDFKLQH OHDUQLQJ DQG DUWLƄFLDO LQWHOOLJHQFH ([DPples include https://www.nervanasys.com/solutions/agriculture/; http://www.descarteslabs.com/; https://pix4d.com/;
http://gamaya.com/; http://www.bluerivert.com/; http://prospera.ag/; https://www.tuletechnologies.com/; http://www.
planetaryresources.com.
A number of companies provide satellite imagery solutions
EDVHGRQPDFKLQHOHDUQLQJDQGDUWLƄFLDOLQWHOOLJHQFH([DPSOHV
include https://www.nervanasys.com/solutions/agriculture/.
6HHKWWSZZZHFRURERWL[FRPDQGKWWSVZZZGHHSƄHOG
robotics.com/.
See https://urbanfarmers.com/; http://cool-farm.com/; http://
light4food.com/en/; http://www.newsweek.com/2015/10/30/
feed-humankind-we-need-farms-future-today-385933.html.
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Other uses of technology involve the building of
ƄQDQFLDOUHVLOLHQFHWRZHDWKHUDQGFOLPDWHFKDQJHVWKDW
negatively affect the incomes of agricultural workers.
The International Livestock Research Institute (ILRI)
created a programme known as Index-based Livestock
,QVXUDQFH WR SURYLGH ƄQDQFLDO SURWHFWLRQ EDVHG RQ D
rainfall index to trigger payments for pastoralists in
WKH+RUQRI$IULFD :RUOG)RRG3UL]H 5HVXOWV
of a household survey on impact evaluation in that
region demonstrate that households insured by the
programme were less likely to reduce meals or sell
livestock and more likely to have veterinary services,
higher milk productivity and more nourished children
(Jensen et al., 2015).

3. Monitoring food insecurity
Frontier technologies can also support initiatives to
monitor food security and innovatively distribute food
assistance. A study carried out by the World Food
Programme used mobile data to assess food security.
The results showed that airtime could serve as a
proxy indicator for marketplace food expenditures. In
addition, models based on both mobile phone activity
and airtime credit purchases were shown to estimate
multidimensional poverty indicators accurately (United
Nations Global Pulse, 2014). Another programme
coordinated by United Nations Global Pulse, the
Government of Indonesia and the World Food
Programme used public tweets mentioning food prices
to develop a real-time food index (United Nations
Global Pulse, 2018). The World Food Programme has
also piloted the use of blockchain to carry out cash
and food assistance in Jordanian and Syrian refugee
camps, reducing overhead, improving security and
speeding up aid (World Food Programme, 2017).

4. Improving water availability and
HIƄFLHQF\
Beyond physical technologies and crop inputs, data
can be used as a resource to improve water availability
DQGHIƄFLHQF\,Q3HUXLQIRUPDWLRQDFFHVVWRZHDWKHU
and climate patterns is expensive and limited. The
Institute for University Cooperation Onlus provides
an irrigation-scheduling system that recommends
the best irrigation practices based on climate,
meteorological and soil data through a mobile platform
0F0DKDQHWDO ,QFRXQWULHVOLNH0R]DPELTXH
farmers may not have reliable information on crop
status and may be afraid of using costly inputs (highTXDOLW\ VHHGV IHUWLOL]HU LUULJDWLRQ  LQ WKH DEVHQFH RI
VXFK LQIRUPDWLRQ )XWXUH:DWHUpV )O\LQJ 6HQVRU XVHV
near-infrared sensors that can detect crop stress up
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WRWZRZHHNVEHIRUHYLVLEO\REVHUYDEOH,QLWVƄUVW\HDU
RIRSHUDWLRQDVXEVHWRIKRXVHKROGVEHQHƄWLQJIURP
WKH WHFKQRORJ\ UHSRUWHG D } SHU FHQW UHGXFWLRQ LQ
water usage (McMahan et al., 2015). Furthermore, in
Bangladesh, Internet of things data are being used
to get a better understanding of the groundwater
chemistry and protect tens of millions of people
in the Ganges Delta that face the threat of drinking
groundwater contaminated with arsenic (Zennaro et
al., 2008).

5. Improving preservation of crops
Nanotechnology is being used in several projects
to improve the preservation of crops (UNCTAD,
2017b). The Canadian International Food Security
Research Fund and the International Development
Research Centre support a programme to enhance
WKH SUHVHUYDWLRQ RI IUXLWV LQ FROODERUDWLRQ ZLWK ƄYH
other countries: India, Kenya, Sri Lanka, Trinidad
DQG 7REDJR DQG WKH 8QLWHG 5HSXEOLF RI 7DQ]DQLD
It aims to increase environmentally sustainable food
security for poor people, especially small-scale
farmers and women, through applied, collaborative,
results-oriented research that informs development
practice. A key part of the project involves hexanal,
an affordable and naturally occurring compound
produced by all plants to slow the ripening of soft fruits
and extends their storage life. The use of hexanal spray
has increased fruit retention time by up to 2 weeks in
PDQJR DQG t GD\V LQ SHDFKHV DQG QHFWDULQHV $
nanotechnology smart-packaging system was also
developed with hexanal-impregnated packaging
and coatings made from banana stems and other
agricultural waste to keep fruit fresh. The technologies
are transferred using different mechanisms, including
WKURXJK WHFKQRORJ\ WUDQVIHU ZRUNVKRSV ƄHOG GD\V
seminars and public private model centres.

C.

PROMOTING ENERGY ACCESS AND
EFFICIENCY

7KH GHYHORSPHQW RI GHFHQWUDOL]HG UHQHZDEOH HQHUJ\
systems could provide electricity in rural areas far from
the grid systems (UNCTAD, 2017c). International prices
in renewables have fallen dramatically in recent years
as investments in their development have increased.
The cost of wind turbines has fallen by nearly a third,
DQGWKDWRIVRODUSKRWRYROWDLF 39 PRGXOHVE\}SHU
cent since 2009 (International Renewable Energy
Agency, 2016), making both increasingly competitive
with fossil fuel generation. Solar energy is now the
cheapest generation technology in many parts of
WKH ZRUOG 'RUULHU   +\EULG V\VWHPV XWLOL]LQJ
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solar PV and battery storage are currently applied
to provide energy access. Potentially, these off-grid
solutions could become the technical foundation of
interconnected mini-grids as a future cellular grid and
DGHFHQWUDOL]HGHQHUJ\V\VWHP7
Access to electricity plays a critical role not only for
improving the lives of households but also in enabling
new productive and income-generating activities in
rural areas. The transition from fossil fuels to renewable
energy could be a catalyst for industrial development
DQG VWUXFWXUDO FKDQJH LI EDFNHG E\ ƄQDQFH DQG
investment, technology transfer and other supportive
measures to ensure adequate energy supply at
reasonable costs. In the least developed countries
particularly, such a transition requires overcoming
LPSRUWDQW WHFKQRORJLFDO HFRQRPLF ƄQDQFLDO DQG
governance obstacles.
Several countries have strategies to promote the
development of renewable energy technologies. Chile
is developing the technologies to change the energy
mix in the electricity sector through renewable energy,
becoming a leading country to manage energy
transition in the region.8 The Government of Canada
is also working to leverage the opportunity to be a
leader in the clean technology sector by tackling the
unique challenges that clean technology companies
have related to access to long-term capital and both
domestic and international markets. This includes
WKH UHFDSLWDOL]DWLRQ RI 6XVWDLQDEOH 'HYHORSPHQW
Technology Canada to help Canadian innovators bring
their ground-breaking clean technologies to market.9
Energy demand can also be managed with the use
of big data technologies. Smart grids can increase
energy distribution and production by allowing
households with solar panels on their roofs to feed
surplus energy back into the electricity grid. The
real-time information provided by smart grids help
utility companies better respond to demand, power
supply, costs and emissions, as well as avert major
power outages (UNCTAD, 2015). For instance,
Zenatix, a Delhi-based start-up, deploys smart
meters and temperature sensors to monitor energy
PHWHUV DQG KHOS KRXVHKROGV DQG RIƄFHV UHGXFH
energy consumption through message-based alerts.
One successful example of their impact is saving
the Indraprastha Institute of Information Technology
in New Delhi close to $30,000 annually in energy
consumption (Dora, 2015).
7
8
9

Contribution from the Government of Germany, 2018.
Contribution from the Government of Chile, 2018.
Contribution from the Government of Canada, 2018.

D.

ENABLING ECONOMIC DIVERSIFICATION
AND TRANSFORMATION, PRODUCTIVITY
AND COMPETITIVENESS

For countries with requisite technological capabilities,
frontier technologies may support structural
transformation, improved living standards, increased
productivity, reduced production costs and prices
and raise real wages. Frontier technologies, including
DUWLƄFLDOLQWHOOLJHQFHKDYHWKHSRWHQWLDOWRSURPRWHQHZ
sources of employment and income and access new
markets and opportunities previously out of reach.10
New frontier technologies provide opportunities
for technological leapfrogging and fundamentally
restructuring their economies. For example, a few
countries such as the Republic of Korea and Taiwan
Province of China have achieved rapid economic
JURZWK E\ OHDSIURJJLQJ LQ VRPH VSHFLƄF WHFKQRORJ\
sectors such as semiconductors and other electronic
goods. A few developing countries have made their
mark as developers of renewable energy technologies,
ZLWK %UD]LO DV WKH VHFRQGODUJHVW SURGXFHU RI OLTXLG
biofuels for transport and China as the global leader in
the production of photovoltaic, wind and solar thermal
heating technologies.
Renewable energy technologies and some 3D printing
technologies hold potential promise for supporting
manufacturing and industrial processes with minimal
environmental costs. Frontier technologies enabling
JUHHQLQGXVWULDOL]DWLRQFRXOGKHOSGHYHORSLQJFRXQWULHV
leapfrog through investments in infrastructure and
innovation that grow demand for modern energy
services, create green jobs and protect the environment.
However, if developing countries seek to engage in
long-term technological innovation through industrial
development and the manufacturing of leapfrogging
technologies, both hard and soft infrastructure, as well
as appropriate policy frameworks, will be required.
An example of supportive policy framework is the
Smart Manufacturing Systems Technology Road
0DSFRRUGLQDWHGE\WKH6FLHQWLƄFDQG7HFKQRORJLFDO
5HVHDUFK&RXQFLORI7XUNH\ 7¹%Ĝ7$.  VHH%R[}).
Box 1. Turkey: Smart Manufacturing Systems
Technology Road Map
In Turkey, the Smart Manufacturing Systems
Technology Road Map is based on different
technology groups, interactions within the scope
of smart manufacturing systems and factories of
the future with 8 critical technologies and 29 critical
products. A comprehensive participatory process
LQFOXGHG WKH GHƄQLWLRQ RI WHFKQRORJ\ JURXSV
WHFKQRORJ\EDVHG VWUDWHJLF WDUJHWV WKH LGHQWLƄFDWLRQ
of critical technologies, the determination of research
10

Contribution from the Government of Mexico, 2018.
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DQGGHYHORSPHQW 5 ' SURMHFWVDQGSULRULWL]HGVHFWRUDO
applications. This multilayered road map approach helps
WRDVVRFLDWHDFULWLFDOWHFKQRORJ\WRVSHFLƄF5 'SURMHFWV
and sector applications, which has been an effective way
to support the new industrial revolution in Turkey.
Source: Contribution from the Government of Turkey, 2018.
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a large pool of both formal and informal knowledge.
As a result, crowdsourcing provides new abilities to
harness the “wisdom of the crowd” to solve major
challenges, create open knowledge and data sources
(e.g. online encyclopedias and volunteered geographic
information), and crowdfund new businesses, projects
and philanthropic initiatives.11

PROMOTING SOCIAL INCLUSION
Box 3. ManaBlass.lv: A platform for citizens’
legislative initiatives

Governments are using technologies to support
inclusion. For example, a technology combining
biometric and demographic data, called Aadhaar,
HQDEOHGWKHƄQDQFLDOLQFOXVLRQRIELOOLRQSHRSOHLQ
India (see %R[}). Governments are also experimenting
with blockchain technologies that may have wideranging applications in smart contracts, digital identity
V\VWHPVODQGUHJLVWUDWLRQDQGƄQDQFLDOWUDQVDFWLRQV

Digital platforms can contribute to more inclusive
policymaking at the national level. In Latvia, for example,
a platform called ManaBalss.lv (“My voice”) helps to
EULQJ SHRSOHpV LGHDV WR 3DUOLDPHQW DQG SXW WKHP RQ
the agenda. ManaBalss is a civic initiative platform
ZKHUHHYHU\/DWYLDQFLWL]HQZKRKDVDWWDLQHGWKHDJH
of 16 can place an initiative and gather signatures for
further submission to Parliament. When the initiative
attains 10,000 signatures, it is submitted to Parliament
for consideration. Initiatives that do not pass the
threshold may be submitted to any municipalities in
/DWYLD WKXV LQƅXHQFLQJ SROLF\ LPSOHPHQWDWLRQ $V RI
 RYHU } SHU FHQW RI /DWYLDQV KDYH YLVLWHG WKH
platform. In all, 42 initiatives have been submitted
to Parliament or the municipality, and 15 have since
became laws, amendments or legislative acts. The
initiative allows for a broader community involvement
in the national decision-making process, ensuring the
possibility to exert real impact on decision-making in a
relatively short period of time. In addition, the platform
informs the public about the needs of different groups
of the society and involves the whole of society in
addressing these needs.

Box 2. India: Aadhar programme for social
inclusion
In India, the Aadhaar programme is a governmentOHG WHFKQRORJ\EDVHG ƄQDQFLDO LQFOXVLRQ V\VWHP
,W LQFOXGHV D XQLTXH LGHQWLƄFDWLRQ QXPEHU EDVHG RQ
biometric and demographic data that is linked to a
mobile phone number, a low-cost bank account and
an open mobile platform. The combination of those
elements enabled public and private banks to establish
an open and interoperable low-cost payment system
that is accessible to anyone with a bank account and
DPRELOHSKRQH0RUHWKDQPLOOLRQEHQHƄFLDULHV
KDYHQRZUHFHLYHGGLUHFWEHQHƄWWUDQVIHUVVDYLQJWKH
Government $7.51 billion over three years.

Sources: Breidaks, 2017; Contribution from the Government
of Latvia, 2018.

Source: Contribution from the Economic and Social
&RPPLVVLRQIRU$VLDDQGWKH3DFLƄF

New technologies enable large segments of
populations in developing countries to innovate,
coordinate and collaborate. Grass-roots innovation
facilitates the involvement of grass-roots actors,
such as social movements and networks of
academics, activists and practitioners experimenting
with alternative forms of knowledge creation and
innovation processes (see %R[} ). For example, a
fabrication laboratory established by the University of
Nairobi has used 3D printing to develop a sanitation
VROXWLRQ IRU VOXPV DQG D YHLQƄQGHU GHYLFH WR KHOS
administer injections in infants. New platforms provide
innovative ways to coordinate by distributing work
(e.g. gig economy and remote teams), building twosided markets for the sharing economy (e.g. car and
home sharing), developing open-source software
DQG SURYLGLQJ SHUVRQDOL]HG GLJLWDO OHDUQLQJ ZLWKLQ
and outside established educational institutions (Van
der Have and Rubalcaba, 2016). Digitally enabled
open and collaborative innovation makes it possible
to produce knowledge and technology across a
multiplicity of actors and institutions, drawing from

F.

CONFRONTING DISEASE AND IMPROVING
HEALTH

Frontier technologies could address intractable
challenges with respect to human health and
agricultural productivity by more effectively distributing
interventions, monitoring and assessing health-related
indicators and developing gene-editing techniques.
Countries are increasingly using geographic
information systems and unmanned aerial systems to
EHWWHU FRQQHFW FLWL]HQV ZLWK H[LVWLQJ KHDOWK V\VWHPV
For example, during a typhoid outbreak in Uganda,
the Ministry of Health used data-mapping applications
WR DOORFDWH PHGLFLQH DQG PRELOL]H KHDOWK WHDPV
(United Nations Global Pulse, 2015). In Rwanda, the
Government partnered with a robotics company,
Zipline, to address maternal mortality by using drones
to deliver blood to medical facilities, reducing the time
11

For an in-depth discussion on innovative models to support
sustainable development, see UNCTAD, 2017d, New
Innovation Approaches to Support the Implementation of the
Sustainable Development Goals (United Nations publication,
New York and Geneva).
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to procure blood from 4 hours to 15 minutes (Rosen,
 9DQXDWXZLOOVRRQHPEDUNRQDZRUOGƄUVWWULDO
to deliver temperature-sensitive vaccines to remote
villages via commercial drones (Ainge Roy, 2018).
Frontier technologies hold promise for making public
health interventions more effective by using big data
and digital simulations for nowcasting and forecasting.
For example, the Hydrology, Entomology, and Malaria
Transmission Simulator (HYDREMATS) is a spatial
simulation model of malaria transmission and rainfall
using satellite-derived vegetation and soil parameters.
With the help of this model, scientists working in a
Niger Sahel village targeted the application of a growthLQKLELWLQJ ODUYLFLGH WR D VSHFLƄF ORFDWLRQ LQ WKH YLOODJH
known to transmit malaria, decreasing the village adult
PRVTXLWR DEXQGDQFH E\ } SHU FHQW +LOEHUW  
Recent research developments have explored the
XVH RI UHLQIRUFHPHQW OHDUQLQJ t D VSHFLƄF EUDQFK RI
PDFKLQHOHDUQLQJDQGDUWLƄFLDOLQWHOOLJHQFHtWRGULYHWKH
development of interventional policy options for malaria
control using digital simulation tools (Bent et al., 2017).
'LJLWL]DWLRQ LV HQDEOLQJ WKH QRYHO PDQLSXODWLRQ RI
biological processes and atomic and molecular-scale
PDWWHU $GYDQFHV LQ ELRWHFKQRORJ\ DOORZ YHU\ VSHFLƄF
JHQHHGLWLQJIRUKXPDQPHGLFLQHPDNLQJSHUVRQDOL]HG
treatments possible for some conditions (Ledford,
2016). The large amounts of data gathered are “enabling
scientists to identify key genetic predispositions to
more than 5,000 of the inherited diseases resulting
from mutations in a protein-encoding gene” and to
target therapies based on the signatures of different
mutations (Wadhwa with Salkever, 2017). Genome
editing also allows disease-resistant genes from related
wild plant species to be inserted in modern plants, and
newly formed companies are using synthetic biology to
GHYHORS ELRORJLFDO QLWURJHQ Ƅ[DWLRQ WR LQFUHDVH \LHOGV
for African smallholders sustainably, by allowing crops
WRƄ[QLWURJHQIURPVRLOEDFWHULDUHGXFLQJUHOLDQFHRQ
V\QWKHWLFIHUWLOL]HUV (QJLQHHULQJ1LWURJHQ6\PELRVLVIRU
Africa, 2018).

G.

SCALING AND PERSONALIZING
EDUCATION

New digital platforms, including massive open online
courses (MOOCs), provide online courses that allow
for open access and unlimited participation through

the World Wide Web. MOOCs do not just involve online
video lectures but also typically incorporate social
sharing features (e.g. online discussion forum or wiki),
LQWHUDFWLYH TXL]]HV DQG DVVLJQPHQWV VXSSOHPHQWDU\
resources (e.g. books, articles), community teaching
assistants who moderate discussion forums and help
DQVZHUVWXGHQWTXHVWLRQVDVZHOODVVWUHDPLQJRIƄFH
hour sessions with professors and staff. Key potential
EHQHƄWVLQFOXGHORZHUFRVWUHSOLFDWLRQRIKLJKTXDOLW\
teachers, content and methods; self-paced learning;
DQG GDWD DQDO\WLFV IRU RSWLPL]LQJ OHDUQLQJ RQ WKH
platform (Brynjolfsson and McAfee, 2014; Khan,
2013).
3D printing and open hardware and software
platforms have the potential to enhance the
educational experience in developed and
developing countries. 3D printing is being used
as a tool for education in primary, secondary and
post-secondary schools. In the United States,
some 3D printing companies are training educators
how to use the technology as part of afterschool
programmes at their schools (Council, 2015). In
India, students are 3D printing historical artefacts,
organ parts, city models, art projects, and dinosaurs
to get hands-on experience about various subjects
.RKOL +\GHUDEDGEDVHGWKLQN'LVGLJLWL]LQJ
diagrams and educational images in Indian school
textbooks for the visually impaired. In collaboration
with the Devnar Foundation for the Blind, the 3D
PRGHOVRIFRQFHSWVFDQEHYLVXDOL]HGE\WRXFKLQD
cost-effective way (Dataquest, 2015).
6LPLODUO\ WKH 2SHQ /DEZDUH LQLWLDWLYH RUJDQL]HG E\
TReND (Teaching and Research in Natural Sciences for
Development in Africa), the Open Neuroscience initiative
and the Baden Lab, is promoting the collaboration and
FRQVWUXFWLRQ RI ORZFRVW RSHQ VFLHQWLƄF HTXLSPHQW
for developing countries for educational and research
purposes. The initiative includes designs and tutorials
WR ' SULQWLQJ WRROV VXFK DV RSWLFDO ƅXRUHVFHQFH
microscopes with optogenetics and temperature
FRQWURODPRWRUL]HGPLFURPDQLSXODWRUWRKDQGOHYHU\
small biological samples (around 10 microns), and
3D printed micropipettes (Open Labware, 2018).
The consortium´s article explaining the methods and
uses of open hardware in lab equipment published
in Plos Biology, has been downloaded more than
}WLPHV %DGHQHWDO 
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III. TRANSFORMATIVE AND DISRUPTIVE POTENTIAL
OF RAPID TECHNOLOGICAL CHANGE
Rapid technological change will have transformative
and disruptive effects that both advance and frustrate
sustainable development. While the application of new
and emerging technologies represents an opportunity
to address the Sustainable Development Goals,
they also pose new challenges for policymakers and
society, as they can disrupt economic development,
exacerbate social divides, and raise ethical questions.

A.

AUTOMATION, LABOUR MARKETS AND
JOBS OF THE FUTURE

$XWRPDWLRQ IURP WKH FRQYHUJHQFH RI DUWLƄFLDO
intelligence, machine learning and big data could have
DQLPSDFWRQHPSOR\PHQWSURGXFWLYLW\JOREDOL]DWLRQ
and competition in unclear and potentially negative
ways. While frontier technologies can be expected to
create new jobs and markets, it also has the potential
to disrupt existing labour markets and productive
sectors. Ultimately, the impacts of automation will
vary according to a range of factors, including
OHYHOV RI LQGXVWULDOL]DWLRQ DQG GHYHORSPHQW VNLOOV
and capacities (for a set of policies on skills in the
European Union, see %R[} ), labour costs, export
and production structures, technological capacities,
infrastructure, demography, and policies encouraging
or discouraging automation.12
Box 4. Skills Agenda for Europe
The countries of the European Union are advanced
both in promoting rapid technological change and
mitigating its potential negative effects. One example
is the Skills Agenda for Europe, which aims to improve
the quality of training and the availability of lifelong
learning and “re-tooling” programmes; to make
TXDOLƄFDWLRQV PRUH FRPSDUDEOH DQG KHQFH PRUH
portable; and to promote skills intelligence by providing
students and adults with relevant information about
labour market conditions and trends so they can make
EHWWHUHGXFDWLRQDQGTXDOLƄFDWLRQFKRLFHV2QWKHRQH
hand, the Skills Agenda enables rapid technological
change by helping to develop a labour force with the
required skills. On the other hand, it contributes to
ULVN PLWLJDWLRQ E\ KHOSLQJ SHRSOH WR DFTXLUH ƅH[LEOH
portable skills and to adapt to changing labour market
requirements induced by rapid technological change.
Source: Contribution from the Economic Commission for
Europe, 2018.

12

For a more detailed discussion, see UNCTAD, 2018a, chapWHU}VHFWLRQ(SSt

The Technology and Innovation Report 2018
(UNCTAD, 2018a) reviews some of the recent
estimations on the impact of automation on
jobs. The results vary widely, depending on the
assumptions made and the methodologies. Most
of the studies only estimate job losses and do not
consider job creation effects. For example, the
World Bank estimates, that two thirds of all jobs
could be susceptible to automation in developing
countries in the coming decades. Estimates for
the United States and Europe range between 50
DQG}SHUFHQWRIMREV)XUWKHUGLJLWDODXWRPDWLRQ
may affect women and men differently. At the same
time, it is worthwhile noting that machines and
digital technologies are not perfect or even good
substitutes for many tasks, at least not for the
moment. Further, even if technologically feasible
and economically reasonable, full automation
of jobs takes time, even in developed countries
(World Bank, 2016).
A recent study by the International Monetary Fund
(Das and Hilgenstock, 2018) finds that although
jobs in developing economies tend to be less
exposed to automation, developed and developing
countries have started to converge in this regard
in the last decades. Consequently, automation
can have important impacts on the economies of
developing countries in the future, even if impacts
may differ across countries.
According to the global management consulting
firm McKinsey (McKinsey Global Institute, 2017),
within affluent countries, a variety of cognitive tasks
are susceptible to displacement. But very few jobs
} SHU FHQW RU OHVV  DUH OLNHO\ WR EH FRPSOHWHO\
displaced. Many jobs are likely to be transformed,
ZLWKXSWR}SHUFHQWEHLQJGHOHJDWHGWRFRPSXWHU
EDVHG V\VWHPV 7KH RWKHU } SHU FHQW LV OLNHO\ WR
be done in collaboration with computer-based
systems. Complementarity is more likely than
displacement. Based on this analysis, there may
be more hollowing out of the income distribution,
but work is not likely to disappear. Those working
in the affected occupations in countries with lower
gross domestic product (GDP) per capita are less
likely to be affected by these changes. The reason
is that the installation of artificial intelligence and
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robotic systems only makes sense where labour
costs are high. Where labour costs are low, firms
are likely to continue to choose labour-intensive
production processes. As long as the quality and
final cost of the product compete well with robotbased systems, labour-intensive processes are
likely to continue.
UNCTAD (2017e) estimates that the use of
industrial robots globally remains quite small and
amounts to less than 2 million units. Robots are
concentrated in the automotive, electrical and
electronics industries, and in a small number of
countries, such as Germany, Japan, the United
States, China and the Republic of Korea. Routine
tasks in manufacturing and service jobs are being
replaced, but low-wage manufacturing jobs in
areas such as clothing factories are left largely
unaffected by automation.
New technologies have been substituting workers
only in specific tasks, but they have not replaced
entire occupations. Rather than eliminating
occupations, technology changes how jobs are
performed, and the number of humans needed
to carry them out. According to a recent study by
Bessen (2016), only one out of the 260 occupations
listed in the 1950 United States Census had been
eliminated by 2010 due to automation, i.e. the
elevator operator.
While digital platforms may create opportunities
for smaller businesses and entrepreneurs in
GHYHORSLQJ FRXQWULHV GLJLWDOL]DWLRQ PD\ DOVR
present certain development challenges. Platformbased economies tend to have winner-takesall dynamics, where network effects benefit
first movers and standard setters. Despite the
new opportunities for trade and development,
these platform dynamics could lead to widening
LQFRPH LQHTXDOLWLHV DQG LQFUHDVHG SRODUL]DWLRQ
The evolving digital economy has also been
accompanied by online labour platforms that
provide new income-generating activities for people
in developing countries with the requisite skills and
digital connectivity. However, an oversupply of job
seekers on online labour platforms could lead to
diminished bargaining power, resulting in a race
to the bottom with respect to wages and working
conditions. Further research and policy dialogue
will be critical in ensuring that the expanding
digital economy provides quality and decent jobs,
particularly in developing countries (UNCTAD,
2017a) (see %R[}).

Box 5. A legal framework for workers of the
platform economy
The digital economy creates new job opportunities and
contributes to the outsourcing of different business
processes through online platforms or applications.
Graham and Woodcock (2018) note however, that
some of these practices can be harmful to digital
workers (i.e. commercial content moderation) and
may undermine standard employment relationships,
and workers can lose their bargaining power due
to strong global competition. Lacking the power to
collectively bargain, platform workers have little ability
to negotiate wages and working conditions with their
employers. The Fairwork Foundation of the Oxford
Internet Institute seeks to contribute to the welfare
and job quality of digital workers. It highlights best
and worst practices in the platform economy. Through
consultation with several stakeholders, including
Governments, platform operators, unions and workers,
WKH )RXQGDWLRQ KDV FROODERUDWLYHO\ GHYHORSHG ƄYH
SULQFLSOHVtRQSD\FRQGLWLRQVFRQWUDFWVJRYHUQDQFH
DQGUHSUHVHQWDWLRQtWRHVWDEOLVKDFHUWLƄFDWLRQV\VWHP
for fair work on online platforms.
Sources: Contribution from the Government of Germany,
2018; Fairwork, 2018; Graham and Woodcock, 2018.

B.

SOCIOECONOMIC DIVIDES

Rapid technological change has the potential to
perpetuate existing divides within and between
countries, as well as between women and men,
rural and urban populations, and rich and poor
communities (UNCTAD, 2018a). As recent data show,
the share of Internet users in the total population of
developed countries is more than four times as high
as in the least developed countries. This digital divide
may exacerbate the economic divergence between
countries at the frontier of rapid technological change
and the least developed countries. Even if frontier
technologies provide leapfrogging opportunities,
countries below the technological frontier may leapfrog
primarily through the adoption of technologies rather
than through the development of new technologies. In
this regard, successful as it has been in many respects,
$IULFDpV PRELOH UHYROXWLRQ DOVR GHPRQVWUDWHV WKH
limitations of leapfrogging by adopting technologies
at the consumption rather than the production side.
'HVSLWH VSLOORYHU HIIHFWV DQG VLJQLƄFDQW SRWHQWLDO
ZHOIDUHEHQHƄWVWKHHFRQRPLFLPSDFWRILQIRUPDWLRQ
and communication technologies (ICTs) in subSaharan Africa in recent years appears smaller than
in other regions (World Economic Forum, 2016).
7KLVSDUWO\UHƅHFWVWKHOLPLWDWLRQVRILQQRYDWLRQSROLF\
in Africa to co-evolve with the development of ICT,
which has resulted in missing opportunities to build
on the mobile revolution to foster innovation and
development (Juma and Lee, 2005). The adoption of
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consumer ICT technologies, for example, cannot bring
least developed economies close to the technological
frontier without appropriate technological capabilities
in other sectors and an enabling innovation system.
The increasing rate of technological change may
widen existing gender digital and science, technology,
engineering, and mathematics (STEM) divides.
Because women constitute low numbers in STEM job
families, they may not be able to take advantage of
the increased demand for workers with skills in frontier
technologies. Additionally, automation can affect
women and men differently, where women have been
historically underrepresented in STEM job families that
PD\ EHQHƄW IURP WKH UHFHQW WHFKQRORJLFDO FKDQJH
LQYROYLQJDXWRPDWLRQ:RPHQDUH}SHUFHQWOHVVOLNHO\
WKDQPHQWRPDNHXVHRIWKH,QWHUQHWDQG}SHUFHQW
less likely to do so in the least developed countries,
widening the existing gender digital divide, which
SHUVLVWVLQZRPHQpVDFFHVVWR,&7VDQGRSSRUWXQLWLHV
to shape new and emerging technologies.
Recent work at CSTD brought attention to the concern
that the lack of gender equality in science, technology
and innovation leads to lost talent and potential
and undermines the contribution of STI to the 2030
Agenda (UNCTAD, 2019a, 2019b). While some new
and emerging technologies such as mobile money,
microcredits and human papilloma virus vaccines have
advanced gender equality, the lack of diversity among
researchers and developers can lead to gender biases
DQGXQDGGUHVVHGQHHGVWKDWDUHVSHFLƄFWRZRPHQ
often because of oversight. Differences between men
and women may not be considered when testing safety
features or drugs. This also means that technology
developers might build their unconscious biases into
technologies they develop. Recruitment tools using
algorithms, for example, can operate based on the
unconscious biases of developers.

C.

ETHICAL ISSUES AND CONSIDERATIONS

While frontier technologies offer unprecedented
opportunities to transform the practice, implementation
and monitoring of sustainable development, they also
pose considerable ethical and bioethical concerns
regarding the environment, privacy, security, data
ownership and use, and safety. For example, smart
energy-meter technologies can use sophisticated
statistical algorithms to determine sensitive household
information like which appliances or devices a
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household might have and when it is operating. Data
collected from health trackers and wearables and
electronic health records that are disclosed to third
parties could potentially impact insurance policies or
even future employment prospects.
Biased big data may produce unintended and
sometimes discriminatory results. There is concern
that biased data could scale discrimination in areas
OLNHSUHGLFWLYHSROLFLQJDFFHVVWRƄQDQFLDOVHUYLFHVDQG
job recruiting. There is a lack of transparency about
how machine-learning algorithms are devised and
deployed. The increasing use of deep learning systems
that produce predictions lacking interpretability and
explanation pose great concern for application areas
involving human health, public service delivery and
consumer advertising.
%H\RQG GLJLWDO DQG DUWLƄFLDO LQWHOOLJHQFHUHODWHG
technologies, synthetic biology and CRISPR/Cas9based genome editing raise various safety and
ethical issues, including the unintended effects of
the technology (e.g. permanent DNA breaks at other,
unintended sites in a genome), regulatory challenges
LQYROYLQJ ODEHOOLQJ RI PRGLƄHG FURSV LH GLIƄFXOW\
LQ LGHQWLI\LQJ D PRGLƄHG RUJDQLVP RQFH UHOHDVHG 
and intellectual property rights and their unclear
implications for smallholder farmers. Policymakers
need to consider the potential of these technologies to
address major challenges in agriculture and medicine,
as well as the risks involved. Some experts note that
recent developments in synthetic biology and the
increasing pace of development create knowledge
gaps and pose challenges for some countries to carry
out risk assessments and understand the possible
impacts on biodiversity and human health. Many
GHYHORSLQJFRXQWULHVtDVZHOODVLQGLJHQRXVSHRSOH
DQGORFDOFRPPXQLWLHVtUHTXLUHFDSDFLW\GHYHORSPHQW
to stay abreast of new developments in synthetic
biology (Convention on Biological Diversity, 2017).
There are critical questions about data ownership and
access regarding agriculture, particularly in developing
countries. Does data collected belong to the farmer,
Government, or third-party provider (private or nongovernmental)? How do the privacy policies of private
sector agricultural companies affect the livelihoods
of smallholder farmers? Addressing these economic,
social and ethical concerns requires appropriate
policies at the national and international levels to
PD[LPL]HEHQHƄWVDQGPLQLPL]HULVNV
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IV. RAPID TECHNOLOGICAL CHANGE AND
LEAVING NO ONE BEHIND
When individuals experiment with new ways of
PHHWLQJWKHLUQHHGVDQGZKHQFRPPXQLWLHVRUJDQL]H
themselves for larger and larger goals, they often
improve technologies in the process. Businesses,
however, survive and thrive on competitive advantage,
and this need is often met in the industrial era through
technological innovation. Innovations in the process
of producing goods and services lower costs and
increase productivity (Fagerberg et al., 2006). For
example, mass production has lowered the costs of
many products. Power tools allow more construction
in the same amount of time. Smart ride-hailing systems
PDWFKULGHUVDQGGULYHUVPRUHHIƄFLHQWO\,QQRYDWLRQV
in products themselves sometimes maintain or
increase market share and sometimes create whole
new markets, as when the xerox machine replaced
carbon paper copying or where mobile phones
displace landlines.

A.

This ongoing process of technological innovation takes
SODFHLQDFRQWH[WRILQHTXDOLWLHVDPRQJSHRSOHƄUPV
regions and nations. In practice, it often reinforces or
ZLGHQVWKRVHJDSV &R]]HQV )RUH[DPSOHƄUPV
WHQGWRRULHQWQHZSURGXFWVƄUVWWRDIƅXHQWFRQVXPHUV
3DYLWW /DUJHUƄUPVƄQGLWHDVLHUWRPDLQWDLQWKH
technical capability that allows them take advantage
of advances in both process and product innovations
/D]RQLFN 5LFKHUFRXQWULHVLQYHVWPRUHLQWKH
creative environment that produces those advances
(Nelson, 1993). Regions that attract innovators reap
WKHEHQHƄWVRIWKRVHFRPPHUFLDOHIIRUWV &RRNHHWDO
1997). The more radical the innovation, the more likely
it is that it will bring wealth to those who bring it to
market, since they will have a temporary monopoly
on its capabilities (Schumpeter, 1950). Technologybased wealth thus tends to pile up through a process
RIFXPXODWLYHDGYDQWDJHEHQHƄWLQJVRPHSHRSOHDQG
places and not others.

Emerging technologies also have the potential to
contribute to inequalities. Many economists see the
main dynamic in high-income countries as skill-biased
WHFKQRORJLFDO FKDQJH 6%7&  $V ƄUPV LQWURGXFH QHZ
technologies into their production processes, demand
rises for higher skills in the workforce. A wage premium
develops for higher-skilled workers, and a gap opens
between the earnings of lower-skilled and higher-skilled
workers. Skill-biased technological change is most visible
in the gap in earnings between college and high-school
graduates in the United States and their equivalents
in other countries. This gap has been increasing and
accounts for about two thirds of the increase in income
inequality in the United States over the period since 1980
(Autor, 2014). Furthermore, empirical and theoretical
studies have also demonstrated SBTC as contributing
to wage inequality in developing countries (Goel 2017;
Torres et al., 2017; Pi and Zhang, 2018).

However, new technologies also produce new
opportunities. For example, the computational
revolution in Israel, Taiwan Province of China and
Ireland established new niches in global production
FKDLQV %UH]QLW]   0RELOH SKRQHV DQG WKH
Internet have made information available to people
and places in ways that have improved health and
ƄQDQFLDO VHFXULW\ $VRQJX DQG 1ZDFKXNZX 
Burns, 2018).

Technological change may have different impacts on
different age groups, as well as men and women. For
example, older workers displaced by technological
change will not qualify for jobs requiring skills they never
acquired. Weak educational systems may not prepare
young people for emerging employment opportunities,
and disadvantaged social groups, including women
in many countries, often have fewer opportunities for
IRUPDOHGXFDWLRQ &R]]HQV 

IMPACT OF RAPID TECHNOLOGICAL
CHANGE ON GAPS WITHIN COUNTRIES

7KHSURFHVVRIJOREDOL]DWLRQKDVWKHSRWHQWLDOHLWKHUWR
increase or decrease inequalities within countries. The
ODWHVW ZDYH RI JOREDOL]DWLRQ KDV EHHQ FKDUDFWHUL]HG E\
the mutual exchange of manufactured goods between
advanced and emerging economies, compared with the
unequal exchange of raw materials for manufactured
goods of earlier periods (Ghose, 2003). Establishing
manufacturing capabilities often involves adopting
SURGXFWLRQ WHFKQRORJLHV WKDW DUH QHZ WR WKH ƄUP DQG
VRPHWLPHVQHZWRWKHFRXQWU\ %LQ]DQG$QDGRQ
Kuo et al., 2018). The growth of mid-wage manufacturing
employment in emerging economies has allowed them
to grow a new middle class, an inequality-reducing
SKHQRPHQRQDV/DNQHUDQG0LODQRYLFpVHOHSKDQWJUDSK
(Figure 1) shows (Lakner and Milanovic, 2015).

IV. Rapid technological change and leaving no one behind

13

Figure 1. Global income growth, 1988–2008

Cumulative growth rate (%) of real PPP income

80

70

Blooming global
elite

Rising incomes in
emerging economies,
mainly China

60

50

40

30

20

Decline of developedworld middle class

Poorest locked
out of growth

10

0
0

10

Poorest

20

30

40

50

60

70

Percentile of global income distribution

80

90

100

Richest

Source: Lakner and Milanovic, 2015.

High-technology development strategies may
increase inequalities, and the dynamic is more
H[DJJHUDWHG LQ ORZHULQFRPH FRXQWULHV &R]]HQV
  1HZ WHFKQRORJ\EDVHG ƄUPV JHQHUDWH KLJK
skill, high-wage jobs, but relatively few of them. As the
high-wage workers spend their earnings in the local
economy, lower-wage services jobs are generated. In
countries with generally high education levels, many
people have the right levels of skills for the jobs,
and compensation goes up gradually. However, in
countries with generally low education levels, where
only a few people have the right skills, the people who
get these jobs may also receive hyperwages, raising
the top end of the income distribution dramatically.
The more global the industry, the more likely this is
to occur. When combined with high unemployment
levels that keep service wages down, the spending by
the high-end individuals will not bring much prosperity
to the poorest.

expertise accelerates the process, as for example in
Bangalore, India (Pal and Ghosh, 2007).

&RXQWULHV EHQHƄWLQJ IURP JOREDOL]DWLRQ WKURXJK QHZ
manufacturing or service employment are likely to
experience growing inequality between urban and rural
areas and between core and peripheral regions. China
illustrates this pattern. Its level of inequality is about
the same as that of the United States. But differences
between regions explain much more of the inequality
in China rather than difference between individuals, as
in the United States (Milanovic, 2005). Technological
innovation is almost always and everywhere an urban
phenomenon, particularly where the local network of

Middle-income countries can use incremental
innovation to their advantage with the necessary
concentration of expertise and an active effort to
apply it to strategic industries. An active approach
is often the key to using incremental innovation for
competitiveness, whether through targeted research
and development, standards or public procurement.
The GSM industry in the Nordic countries, for
H[DPSOHZDVDLGHGVLJQLƄFDQWO\E\QDWLRQDOFKDPSLRQ
ƄUPVDQGSXEOLFSURFXUHPHQWSROLFLHV (GTXLVWHWDO
2015). Nokia, for example, become a global force in

B.

IMPACT OF RAPID TECHNOLOGICAL
CHANGE ON GAPS BETWEEN COUNTRIES

Technology-related inequalities between countries
develop both in industry and trade and in quality of
OLIHIRUFLWL]HQV7KHYHU\ZLGHGLIIHUHQFHVLQKRXVHKROG
income across the globe are shaped profoundly
by differences in national income levels (Milanovic,
2016). The higher educational levels achieved in
richer countries make better jobs available. Even
poor households in high-income countries may
have access to good transportation systems, quality
health care and housing that would be available only
DW PLGGOHLQFRPH OHYHOV LQ OHVV DIƅXHQW FRXQWULHV
Technological change in the global economy carries
both opportunities and threats for national economies.
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an industry that was already emerging elsewhere. In
OHVVDIƅXHQWHQYLURQPHQWVQDWLRQDOƄUPVRIWHQSUHIHU
LPSRUWLQJ WKH WHFKQRORJLHV WKH\ QHHG WR PRGHUQL]H
production, to increase productivity quickly and
remain competitive. Importing technology can be
D ƄUVW VWHS WRZDUGV WHFKQRORJLFDO OHDUQLQJ DQG
upgrading. However, the import of technologies
does not automatically lead to the building of local
skills because much of the knowledge embedded in
such technologies is tacit knowledge and is not easily
transferable (UNCTAD, 2014). Finding the resources to
LQYHVWLQVFLHQWLƄFDQGWHFKQLFDOH[SHUWLVHLVDGLIƄFXOW
task, and weak educational systems undermine the
effort to develop higher level achievements.
$QRWKHU RSSRUWXQLW\ WKDW JOREDOL]DWLRQ KDV FUHDWHG
comes from the growing middle classes in emerging
economies. Rising household incomes in emerging
HFRQRPLHV HJ &KLQD ,QGLD DQG %UD]LO  FUHDWH QHZ
markets for low-cost products that are designed for
the infrastructural conditions of those countries (for
example, uneven or limited electricity) (Kaplinsky et al.,
2009; Kaplinsky, 2011). Firms located in conditions like
these are more likely to capture these markets than
those that design for the infrastructural conditions of
DIƅXHQWFRXQWULHV6LQFHWKHUHDUHPRUHSHRSOHOLYLQJLQ
QRQDIƅXHQW WKDQ DIƅXHQW FRXQWULHV VSUHDGLQJ WKHVH
products beyond the national market can produce a
QHZFRPSHWLWLYHEDVH:KLOHWKHVHƄUPVDUHLQQRYDWLQJ
IRUWKHFODVVLFDOUHDVRQVWKH\DUHSURGXFLQJEHQHƄWV
for a set of people who might not necessarily be the
WDUJHWV RI KLJKWHFKQRORJ\ ƄUPV LQ WKH JOREDO 1RUWK
This kind of innovation has the potential to change
the distributional dynamics of the global economy by
shifting both market and production power outwards
from the core.
Disruptive technological change brings both
opportunities and threats. The information technology
revolution, starting in the 1970s, called for rapid
expansion of new manufacturing capacity. The “Asian
tigers” moved into this opportunity space and occupied
the new niche. Taiwan Province of China, for example,
became a major site for semiconductor manufacturing
%UH]QLW] 2QWKHRWKHUKDQGPDQ\IHDUWKDWWKH
fourth industrial revolution will eliminate many of the
new jobs created in low- and middle-income countries
in the past few decades as manufacturing and service
MREV DUH EURXJKW EDFN LQWR DIƅXHQW FRXQWULHV ZLWK
much smaller workforces requiring higher skill levels
(Dubhashi and Lappin, 2017; Makridakis, 2017).
Whether technological change improves the quality
RI OLIH IRU FLWL]HQV LQ D FRXQWU\ RIWHQ GHSHQGV RQ
regulatory environments, absorptive capacity and

prices. For example, antiretrovirals for the treatment
of HIV/AIDS remained out of reach for many years
in lower-income countries because of cost, at least
for people of modest income who depended on
public health services to provide them. But assertive
uses of patent law provisions and an international
humanitarian movement brought the prices down
(Butler, 2007). In another example, lack of facilities
DQGWUDLQHGSHRSOHNHSWVPDOOIDUPHUVLQ0R]DPELTXH
IURPEHQHƄWLQJIURPSODQWWLVVXHFXOWXUHXQWLOWKHSDVW
decade, although it had been widely adopted in other
countries. A modest international grant and training
outside the country resulted in the development of
technology research, development and diffusion
capacities (Brito et al., 2012). Likewise, competition
policies were instrumental in the availability of prepaid mobile phones, which enabled mobile phone
technology to reach low-income families and provided
D SDWKZD\ IRU VXFK ZLGHO\ EHQHƄFLDO LQQRYDWLRQV DV
mobile banking (Thakur et al., 2014) In short, policy
FDQ KHOS VSUHDG WKH EHQHƄWV RI QHZ WHFKQRORJLHV LI
they keep disadvantaged groups in view.

C.

POTENTIAL OF RAPID TECHNOLOGICAL
CHANGE TO “LEAVE NO ONE BEHIND”

The threats and opportunities of rapid technological
change are well illustrated in the emergence of the
fourth industrial revolution, the convergence of digitally
enabled technologies that may be ushering in a new
technoeconomic paradigm. Some of the links between
Industry 4.0 and inequalities are likely to be similar to
those experienced during earlier techno-economic
revolutions, and others are likely to be particular to this
convergence. The dynamics described in this chapter
draw attention to both.
First, emerging technological regimes tend to appear
threatening at the beginning (Weart, 2012). This is
particularly true during the period when technological
visionaries are painting the future in the starkest
terms. Many of the most drastic changes never come
about or have been tamed in their consequences by
the time they do, and other profound transformations
DIIHFW DVSHFWV RI VRFLRHFRQRPLF RUJDQL]DWLRQ WKDW
ZHUH QRW DQWLFLSDWHG LQ WKH ƄUVW VWDJH .ULHFKEDXP
et al., 2018).
Second, based on the experience of past emerging
technologies, Industry 4.0 will expand, evolve and
spread in unexpected ways as the innovations
GLIIXVH 1HZ HQWUHSUHQHXUV ZLOO ƄQG QHZ XVHV LQ
either product or process form, to reach a variety of
goals (Bortagaray et al., 2014). The more disruptive
the pathway the technoeconomic paradigm follows,

IV. Rapid technological change and leaving no one behind

the more unpredictable the applications. Regarding
Industry 4.0, disruptive effects have already appeared
LQ VHYHUDO VHFWRUV LQFOXGLQJ UHWDLOLQJ HJ $PD]RQ 
and transportation (e.g. Uber). Furthermore, there is
little evidence that the hybrid jobs that have appeared,
dependent both on personal services and digital
connections, are being compensated highly (for
evidence among ride-hailing drivers, see Berger et al.,
2018 and Zwick, 2018).
Third, there are likely to be differential effects by gender.
6HYHUDO RFFXSDWLRQV LGHQWLƄHG DV OHVV YXOQHUDEOH WR
displacement by robotics are those in which women
predominate, such as day care and social work. It is
probably premature, however, to declare that men
will become the disadvantaged group of the future,
especially considering the gender divides created
by the underrepresentation of women in STEM job
families. Likewise, the informal economy is not a likely
SODFH IRU URERWLFV DQG DUWLƄFLDO LQWHOOLJHQFH WR DIIHFW
jobs; perhaps it will even grow if the expensive new
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technologies raise prices in the formal economy. In
terms of urban, rural and regional distributions, some
applications are rather place-based (such as robotic
systems in manufacturing), while others take place
in cyberspace (such as data-based marketing). The
ODWWHU PLJKW OHDG WR JURZLQJ VSDWLDO GHFHQWUDOL]DWLRQ
UDWKHUWKDQFHQWUDOL]DWLRQ
Finally, as in previous techno-economic revolutions,
new institutions will be needed to counter inequality
and restore social cohesion. Just as the physical
concentration of workers in the industrial revolution
IDFLOLWDWHG RUJDQL]LQJ DQG XQLRQL]DWLRQ VRFLDO
PHGLD PD\ PDNH RUJDQL]LQJ SRVVLEOH LQ GLVWULEXWHG
workforces (Glenn, 2015; Alang, 2016). Public social
safety nets may be implemented through universal
basic income schemes (Perkio, 2015; Reich, 2018).
Corporations transformed by activist investors may
make social responsibility a central function. As new
FHQWULSHWDO IRUFHV LQFUHDVH SRODUL]DWLRQ QHZ XQLI\LQJ
ones may well emerge.
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V. NATIONAL STRATEGIES AND POLICIES
The rapid reduction in the costs of some new
and emerging technologies could provide an
opportunity for developing countries to fast-track
structural transformation and stimulate sustainable
economic growth. Moreover, new and emerging
technologies could facilitate new pathways to
sustainable development that also consider its
social and environmental dimensions. However,
without appropriate STI policies, technologies
t QHZ RU ROG t DUH XQOLNHO\ WR GHOLYHU SURJUHVV RQ
the global development agenda. Such progress
requires an environment that nurtures learning and
innovation to build and manage effective innovation
systems. This chapter investigates national science,
technology and innovation policies that could
facilitate the harnessing of frontier technologies for
sustainable development.

A.

ADDRESSING THE EDUCATION–
EMPLOYMENT NEXUS OF RAPID
TECHNOLOGICAL CHANGE

As discussed in the previous chapter, the dynamics
of innovation tend to increase inequality globally,
E\ JLYLQJ DQ DGYDQWDJH WR ƄUPV FRXQWULHV DQG
regions that have innovation capabilities already.
The dominant, market-led pattern is not oriented
towards meeting the needs of the poor, achieving
gender equality or closing economic gaps within
RU EHWZHHQ FRXQWULHV t DOO FHQWUDO HOHPHQWV RI WKH
Sustainable Development Goals. Policies, however,
can create countercurrents in this pattern by
focusing on investments that spread capabilities
more broadly and stimulate innovation with and for
groups at the margins.
Strengthening national educational systems is a
common recommendation for effective response
to rapid technological change (Romer, 1990).
Knowledge production is treated as a key factor
of production in the new growth theory, the object
RI D UHFHQW 1REHO 3UL]H LQ HFRQRPLFV 7KDW WKHRU\
makes rising skill and educational levels central to
HFRQRPLF JURZWK DORQJ ZLWK VFLHQWLƄF UHVHDUFK
and technological innovation. These are clearly
long-term investments, which do not in and of
themselves change the structure of employment
opportunity. Galbraith provides a vivid image of
the possible disconnect (Galbraith, 1998). The

employment structure is like a building, he points
RXW ZLWK D FHUWDLQ QXPEHU RI ƅRRUV DQG RIƄFHV
VSHFLƄF HGXFDWLRQDO FUHGHQWLDOV DUH QHHGHG WR ULVH
IURP ƅRRU WR ƅRRU DQG RFFXS\ HDFK RIƄFH EXW WKH
structure is not shaped by the availability of skills.
:KHQWKRVHZKRDUHTXDOLƄHGWRRFFXS\WKHXSSHU
ƅRRUVDUHVFDUFHWKHLURFFXSDQWVDUHSDLGPRUHDQG
inequality increases. But raising overall educational
levels without changing the structure of the building
FDQ UHVXOW LQ PRUH DYDLODEOH WDOHQW IRU VRPH ƅRRUV
than they need, leading to bumping down, that is,
people taking jobs below their skill levels. Raising
educational levels in the overall population, then, is
always a good thing, but does not necessarily solve
employment challenges.
This observation is particularly true when the
number of jobs shifts suddenly, as can happen
when automation arrives (Brynjolfsson and McAfee,
2014). At such moments, displaced workers need
temporary income support and targeted retraining
(Centre for the New Economy and Society, 2018).
In addition, the economy must be dynamic enough
that new floors and offices are available for them to
occupy. In the long term, most economists expect
that as technological revolutions eliminate old jobs
innovation creates new industries and employment
(Autor, 2015). National innovation-supporting
strategies facilitate these. Individuals who are
prepared to step into these new opportunities will
move forward rather than being left behind.

B.

STRENGTHENING NATIONAL
INNOVATION SYSTEMS FOR RAPID
TECHNOLOGICAL CHANGE

7KH ƅH[LELOLW\ RI DQ RFFXSDWLRQDO VWUXFWXUH ZLWKLQ D
FRXQWU\LVVWURQJO\LQƅXHQFHGE\LWVQDWLRQDOLQQRYDWLRQ
system, that is, the interaction and alignment of a
variety of institutions, public and private, to support
the adoption and adaptation of new products and
SURFHVVHV LQ SULYDWH DQG SXEOLF RUJDQL]DWLRQV 7KH
challenge for developing countries to reap the
EHQHƄWVIURPH[LVWLQJQHZDQGIURQWLHUWHFKQRORJLHV
is to learn, adopt and disseminate knowledge and
technologies. To do this, countries need to boost
their efforts to strengthen the effectiveness of their
innovation systems, which tend to be weaker and
more prone to systematic failures and structural

V. National strategies and policies

GHƄFLHQFLHV &KDPLQDGH DQG 3DGLOOD3ÆUH]  
Firms are at the core of innovation systems, which
also encompass research and education systems,
government, civil society and consumers.

1. Building capabilities, connections and
an enabling environment
The key aspects that policymakers might want to
focus on are the capabilities of the various actors, the
connections among them that facilitate exchanges
and collaborations, and the enabling environment
for innovation that is created (UNCTAD, 2018a).
In developing countries with nascent innovation
systems, building endogenous innovation potential
involves developing a basic capacity to learn how
to adopt, assimilate, adapt and diffuse existing
knowledge and technologies. These capabilities
DUH UHTXLUHG WR EHQHƄW IURP WHFKQRORJ\ WUDQVIHUV
which should supplement efforts to build domestic
innovation potentials.
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•

5HFRJQL]HDQGUHZDUGXSJUDGLQJLQZDWHUV\VWHP
practices to international levels.

•

Make sure that contracts include transfer of
know-how and skill to local actors in cases
ZKHUHSULYDWHƄUPVIURPRXWVLGHWKHFRXQWU\DUH
selected to provide water and sanitation services.

Furthermore, an effective innovation system requires
attention to key elements of an enabling environment.
STI policymakers could consider addressing the
following issues:
•

'HYHORSLQJ LQIUDVWUXFWXUH ZLWK D VSHFLƄF
emphasis on providing access to electricity and
connectivity; ensuring affordable access to ICTs;
and overcoming gender, generational and digital
divides.

•

Ensuring a regulatory and policy framework that
provides a stable and predictable environment to
IDFLOLWDWH ORQJWHUP SODQQLQJ E\ ƄUPV DQG RWKHU
innovation actors.

The connections among actors are equally essential
for the facilitation of learning, technology adoption
and the development of new technologies. This
requires networking and collaboration capabilities
among all actors. In countries with an underdeveloped
knowledge base, government and non-government
actors can step in to develop capacities and domestic
OLQNV DQG IDFLOLWDWH UHODWLRQV ZLWK IRUHLJQ ƄUPV DQG
research centres. National Governments can
encourage the development of such linkages. Very
few countries try to develop such systems generically,
covering all disciplines and technological areas. Most
work on developing the connections takes place within
sectors that are chosen strategically, either because of
WKHLU FRQQHFWLRQ WR SXEOLF JRDOV OLNH WKRVH UHƅHFWHG
in the Sustainable Development Goals, or in business
sectors where the country has strengths. These
actions form sectoral innovation systems (Malerba,
2004).

•

Creating an institutional setting and governance
VWUXFWXUH WKDW LQFHQWLYL]HV DFWRUV WR LQYHVW LQ
productive activities and support other relevant
LQVWLWXWLRQVQRQJRYHUQPHQWDORUJDQL]DWLRQVDQG
grass-roots movements that promote new forms
of innovation.

•

Supporting an entrepreneurial ecosystem that
SURYLGHV ƅH[LEOH DFFHVV WR ƄQDQFH WKURXJK
DSSURSULDWH DQG UHDGLO\ DFFHVVLEOH ƄQDQFLDO
LQVWUXPHQWV RUJDQL]DWLRQDO FDSDELOLWLHV DQG
managerial competencies.

•

Developing human capital, both technical and
soft skills, through an inclusive and strong
technical and vocational education system.

•

Financing R&D, technology and innovation,
as well as providing the appropriate levels of
intellectual property protection.

For example, in the water and sanitation sector
*RDO}   ZKHUH PRVW KRXVHKROGV ZRUOGZLGH UHFHLYH
their water from public utilities, to form a water sector
innovation system, national Governments could
consider taking the following actions:

The examples below show that several CSTD member
States have initiatives addressing these issues. Chile
and Peru, for example, have both launched ambitious
SURMHFWVWRGHYHORSƄEUHRSWLFQHWZRUNVFRYHULQJWKH
whole of the country (see %R[} ). Egypt has taken
several steps to provide a strong legislative environment
to keep pace with rapid technological change (see
%R[} ). Latvia is supporting demand for sustainable
technologies through green public procurement (see
%R[} ), while South Africa has several initiatives to
support technological innovation in small, medium
and micro enterprises (see %R[}).

•

Support training programmes that supply local
water systems with appropriate experts.

•

Link personnel in public systems to professional
associations outside the country, to draw on
international best standards and raise awareness
of technological options.
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Box 6. Chile and Peru: Public–private
partnerships to develop digital infrastructure

%R[}/DWYLD*UHHQSXEOLFSURFXUHPHQWWR
support sustainable technologies

,Q  &KLOH ODXQFKHG D ODUJH RSWLFDO ƄEUH SURMHFW
FDOOHG)LEUD°SWLFD$XVWUDOZKLFKZLOOEULQJƄEUHRSWLF
Internet all across Chile, from the northern town of
Puerto Montt to Puerto Williams in the south. The
SURMHFW LV EHLQJ LPSOHPHQWHG LQ D SXEOLFtSULYDWH
partnership from 2017 to 2020 and includes three
land-based and one submarine section.
The connectivity policy promoted by the Government
of Peru aims to reduce the Internet connectivity gap
H[SHULHQFHG E\ ODUJH JURXSV RI FLWL]HQV LQ WKH FRXQWU\
The National Fibre Optic Network project consists of the
GHVLJQGHSOR\PHQWDQGRSHUDWLRQRIDƄEUHRSWLFQHWZRUN
WKURXJK SXEOLFtSULYDWH SDUWQHUVKLSV ,W ZLOO GHYHORS D
network of more than 13,000 kilometres connecting Lima
ZLWKUHJLRQDOFDSLWDOVDQG}SURYLQFLDOFDSLWDOV

Green public procurement promotes the use of
environmentally friendly, innovative and sustainable
technologies in the manufacturing of goods. In
Latvia, green public procurement is encouraged
by a regulatory framework, namely the Public
Procurement Law and, in particular, the Regulation
on Requirements for Green Public Procurement and
Procedures for Application of the Cabinet of Ministers
that establishes requirements and criteria for certain
groups of products and services, based on innovative
and environmentally friendly technological solutions
and approaches. The application of these principles
is aimed at all societal groups. The greatest challenge
for the introduction of green procurement principles
in public procurement lies in the concerns raised by
procurement agents about the increased complexity
and expenses. However, in this context it is essential
to evaluate the product life-cycle costs in their entirety.

Sources: Contributions from the Governments of Chile and Peru,
2018; Subsecretaría de Telecomunicaciones de Chile, 2018.

Source: Contribution from the Government of Latvia, 2018.

Box 7. Poland and Egypt: Providing a strong
institutional and legislative environment to keep
pace with the needs of the information and
communications technology sector
Rolling out high-speed communications networks
and network services has important investment
costs. A major part of these costs can be attributed
WR LQHIƄFLHQFLHV UHODWHG WR WKH XVH RI H[LVWLQJ
infrastructure, bottlenecks related to the coordination
of civil works, burdensome administrative permitgranting procedures and bottlenecks concerning
in-building deployment of networks, which lead to
KLJK ƄQDQFLDO EDUULHUV LQ SDUWLFXODU LQ UXUDO DUHDV
Poland has launched a single information point on
telecommunications to help entrepreneurs obtain
quick access to information about existing networks
of technical infrastructure and plans related to
infrastructure. The authorities hope that quicker and
HDVLHU DFFHVV WR VXFK LQIRUPDWLRQ FDQ RSWLPL]H WKH
decision-making process regarding investments in the
,&7VHFWRUUDWLRQDOL]HWKHXVHRIH[LVWLQJLQIUDVWUXFWXUH
facilitate inter-operator cooperation and create social,
HFRORJLFDO DQG HFRQRPLF EHQHƄWV DV D UHVXOW RI
reducing the number of separate investments.
The Ministry of Communications and Information
Technology of Egypt is looking beyond the uses of
ICT-based networks to the institutional, regulatory,
ƄQDQFLDO SROLWLFDO DQG FXOWXUDO FRQGLWLRQV WKDW IUDPH
them. Therefore, attention has been paid to providing
a strong legislative environment to keep pace with the
QHHGV RI WKH ,&7 VHFWRU 3URSRVDOV ZHUH ƄQDOL]HG WR
amend several telecommunications laws, e-signature
DQG SXEOLFtSULYDWH SDUWQHUVKLSV LQ LQIUDVWUXFWXUH
projects. The country is also concluding proposals for
the freedom of information law. The e-commerce law
is one of the key initiatives that the country worked
on, in cooperation with UNCTAD. The e-commerce
strategy contributes to increasing internal trade in
(J\SW HQKDQFLQJ WKH FRXQWU\pV H[SRUWV DQG FUHDWLQJ
jobs for youth, while promoting their creativity and
entrepreneurship skills.
Sources: Contributions from the Governments of Egypt (2018)
and Poland (2019).

Box 9. South Africa: Supporting technological
innovation in the entrepreneurial ecosystem
South Africa is making investments in a range of
programmes that strengthen and leverage science,
technology and innovation as a key enabler of
economic development. This includes programmes to
VXSSRUWVPDOODQGPHGLXPVL]HGHQWHUSULVHVLPSURYH
the competitiveness of existing industrial sectors,
HQKDQFHORFDOL]DWLRQRSSRUWXQLWLHVDQGKHOSWREXLOGWKH
industries of the future. To illustrate this, investments
in technology stations support more than 3,000 small,
medium and micro enterprises by providing access
to world-class infrastructure and expertise that would
otherwise not be available to stakeholders to enable
them to engage in technology innovation.
7KH FRXQWU\ DOVR KDV VHFWRUVSHFLƄF LQLWLDWLYHV VXFK
DVWKH%LRUHƄQHU\,QGXVWU\'HYHORSPHQW)DFLOLW\ZKLFK
IRFXVHVRQWKHGHYHORSPHQWDQGWHVWLQJRIELRUHƄQHU\
technologies, or the Mandela Mining Precinct, which
aims to support local innovation in the South African
mining industry.
7RVXSSRUWLQQRYDWRUVLQREWDLQLQJDFFHVVWRƄQDQFH
the Technology Innovation Agency is managing various
IXQGLQJ LQVWUXPHQWV WR GHYHORS DQG FRPPHUFLDOL]H
promising technologies. These include the Seed Fund,
7HFKQRORJ\ 'HYHORSPHQW )XQG &RPPHUFLDOL]DWLRQ
Support Fund and Youth Technology Innovation, a
special fund targeted at youth innovators.
Source: Contribution from the Government of South Africa,
2018.

To be effective, STI policies need to be internally
consistent and aligned with national priorities and
development plans. The former can be promoted
through the design and deployment of strategies
and policy instruments at the most appropriate level,
while the latter requires a whole-of-government
perspective, facilitating cooperation across ministries
DQG RWKHU SXEOLF ERGLHV LQ GLIIHUHQW ƄHOGV RI SROLF\
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Coherence is needed between STI policies and policy
areas such as industrial policies, trade, foreign direct
investment (knowledge and technology are often
being transferred through trade and foreign direct
investment), education and competition.

2. Promoting sustainable innovation
policies
Countries seeking to orient STI policies towards
sustainable development need to integrate societal
challenges into their cores (UNCTAD, 2018a). Stark
DQGJURZLQJGLIIHUHQFHVEHWZHHQLQGXVWULDOL]HGXUEDQ
areas and agricultural regions, with steep gaps in
income, health and education, have led some national
Governments to work to reduce regional inequalities
through their investment in science, technology,
DQG LQQRYDWLRQ 'MHƅDW DQG &XPPLQJV  
Colombia has set the conditions for more regional
development of innovation capabilities with its general
system of royalties (OECD, 2014). Regional and local
governments are trying to use the power of interaction
through innovation systems to grow their place-based
economic opportunities. Local systems of innovation
and production can contribute to regional prosperity
(Matos et al., 2016).
Gender-inclusive innovation policies may be directed at
ZRPHQpVSDUWLFLSDWLRQDVLQQRYDWRUVRUHQWUHSUHQHXUV
women as decision-makers in technological systems
RU WKH LPSDFW RI QHZ WHFKQRORJLHV LQ ZRPHQpV OLYHV
)RU WKH ƄUVW JRDO SROLFLHV DQG SUDFWLFHV QHHG WR EH
consciously designed to make women feel welcome
in technological spaces. JimÆQH]IRXQGIRUH[DPSOH
in innovation hubs in the United Kingdom of Great
Britain and Northern Ireland and Zambia, that women
experienced gender discrimination intersecting with
RWKHU LGHQWLWLHV -LPÆQH]   6KH UHFRPPHQGV
that such spaces be designed deliberately to avoid
hierarchy and foster equal relationships. Technical and
vocational training may be a means of empowering
women to play roles in new technological sectors
(Hemson and Peek, 2017). Involving women in how
new technologies are implemented affects their
HYHQWXDO LPSDFW DV SRVLWLYH RU QHJDWLYH LQ ZRPHQpV
lives (Hansda, 2017).
Youth-oriented policies can also be helpful in making
technological change inclusive. Some countries have
developed special school programmes to increase
interest in new technologies, particularly focused on
entrepreneurship (du Toit and Gaotlhobogwek 2018;
Wensing et al., 2018). Some initiatives are focused
on unleashing creativity (Muraveva et al., 2017), while
museums are often used as venues for inspiring youth
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to pursue technology careers and exposing them to
role models (Marx, 2017). Special efforts must be
made to reach young people who are neither in school
nor working (Ospina, 2018).
Innovation in informal settings is also drawing attention
DV D VRXUFH RI OLYHOLKRRGV *RDO   &R]]HQV DQG
6XW]  .UDHPHU0EXOD DQG :XQVFK9LQFHQW
2016). Small, informal crafts-based businesses can
play a major role in adapting external innovations to
ORFDO FRQGLWLRQV DQG ƄOOLQJ WKH JDS ZKHQ SURGXFWLRQ
systems change (Muller, 2010). Indigenous medicine
carries knowledge informally that can be turned into
competitive advantage on international markets. In this
context, communities are working to capture some
RI WKDW EHQHƄW IRU WKHPVHOYHV 6HH IRU H[DPSOH WKH
HIIRUWVRIWKH*RYHUQPHQWRI$XVWUDOLDWRUHFRJQL]HDQG
protect the intellectual property rights of indigenous
communities.13 National policies can make room
for informal innovators, even though they are often
operating outside standard regulations, to protect
their new ideas from exploitation (Kraemer-Mbula and
Wunsch-Vincent, 2016). Universities can expand their
technical capabilities to these enterprises through
extension services (Mytelka and Farinelli, 2000).
Other policies may include regulations and standards
relating to the environment or health; economic and
ƄQDQFLDO LQVWUXPHQWV VXFK DV IHHGLQ WDULIIV RU WKH
removal of subsidies for unsustainable activities;
demand support through public procurement;
education
and
training
policies
supporting
inclusiveness and life-long learning or capacitybuilding and information sharing, both locally and
internationally (UNCTAD, 2018a). The United States,
for example, applies a light-touch approach to
emerging technologies (see %R[}).
Box 10. The approach of the United States to
emerging technologies
The policy approach of the United States to emerging
WHFKQRORJLHVKDVVHYHUDOVLGHV7KHƄUVWLVWRDVVHVV
the adequacy of existing regulations and policies
before establishing new ones, and avoid any ex ante
UHJXODWRU\ DSSURDFKHV WKDW FRXOG VWLƅH LQQRYDWLRQ
RU VWLJPDWL]H QHZ WHFKQRORJLHV 7KH VHFRQG LV
to encourage multi-stakeholder participation in
technology development and incorporate input from
non-governmental (e.g. private sector) stakeholders.
The third is to seek to bolster United States science
and technology research and development (R&D), in
part through international cooperation, and to remove
barriers to innovation, in large part by sharing initiatives,
best practices and norms. In addition, the country
13

See: https://www.ipaustralia.gov.au/about-us/public-consultaWLRQVLQGLJHQRXVNQRZOHGJHFRQVXOWDWLRQ $FFHVVHG}2FWRber 2019).
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VXSSRUWV SXEOLFtSULYDWH SDUWQHUVKLSV WKDW DFFHOHUDWH
technology transfer on voluntary and mutually agreed
WHUPVDQGFUHDWHYDOXHIRULWVFLWL]HQV
The country takes a holistic approach to innovation,
providing multiple forms of support. For example,
WKH 1DWLRQDO 6FLHQFH )RXQGDWLRQ VXSSRUWV ,QGXVWU\t
University Cooperative Research Centres that help
build long-term partnerships among industry, academia
and government. The country also supports small
businesses developing next-generation technologies
through the Small Business Innovation Research and
Small Business Technology Transfer programmes.
These programmes provide funding for early-stage
R&D across a variety of mission areas, from health to
DJULFXOWXUHWRHQHUJ\IXHOOLQJWKHFRPPHUFLDOL]DWLRQRI
federal investments in R&D.
The Government is exploring opportunities to apply
IURQWLHU WHFKQRORJLHV RQ VHYHUDO ƄHOGV RI SXEOLF
services. The Food and Drug Administration is
studying emerging technologies such as blockchain
as a data-exchange mechanism to immediately
access information on patients, supplies and crisis
response during a public health emergency. In
partnership with the private sector, the Department of
State is seeking blockchain solutions to worker rights
FKDOOHQJHV 7KH *HQHUDO 6HUYLFHV $GPLQLVWUDWLRQpV
*6$  (PHUJLQJ &LWL]HQ 7HFKQRORJ\ 2IƄFH ODXQFKHG
in 2016, is dedicated to working collaboratively
across government, industry and academia to help
programmes take advantage of emerging technology
innovations to improve public services today. Focal
WHFKQRORJLHV IRU *6$ LQFOXGH DUWLƄFLDO LQWHOOLJHQFH
robotics, blockchain, social media, and virtual and
augmented reality.
Source: Contribution from the Government of the United
States, 2018.

C.

DEVELOPING NATIONAL POLICIES AND
STRATEGIES ON RAPID TECHNOLOGICAL
CHANGE

&RXQWULHV PD\ DOVR FRQVLGHU GHYHORSLQJ VSHFLƄF
policies and strategies on various dimensions of rapid
technological change that advance their national
economic and development agendas. Although
countries differ in their approaches to national
policies, a few lessons can be learned from the
variety of policy experiences. First, some countries
are engaging in technology foresight and assessment
exercises to understand the possible implication of
frontier technologies on the Sustainable Development
*RDOV DQG WKHLU RZQ QDWLRQDOO\ GHƄQHG GHYHORSPHQW
agenda. Second, countries are often engaging in a
broad-based, participatory dialogue involving a range
of stakeholders to help set priorities for their sectors.
Governments are facilitating dialogue across sectors
LQ WKHLU UHVSHFWLYH HFRQRPLHV t LQFOXGLQJ DFDGHPLD
research institutions, private sector, government
and civil society. Third, some countries have made
normative concerns a key part of their strategies, with

a focus on easing potential labour market disruptions
due to automation, addressing data-related concerns
of privacy and security, investigating issues involving
algorithmic bias and discrimination, and promoting
diversity and inclusion in education, research and
industry.

1. National policies and strategies on
DUWLƄFLDOLQWHOOLJHQFH
There has been a proliferation of national AI strategies
DQGSROLFLHVDVPDQ\FRXQWULHVKDYHUHFRJQL]HGWKH
potential of AI as a driver for sustainable development
with application to all 17 Sustainable Development
Goals. Examples included the importance of AI for
smart manufacturing and Industry 4.0, employment
generation, sustainable energy, mobility and transport,
health, remote sensing and earth observation, the
blue economy, environmental sustainability and
ELRGLYHUVLW\ )RU H[DPSOH WKH DUWLƄFLDO LQWHOOLJHQFH
VWUDWHJ\ RI $XVWULD t $UWLƄFLDO ,QWHOOLJHQFH 0LVVLRQ
$XVWULD  t LQYROYHV WKH FUHDWLRQ RI D FURVV
sectoral, coherent and comprehensive strategy
ZLWK WKH DLP RI VWUHQJWKHQLQJ DUWLƄFLDO LQWHOOLJHQFH
research, industries and businesses in Austria
DFNQRZOHGJLQJ WKH FRXQWU\pV VSHFLƄF UHTXLUHPHQWV
and circumstances.14
The Government of Germany will take on the task of
providing a policy response to the rapid advances
LQ WKH ƄHOG RI DUWLƄFLDO LQWHOOLJHQFH $,  DQG ZLOO PDNH
comprehensive use of the innovations triggered by the
WHFKQRORJ\IRUWKHEHQHƄWRIVRFLHW\DWODUJH,WZLVKHV
WR VDIHJXDUG WKH FRXQWU\pV RXWVWDQGLQJ SRVLWLRQ DV
a research centre, build up the competitiveness of
German industry and promote the many ways to use
AI in all parts of society to achieve tangible progress in
WKHLQWHUHVWRILWVFLWL]HQV7KHIRFXVOLHVRQWKHEHQHƄWV
for people and the environment and an intensive
dialogue with all sections of society.15
In the Republic of Korea, the Ministry of Science and
,&7KDVVHWIRUWKWKHq$UWLƄFLDO,QWHOOLJHQFH,QIRUPDWLRQ
Industry Development Strategy”, which aims to
strengthen the foundation for AI growth (Lee and
Choi, 2016). In 2016, the Government also published
LWVq,QWHOOLJHQW,QIRUPDWLRQ6RFLHW\t)RXUWK,QGXVWULDO
5HYROXWLRQt0HGLXPWR/RQJWHUP&RPSUHKHQVLYH
Response Plan” (Ministry of Science and ICT,
2017). In 2017, China published a comprehensive
AI development policy with the overarching goal
to make the country “the front-runner and global
14
15

Contribution from the Government of Austria, 2019.
Contribution from the Government of Germany, 2019.
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innovation centre in AI” by 2030 (State Council of
China, 2017). 16
As %R[}  shows, Chile has used its comparative
advantage in astronomical observations to develop
endogenous capacities, including both human and
physical capital. Building on the existing capacities in
astronomy, the country is now exploring opportunities
WRGHYHORSFDSDFLWLHVIRUELJGDWDDQDO\VLVDQGDUWLƄFLDO
intelligence.
Box 11. Chile: Developing capacities in frontier
technologies based on existing capacities in
astronomy
Chile has launched several policy initiatives to take
advantage of rapid technological change. The aim
of these initiatives is to build endogenous capacities
to address national development priorities such as
climate change, an aging population and preparation
for the ongoing technological revolution. Accordingly,
the country is exploring opportunities to use its
privileged position in astronomy to develop capacities
LQ ELJ GDWD DQDO\VLV DQG DUWLƄFLDO LQWHOOLJHQFH 'XH WR
its unique atmospheric conditions, Chile is hosting
DURXQG } SHU FHQW RI WKH LQVWDOOHG FDSDFLW\ LQ
DVWURQRPLFDO REVHUYDWRULHV LQ WKH ZRUOG WKH ƄJXUH LV
H[SHFWHGWRUHDFK}SHUFHQWE\WKHEHJLQQLQJRIQH[W
decade). The facilities produce a massive amount of
data, the management and analysis of which requires
interdisciplinary skills, including skills in mathematical
models and algorithms. The Government of Chile sees
an opportunity in astronomical observatory facilities
to build capacities for big data analysis and create a
SULYLOHJHG VSDFH WR SURPRWH DUWLƄFLDO LQWHOOLJHQFH 2Q
WKHRWKHUKDQGDVPDQ\RIWKHFRXQWU\pVREVHUYDWRULHV
are operated by international partners such as
European countries, Canada, Japan and the United
6WDWHV VLJQLƄFDQW LQWHUQDWLRQDO FROODERUDWLRQ DQG
VFLHQWLƄFGLSORPDF\LQDVWURQRP\LVWDNLQJSODFHLQWKH
country.
Sources: Contribution from the Government of Chile, 2018;
5RGUÊJXH]*DUFÊD+XLGREUR

Establishing Society 5.0 to resolve social issues along
ZLWKHFRQRPLFGHYHORSPHQW-DSDQDLPVWRUHYLWDOL]H
its society and economy, be an internationally
attractive society and contribute to the Sustainable
Development Goals on a global scale through the
XWLOL]DWLRQRI$,177KH$UWLƄFLDO,QWHOOLJHQFH7HFKQRORJ\
Strategy Council of Japan was launched in April
2016.18 The Council subsequently developed the
$UWLƄFLDO ,QWHOOLJHQFH 7HFKQRORJ\ 6WUDWHJ\ ZKLFK
was published in 2017 (Strategic Council for AI
Technology, 2017). The strategy outlines some of the
priority areas for Japan in the areas of AI research
16

17
18

Contribution from the Economic and Social Commission for
$VLDDQGWKH3DFLƄF, 2018.
Contribution from the Government of Japan, 2019.
Ibid.
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and development, and promotes collaboration
between relevant government agencies, industry and
academia in order to further AI research. Japan has
also proposed the establishment of an international
set of basic rules for developing AI (The Japan
Times, 2016). The Government has also devised the
FRXQWU\pV URERW VWUDWHJ\ UHFRJQL]LQJ WKH QHHG IRU
URERW UHJXODWRU\ UHIRUP +HDGTXDUWHUV IRU -DSDQpV
(FRQRPLF5HYLWDOL]DWLRQ 
Some countries, such as Finland, are commissioning
studies on the prospects of making the country a
leader in the applications of AI. Its AI working group
recommended the following key actions: enhancing the
competitiveness of companies through the use of AI,
XWLOL]LQJGDWDLQDOOVHFWRUVVSHHGLQJXSDQGVLPSOLI\LQJ
the adoption of AI, ensuring top-level expertise and
attracting top experts, making bold decisions and
LQYHVWPHQWVEXLOGLQJWKHZRUOGpVEHVWSXEOLFVHUYLFHV
establishing new cooperation models and making the
country a trendsetter in the age of AI.19
With respect to AI, several countries are mainstreaming
ethical and normative dimensions into their strategies,
policies and consultative processes. The Pan&DQDGLDQ $UWLƄFLDO ,QWHOOLJHQFH 6WUDWHJ\ LV GHYHORSLQJ
global thought leadership on the economic, ethical,
SROLF\ DQG OHJDO LPSOLFDWLRQV RI DGYDQFHV LQ DUWLƄFLDO
intelligence. Canada believes that Governments
need to understand and engage on issues relating to
DUWLƄFLDOLQWHOOLJHQFHSDUWLFXODUO\DVLWUHODWHVWRKXPDQ
rights and the impact these new technologies can
have on women and girls (see %R[} ). The social
principles of human-centric AI of Japan include
human-centric20 education (accurate understanding
of AI for proper use in society and ethics), privacy,
security, fair competition, fairness, accountability and
transparency, and innovation.21

2. Other national policies and strategies
on rapid technological change
Some countries have developed technologyVSHFLƄFVWUDWHJLHVWKDWLQYROYHRWKHUDVSHFWVRIUDSLG
technological change. The Green Growth Development
6WUDWHJ\tRI8JDQGDSODFHVVSHFLDO
emphasis on renewable energy investment through
biomass energy for electricity and improved technology
IRUHQKDQFHGHIƄFLHQF\LQXVLQJELRPDVVIRUGRPHVWLF
and industrial uses, enhancing solar power potential
for the on-grid exploitation of geothermal energy and
19
20
21

Contribution from the Government of Finland, 2019.
Not infringing upon fundamental human rights.
Contribution from the Government of Japan, 2019.
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reinforcement of environmental, health and economic
safeguards for energy generation.22
Countries including Australia, India, Japan, Malaysia,
New Zealand, the Republic of Korea and Singapore
are developing road maps, plans and standards
for the Internet of things (Economic and Social
&RPPLVVLRQIRU$VLDDQGWKH3DFLƄF 7KURXJK
the draft policy of India on the Internet of things (2015),
the Government is driving the adoption of the Internet
of things by investing in smart cities and promoting
start-ups. In collaboration with the private sector, it
established the Centre of Excellence for the Internet of
Things.23 The 5G Strategy of Hungary aims to position
the country as one of the leading European centres for
*GHYHORSPHQWE\EHLQJRQHRIWKHƄUVWFRXQWULHVWR
launch 5G networks and create 5G test beds in key
sectors.24

Other countries address rapid technological change
through existing STI policies. For example, the policies,
strategies and initiatives of the Dominican Republic to
address the impact of rapid technological changes
are substantive elements of existing STI policy-related
documents, including the following: the National
'HYHORSPHQW6WUDWHJ\t6WUDWHJLF3ODQIRU
6FLHQFH7HFKQRORJ\DQG,QQRYDWLRQtDQG
WKH,QVWLWXWLRQDO6WUDWHJLF3ODQt27
It is important to note, however, that even if countries
GHYHORS QDWLRQDO 67, RU PRUH WHFKQRORJ\VSHFLƄF
strategies, translating these strategies and policies
into programmes of tangible impacts on pressing
developmental challenges is a critical issue (see
%R[}).
Box 12. Challenges in translating strategies into
impact in some Arab countries

Other countries are developing policies and strategies
WRGHHSHQWKHSURFHVVRIGLJLWL]DWLRQLQWKHHFRQRP\
DQG VRFLHW\ 7KH 'LJLWDO 6ZLW]HUODQG 6WUDWHJ\ DLPHG
at harnessing digital transformation for the sustainable
GHYHORSPHQW RI 6ZLW]HUODQG LQYROYHV WKH IROORZLQJ
SULQFLSOHV SXWWLQJ SHRSOH ƄUVW SURYLGLQJ URRP IRU
development, facilitating structural change and
networking the design of transformative processes.
Key objectives are to enable the equal participation
of all and strengthen solidarity; guarantee security,
trust and transparency; further improve the digital
empowerment of people and ensure value creation,
growth and well-being.25
In Singapore, the Government recently set up a new
agency, GovTech, to create an enabling environment
IRU IURQWLHU WHFKQRORJLHV *RY7HFKpV REMHFWLYH LV WR
drive digital transformation across government. It will
ZRUNZLWKSXEOLFVHFWRURUJDQL]DWLRQVWKH,&7LQGXVWU\
DQG FLWL]HQV WR DSSO\ WHFKQRORJLHV VXFK DV $, DQG
machine learning to government services. Setting up
such agencies should support the evolution of nextgeneration public services. Moreover, by hiring staff
with technological skills, the Government is supporting
WKHGHYHORSPHQWRIDQHZZDYHRIFLYLOVHUYDQWVƄWIRU
WKHWZHQW\ƄUVWFHQWXU\ 26
22
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26

See statement by Elioda Tumwesigye, Minister Science,
Technology and Innovation of Uganda at the twenty-second
session of CSTD on 14 May 2019. Available at https://unctad.org/meetings/en/Presentation/ecn162019s17_Uganda_
en.pdf (accessed 12 July 2019).
Contribution from the Economic and Social Commission for
$VLDDQGWKH3DFLƄF
Contribution from the Government of Hungary, 2019.
&RQWULEXWLRQIURPWKH*RYHUQPHQWRI6ZLW]HUODQG
Contribution from the Economic and Social Commission for
$VLDDQGWKH3DFLƄF

0RVW $UDE FRXQWULHV DOUHDG\ KDYH 67, VWUDWHJLHV t
Egypt, Jordan, Morocco, Saudi Arabia and the United
Arab Emirates. In addition, Morocco and Tunisia have
GHYHORSHG PRUH VSHFLDOL]HG GLJLWDO VWUDWHJLHV 4DWDU
and the Sudan have smart strategies, the United Arab
(PLUDWHV KDYH DQ DUWLƄFLDO LQWHOOLJHQFH VWUDWHJ\ DQG
several countries in the region have launched opendata initiatives (Bahrain, Jordan, Morocco, Oman,
4DWDU 6DXGL $UDELD 7XQLVLD DQG WKH 8QLWHG $UDE
Emirates). However, according to the Economic and
Social Commission for Western Asia, countries are
facing challenges in implementing these strategies:
ODFNRIDEVRUSWLYHFDSDFLW\LQDGHTXDWHƄQDQFLDODQG
QRQƄQDQFLDO UHVRXUFHV KLJK OHYHOV RI EXUHDXFUDF\
limited infrastructure and lack of advanced equipment;
lack of proper intellectual property infrastructure
and governing policies and legislation; brain drain;
low levels of foreign direct investment due to many
reasons, including political instability; weak private
sector engagement in STI (i.e. limited resource funds,
venture capital, angel investors); legislation related to
FRQƄGHQWLDOLW\SULYDF\DQGLQWHJULW\RIGDWDDQGHWKLFDO
LVVXHVUHODWHGWRWKHXVHRIDUWLƄFLDOLQWHOOLJHQFH
Source: Contribution from the Economic and Social
Commission for Western Asia, 2018.

D.

BUILDING DIGITAL COMPETENCIES TO
CLOSE DIGITAL DIVIDES

'LJLWDOL]DWLRQ DQG FRQQHFWLYLW\ DUH NH\ IHDWXUHV RI
frontier technologies. It is therefore critical that digital
SROLFLHVEHFDOLEUDWHGDFFRUGLQJWRFRXQWULHVpUHDGLQHVV
WR HQJDJH LQ DQG EHQHƄW IURP WKH GLJLWDO HFRQRP\
(UNCTAD, 2017a). With the rapid development of ICTs
and other frontier technologies, digital capabilities are
particularly important, not only in the context of jobs,
but also for social and civic participation in current and
future societies. Digital competencies include technical
27

Contribution from the Government of the Dominican Republic, 2019.
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skills, but also generic and complementary skills to be
able to understand media, search for information, be
critical about what is retrieved, and communicate with
a variety of digital tools and applications (UNCTAD,
2018b).
Different types of digital skills are needed to adapt
to new technologies. Four levels of digital skills are
needed during the adoption, use and domestication
of technologies. A distinction can be made between
skills required for the adoption of technologies
(involves basic education, literacy and familiarity
with technology devices), those needed in the basic
use of technologies (involves understanding of new
technologies, knowledge of digital rights, privacy
and security, ability to use digital technologies to
collaborate and create), those necessary for the
creative use and adaptation of technologies (involves
basic computing skills and familiarity with algorithms)
and those essential for the creation of new technologies
(sophisticated programming skills and knowledge of
complex algorithms) (UNCTAD, 2018b).
As many frontier technologies are designed to be
used in contexts with developed infrastructure and
abundant natural and social resources, developing
countries need to have appropriate skills to introduce
PRGLƄFDWLRQVWRQHZWHFKQRORJLHV +XDQJDQG3DOYLD
2001). Education and training programmes that
focus on digital skills for all should be inclusive and
accessible to everyone (see best practices in %R[}
and %R[  . Other types of competencies vary
across sectors, countries and industrial development.
In countries where technology development remains
in its early stages, basic technical skills and generic
skills are the most required. Countries where the
manufacturing sector dominates economic growth will
UHTXLUHDZRUNIRUFHZLWKVSHFLDOL]HGVNLOOVLQURERWLFV
automation and the Internet of things. Digital policies
should also support cross-sectoral collaboration both
within government and with other stakeholders to
address a wide spectrum of policy areas.
Box 13. Canada and the United States: Inclusive
policies to develop digital skills
In Canada, the Innovation and Skills Plan is one of the
FRPSRQHQWV RI WKH *RYHUQPHQWpV HIIRUWV WR OHYHUDJH
the opportunities of frontier technologies. Launched
in 2017, the strategy provides a series of new clientcentric measures to support innovation in the digital age
DQG VWUHQJWKHQ WKH FRXQWU\pV LQQRYDWLRQ HFRV\VWHP
Delivered in partnership with the private sector,
research and post-secondary institutions, and others,
the Plan focuses on skills; research, technology and
FRPPHUFLDOL]DWLRQSURJUDPPHVLPSOLƄFDWLRQDQGWKH
investment and scale-up of companies. Plan initiatives
such as “Connect to Innovate” and “Connecting
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Families” ensure that high-speed Internet is available
DQGDIIRUGDEOHIRUPRUHFLWL]HQVq&DQ&RGHrDQGWKH
“Digital Literacy Exchange” provide digital training
with an emphasis on traditionally underrepresented
Canadians. “Computers for Schools” and “Accessible
Technology Development” foster inclusivity in access
to technology that enables participation in the digital
economy. In addition, the National Digital and Data
Consultations launched in June 2018 are the next steps
of the Innovation and Skills Plan to further promote
an inclusive digital economy. The consultations seek
LGHDV DQG UHFRPPHQGDWLRQV IURP FLWL]HQV LQ WKUHH
key areas: the future of work, unleashing innovation,
and trust and privacy. Furthermore, the Pan&DQDGLDQ $UWLƄFLDO ,QWHOOLJHQFH 6WUDWHJ\ LV GHYHORSLQJ
global thought leadership on the economic, ethical,
SROLF\ DQG OHJDO LPSOLFDWLRQV RI DGYDQFHV LQ DUWLƄFLDO
intelligence.
A good example of providing STEM education
for underrepresented groups is the United States
Geological Survey (USGS) Secondary Transition to
Employment Programme. The initiative connects
USGS scientists with young adults with cognitive
and other disabilities (ages between 18 and 22)
who are enrolled in workforce training programmes.
These young adults particularly enjoy and excel at
repetitive and routine tasks that are data- and detailoriented. They have analysed 49,000 images for the
iCoast project, transcribed over 27,000 handwritten
bird phenology cards from the nineteenth and early
twentieth centuries, recorded over 90,000 wildlife
time-lapse images and scanned over 500,000 bird
banding laboratory sheets.
Sources: Contribution from the Governments of Canada and
the United States, 2018.

Recent work by CSTD suggests that addressing
gender digital divides in accessing, using and
developing new and emerging technologies requires
more and better data and a society-wide discussion
to better understand underlying issues (UNCTAD,
2019). It is important that policymakers, academia
and private sector stakeholders incorporate gender
considerations from the inception phase of their
policies, projects and products. While some countries
and regions struggle to attract more girls to STEMUHODWHGƄHOGVRWKHUVKDYHGLIƄFXOW\WRUHWDLQRUSURPRWH
women to leadership roles. Therefore, a nuanced
policy approach is needed.
Box 14. Policies for an empowering digital
environment for women and girls
The World Wide Web Foundation provides a policy
framework with a list of policy steps needed to
close the digital gender gap and ensure full digital
inclusion. An initiative called REACT focuses on rights,
education, access, content and targets to close the
gender digital divide. It recommends that policymakers
should protect and enhance rights online; equip
everyone, especially women, with adequate skills to
effectively use the Internet; provide affordable access
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to the Internet; ensure that relevant content for women
is available and used; and set and measure tangible
gender-equity targets.
While digital technologies have the potential to be used
in transformative ways to empower women and girls
and advance gender equality, they have also enabled
new forms of violence against women and girls.
Although there is no comprehensive data, in a recent
VXUYH\FDUULHGRXWLQWKH(XURSHDQ8QLRQ}SHUFHQW
of women have reported having experienced some
sort of online harassment since the age of 15. Women
are also disproportionately targeted by online violence
and suffer disproportionately serious consequences as
a result. To address cyberviolence against and abuse
of women and girls, Canada developed the Playbook
for Gender Equality in the Digital Age. This playbook
outlines a set of best practices for a multi-stakeholder
approach to ensure a positive and empowering digital
environment for all. It covers four broad areas: access,
culture, education and an international framework.
Sources: Contribution from the Government of Canada, 2018;
European Union Agency for Fundamental Rights, 2014; Human
Rights Council, 2018; World Wide Web Foundation, 2017.

E.

STRENGTHENING CAPACITY FOR
TECHNOLOGY FORESIGHT AND
ASSESSMENT

If societies are to cope better with the accelerated
pace and broadened scope of technological change,
policymakers will need to develop plans based
on technological foresight and an assessment of
potentially disruptive effects of technology over
years and even decades. Foresight involves bringing
together key agents of change and sources of
knowledge to develop strategic visions and intelligence
to shape the future. Developing capacity in technology
IRUHVLJKW HJ KRUL]RQ VFDQQLQJ DQG H[ DQWH LPSDFW
assessments) can enable countries to identify and
exploit the potential of frontier technologies for
sustainable development, identify priority technologies
in the short, medium and longer term and assess the
potential effects of emerging technologies. There are
also important implications for the methodologies
and types of evidence needed to support policy
and implementation, for example combining
methodologies and data for technological, economic,
social and environmental impacts in assessment of
the environmental impacts of innovation.
United Nations Member States are increasingly
UHFRJQL]LQJ WKH LPSRUWDQFH RI IRUHVLJKW DFWLYLWLHV
to enable societies and policymakers to adapt to
the changes created by the proliferation of new
technologies. The Economic and Social Council
UHFRJQL]HG WKDW WHFKQRORJ\ DQG DVVHVVPHQW
exercises could help policymakers and stakeholders
in the implementation of the 2030 Agenda through

WKHLGHQWLƄFDWLRQRIFKDOOHQJHVDQGRSSRUWXQLWLHVWKDW
can be addressed strategically (resolution 2017/22).
In its most recent resolution on STI for development
(resolution 2018/29) the Council encouraged
Governments to undertake systemic research for
foresight exercises, on new trends in STI in ICTs in their
impact on development, particularly in the context
of the 2030 Agenda and to consider undertaking
strategic foresight initiatives on global and regional
challenges at regular intervals and cooperate towards
the establishment of a mapping system to review and
share technology foresight outcomes. At the same
time, the latest General Assembly resolutions on STI
for development (resolution 72/228) and on the impact
of rapid technological change on the achievement
of the Sustainable Development Goals (resolution
72/242) encourage Member States to continue
considering the impact of rapid technological change
and to conduct technology assessment and foresight
activities to evaluate their development potential and
mitigate potential negative effects. Countries could
explore ways and means of conducting national,
regional and international technology assessments
and foresight exercises.
An international capability to monitor such
developments and draw out their implications for
ORZDQGPLGGOHLQFRPHFRXQWULHVZRXOGVLJQLƄFDQWO\
affect the capability of national decision-makers to
respond. International efforts to support national
responses, however, need to draw on a deeper
base of concepts and information than international
RUJDQL]DWLRQV WKHPVHOYHV FDQ SURYLGH 6HYHUDO
interdisciplinary international research communities
are devoted to analysing the trends and identifying
options for action thrives in Europe, North America
DQGDIƅXHQW$VLDLQFOXGLQJWKH*OREDO1HWZRUNRQWKH
Economics of Learning, Innovation and CompetenceBuilding Systems (GLOBELICS), European Forum
for Studies of Policies for Research and Innovation
(EU-SPRI), Society for the Studies of New and
Emerging Technologies (S.NET), and the European
Union programme on responsible research and
LQQRYDWLRQ ,QWHUQDWLRQDO DQG QDWLRQDO RUJDQL]DWLRQV
can help develop this monitoring capability inside
low- and middle-income countries with support to
a wider range of researchers, both for collaborative
research projects and travel to meet their professional
peers. PhD schools are a particularly cost-effective
way of deepening expertise in both the short and long
term. For such research to be useful, connections to
policymakers is key and convening policy or research
exchanges on a regular basis would help ensure that
knowledge is relevant, useful, and accessible.

VI. Regional, international and multi-stakeholder cooperation

25

VI. REGIONAL, INTERNATIONAL AND MULTI-STAKEHOLDER
COOPERATION
Intergovernmental and multi-stakeholder efforts to
strengthen digital capabilities can provide avenues
for refocusing and strengthening international
cooperation for innovation in frontier technologies.
However, support by the international community,
including regional and international cooperation,
will need to expand to prevent the evolving digital
economy from leading to widening digital divides
and greater income equalities. According to OECD,
the annual baseline average official development
assistance for ICT was around $500 million globally.
Between 2006 and 2015, this amount was between
$650 million and $700 million, representing a small
share in total aid efforts. The share of ICT in total
DLG IRU WUDGH GHFOLQHG IURP D } SHU FHQW EDVHOLQH
DYHUDJHLQtWRRQO\}SHUFHQWLQ
(OECD and WTO, 2017).

A.

REGIONAL AND INTERNATIONAL
COOPERATION

,QWHUQDWLRQDO FROODERUDWLRQ LQFOXGLQJ 1RUWKt6RXWK
DQG 6RXWKt6RXWK FROODERUDWLRQ WR DGGUHVV UDSLG
technological change can be manifold. It can
include knowledge and data sharing, capacitybuilding, collaboration in research and technology
development, collaboration in foresight exercises
and collaboration in STI policy (see %R[}  and
%R[}   ,QWHUQDWLRQDO RUJDQL]DWLRQV DQG ERGLHV
like CSTD have an important role to play to support
or provide a forum for such collaboration.
Box 15. International collaboration in space
technologies
One example of international collaboration in
the use of space technologies is through the
(XURSHDQ 8QLRQpV VSDFH LQIUDVWUXFWXUH QDPHO\
the Galileo satellite navigation programme and the
Copernicus Earth observation programme. Galileo
LV WKH (XURSHDQ 8QLRQpV RZQ JOREDO QDYLJDWLRQ
satellite system, currently under deployment,
providing a highly accurate, global positioning
services. The Copernicus satellite programme
LV WKH ZRUOGpV ODUJHVW VLQJOH (DUWK REVHUYDWLRQ
programme, providing vast amounts of data
feeding into a range of information services on the
environment, humanitarian needs and in support
of policymaking. By providing full, free and open

data, Copernicus is contributing to regional and
international efforts to identify and respond to
global challenges such as climate change, land
and water management or pollution. A recent study
conducted by the United Nations Office for Outer
Space Affairs showed that the programmes can
directly contribute to 13 out of the 17 Sustainable
Development Goals, both through monitoring and
in the achievement of some of the targets. Both
technologies can enable several applications,
LQFOXGLQJ IRUHFDVWLQJ QDWXUDO GLVDVWHUV RSWLPL]LQJ
crop productivity, air and water quality monitoring,
meteorological forecasting, disaster management,
support of search and rescue operations and
nature monitoring.
Sources: Contribution of the Government of Austria, 2018;
8QLWHG1DWLRQV2IƄFHIRU2XWHU6SDFH$IIDLUV

The United States Agency for International
Development (USAID), for example, is actively exploring
how emerging technologies, such as blockchain
1HOVRQ   DQG DUWLƄFLDO LQWHOOLJHQFH 3DXO  
affect development, in both positive and negative
ways. USAID is partnering with the Massachusetts
Institute of Technology and others to further research
on how to mitigate issues of bias and unfairness that
arise in low- and middle-income country contexts.
Training international research students and
participating in international exchanges also helps
WR VSUHDG VFLHQWLƄF DQG WHFKQLFDO H[SHUWLVH DFURVV
countries. The United States National Institutes of
Health, for example, sponsor international collaborative
projects through the Fogarty International Centre, and
the European Union welcomes other countries into
most of its research programmes.
Another good example of international collaboration
in research on frontier technologies is the work of the
High-level African Panel on Emerging Technologies.
The panel was appointed in 2016 by the African
Union Commission to give recommendations on
how Africa should harness emerging technologies.
The panel has recently published three reports on
three key technologies, including gene drives (for
malaria control and elimination), drones (to transform
$IULFDpV DJULFXOWXUH  DQG PLFURJULGV WR HPSRZHU
communities and enable transformation).
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Box 16. International collaboration in renewable
energy technologies
International collaboration has an essential role
in the area of renewable energy technologies.
For example, Germany has recently launched an
LQLWLDWLYHFDOOHGq*UHHQ3HRSOHVp(QHUJ\IRU$IULFDr
The programme aims to support partner countries
LQ WKH GHYHORSPHQW RI GHFHQWUDOL]HG UHQHZDEOHV
based energy systems. The programme will develop
GHFHQWUDOL]HGHQHUJ\VWUXFWXUHVLQUXUDOUHJLRQVZLWK
the assistance of municipalities, cooperatives and
private sector investments, and build local capacity
of African municipalities to provide affordable,
reliable and sustainable energy. While the initiative
addresses African communities as a whole, the
Energy Training Initiative targets young adults.
Sources: Contribution of the Government of Germany, 2018.

An example of collaboration on policy is a project of
the Economic and Social Commission for Asia and
WKH 3DFLƄF VXSSRUWHG E\ &DQDGD28 The project,
&DWDO\VLQJ :RPHQpV (QWUHSUHQHXUVKLS t &UHDWLQJ D
*HQGHU5HVSRQVLYH(QWUHSUHQHXULDO(FRV\VWHPtDLPV
to address the challenges of women entrepreneurs in
WKH$VLDt3DFLƄFUHJLRQLQDFFHVVLQJƄQDQFHDQGQHZ
technologies. The project supports the development
of gender-responsive policies and programmes
by policymakers and provides training for women
entrepreneurs (Government of Canada, 2018).

B.

MULTI-STAKEHOLDER INITIATIVES

6FLHQFH DQG HQJLQHHULQJ LQ DIƅXHQW DQG HPHUJLQJ
economies are deeply embedded in the commercial
dynamics that exacerbate inequalities within and
between countries. At the same time as scientists
and engineers respond to these programmes in
their own regions and countries, they also belong to
international communities that are oriented ultimately
WRSXEOLFEHQHƄW6RPHRIWKHPOLYHLQVRFLHWLHVWKDW
UHFRJQL]HWKDWIXOƄOOLQJWKHLULQWHUQDWLRQDOGHYHORSPHQW
obligations is good for the world economy and thus
IRUWKHLUV)RUWKHVFLHQWLƄFDQGWHFKQLFDOFRPPXQLWLHV
RI DIƅXHQW FRXQWULHV WR VXSSRUW HIIRUWV WR PLWLJDWH
inequalities, more of their work needs to be oriented
towards the needs of the those at the margins.
Individuals and institutions make commitments to this
goal in a variety of ways.
Academic research groups adopt this orientation
on their own, with research support from private
foundations. For example, the University of California,
Berkeley houses the Alliance for Global Health,
which includes both student exchanges and joint
research projects that link its campus to partners in

%UD]LO &KLQD ,QGLD 0H[LFR 1LFDUDJXD 6RXWK $IULFD
and Uganda. It is particularly focused on infectious
diseases.29 The MIT CoLab (Community Innovators
Laboratory) focuses on “innovation from the margins,”
serving as “a research and development hub which
KDUQHVVHV WKH GHSWK RI ZLVGRP LQ PDUJLQDOL]HG
communities to address issues of inequality”. 30
Regarding capacity-building, there are several
international activities involving the Internet of things
DQG DUWLƄFLDO LQWHOOLJHQFH )RU H[DPSOH DQ ,QWHUQHW
of things doctoral programme has been created as
part of a collaboration between the African Centre
of Excellence in Internet of things (ACEIoT) at the
University of Rwanda, College of Science and
Technology and the Abdus Salam International Centre
for Theoretical Physics (ICTP) in Italy (Abdus Salam
International Centre for Theoretical Physics, 2018).
The online education platform Fast.ai offers free
classes on deep learning with the aim of increasing
diversity in AI. The platform has launched diversity and
international fellowships for deep learning, providing
an opportunity for participants to receive state-of-theart practical education in AI (Fast.ai, 2018).
Frontier technologies may also help vulnerable
groups through applications targeted to address
their special needs. Machine learning can help drive
WRZDUGJUHDWHUƄQDQFLDOLQFOXVLRQYLDDOWHUQDWLYHFUHGLW
scoring algorithms. USAID-funded partners like Apollo
Agriculture and FarmDrive have leveraged machine
learning to deliver agronomic advice to smallholder
IDUPHUV DQG KHOS LQFUHDVH DFFHVV WR ƄQDQFLDO
services in the agricultural sector in Kenya. Machine
learning can also help in matchmaking to address
youth unemployment. Harambee Youth Employment
Accelerator, for example, is a social enterprise in
South Africa that is integrating machine learning to
better match traditionally excluded low-income youth
with jobs in the formal economy.31
Multi-stakeholder initiatives can also leverage their
PHPEHUVpUHVRXUFHVWRUDLVHDZDUHQHVVDERXWPDMRU
challenges, such as gender digital divides (see %R[})
and advocate actions addressing these challenges.
Raising awareness about gender divides could include
developing a list of challenges for women and girls
that urgently need technological solutions (inspired by
the aspirations of the 50 breakthrough technologies
needed to achieve the Sustainable Development
Goals). It could also involve advocating gender audit
in technology assessments that would examine the
29
30
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Contribution from the Government of Canada, 2018.

31

For more information, see http://globalhealth.berkeley.edu/.
For more information, see https://www.colab.mit.edu/.
Contribution from the Government of the United States, 2018.
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broader impact of technologies on women, such as
WKH LPSDFW RI HOHFWULƄFDWLRQ SURMHFWV RQ ZRPHQ DQG
children in rural areas (UNCTAD, 2019b).
Box 17. Multi-stakeholder initiatives to address
gender digital divides
A few multi-stakeholder initiatives have been launched
in recent years to address gender digital divides and
VXSSRUW ZRPHQpV SDUWLFLSDWLRQ LQ WKH GLJLWDO ZRUOG
(48$/6IRUH[DPSOHLVDJOREDOSDUWQHUVKLSIRXQGHG
in 2016 by ITU, UN Women, the International Trade
Centre, GSMA and the United Nations University.
Through a partnership with private sector leaders,
Governments, civil society, communities and
LQGLYLGXDOVDURXQGWKHZRUOG(48$/6DLPVWRDFKLHYH
digital gender equality by raising awareness, building
political commitment, leveraging resources and
knowledge, and harnessing the capacities of partners.
It does this through four main workstreams on access,
skills, leadership and research.
The G20 launched the #eSkills4Girls initiative in 2017
to support efforts to address gender digital divide
in low-income and developing countries. It is a joint
project of G20 countries and provides a platform to
share information and knowledge on the issue and to
showcase current initiatives, good practices, as well
as policy recommendations to different stakeholders.

UDSLG WHFKQRORJLFDO FKDQJH DUWLƄFLDO LQWHOOLJHQFH
automation and policy implications33). Regional
commissions are also contributing to a better
understanding of the impact of rapid technological
change through expert meetings (such as the recent
PHHWLQJ RQ IRXUWK LQGXVWULDO UHYROXWLRQ RUJDQL]HG E\
the Economic Commission for Europe34) and analytical
work on the regional applications and best practices
in supporting frontier technologies (Economic and
6RFLDO &RPPLVVLRQ IRU $VLD DQG WKH 3DFLƄF 
and 2018; Economic and Social Commission for
Western Asia, 2018). Furthermore, the SecretaryGeneral of the United Nations has recently published
a United Nations-system-wide strategy on new
technologies35 and established a high-level panel
on digital cooperation to raise awareness about the
transformative impact of digital technologies and
contribute to the broader public debate.36 Across
the United Nations system, agencies, forums and
initiatives can support Member States through
capacity-building activities, technology foresight
and assessment, and norm-setting and consensusbuilding.

Sources: Contribution from the Government of Germany;
(48$/6

C.

UNITED NATIONS AND COMMISSION
ON SCIENCE AND TECHNOLOGY FOR
DEVELOPMENT

In recent years, there has been growing interest by
Member States in examining the impact of rapid
technological change on sustainable development
within the United Nations system. Discussions have
been taking place in several forums. In 2017, the
United Nations General Assembly passed a Resolution
on the impact of rapid technological change on the
achievement of the Sustainable Development Goals
(resolution 72/242), and recently in 2018, a resolution
on the impact of rapid technological change on the
achievement of the Sustainable Development Goals
and targets (resolution 73/17). In response to this,
CSTD and the Multi-stakeholder Forum on Science,
Technology and Innovation for the Sustainable
Development Goals held dedicated sessions on
the impact of rapid technological change in 2018.
Other initiatives include two expert group meetings
in Mexico (in 2016 on exponential technological
change, automation, and their policy implications
for sustainable development,32 and in 2018 on

1. Capacity-building
'HYHORSLQJ FRXQWULHV FRXOG DOVR EHQHƄW IURP WKH
various STI policy capacity-building initiatives
of the United Nations. These include trainings
and workshops facilitated by the United Nations
Interagency Task Team on Science, Technology
and Innovation for the Sustainable Development
Goals of the Technology Facilitation Mechanism. The
Technology Bank for Least Developed Countries is
DORQJVWDQGLQJSULRULW\RI/'&VWKDWZDVFRQƄUPHG
in the 2015 Addis Ababa Action Agenda and in
Sustainable Development Goal 17 (target 17.8).
Developing countries could engage with the recently
inaugurated technology bank, whose aim is to
LPSURYHWKHXWLOL]DWLRQRIVFLHQWLƄFDQGWHFKQRORJLFDO
VROXWLRQVLQWKHZRUOGpVSRRUHVWFRXQWULHVDQGSURPRWH
the integration of least developed countries into the
global knowledge-based economy. Furthermore,
CSTD could launch capacity-building workshops
33

34

35
32

The outcome document of this expert group meeting is
available at https://sustainabledevelopment.un.org/conWHQWGRFXPHQWV0HHWLQJBUHSRUWBƄQDOSGI DFFHVVHG
}1RYHPEHU 

27

36

The outcome document of this expert group meeting is
available at https://sustainabledevelopment.un.org/content/
documents/19330EGM_MexicoConclusions_and_RecommenRecomme.pdf (accessed 12 November 2018).
Contribution from the Economic Commission for Europe,
2019.
Available at http://www.un.org/en/newtechnologies/images/pdf/SGs-Strategy-on-New-Technologies.pdf (accessed
}1RYHPEHU 
See http://www.un.org/en/digital-cooperation-panel/ (accessed
}1RYHPEHU 
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to help developing country Member States improve
STI capacities in relation to the achievement of the
Sustainable Development Goals.37

2. Technology foresight and assessment
There is need for technology foresight and
assessment to better understand the impact of
frontier technologies and to identify approaches that
can leverage them to accelerate the achievement of
the Sustainable Development Goals in all countries
and leave no one behind. Platforms such as CSTD
and the Multi-stakeholder Forum on Science,
Technology and Innovation for the Sustainable
Development Goals, as well as initiatives such as
WKH 6HFUHWDU\*HQHUDOpV +LJKOHYHO 3DQHO RQ 'LJLWDO
Cooperation, contribute to the broader public debate
on how to ensure a safe and inclusive digital future
for all. CSTD can also support and showcase good
examples of international, regional and national
technology foresight exercises and assessments.

3. Norm-setting and consensus-building
The United Nations could encourage agreement on a
global framework of norms and standards rooted in
the values of the United Nations system to frame and
guide technological innovation, especially in areas
OLNH DUWLƄFLDO LQWHOOLJHQFH ELR DQG QDQRWHFKQRORJ\
robotics, machine learning and big data, where the
SRWHQWLDOUDPLƄFDWLRQVDUHYHU\ODUJH7KHJOREDOL]DWLRQ
convergence and impacts of these technologies have
supranational implications requiring international
coordination. Global consensus ensures that new
technologies are compatible with the Sustainable
Development Goals, particularly regarding their
social and environmental implications. Despite their

37

CSTD, in collaboration with the Government of China, convened STI capacity-building training workshops on science,
technology and innovation policy and management for sustainable development and set up the High-technology Park
and Incubator Development Programme in September 2018.

considerable potential, frontier technologies alone will
QRW VXIƄFH WR DGGUHVV WKH FKDOOHQJHV RI VXVWDLQDEOH
development. Governments and other stakeholders
need to be proactive in putting in place policies
WKDW PLQLPL]H WKHLU ULVNV DQG HQVXUH WKH HTXLWDEOH
GLVWULEXWLRQZLWKLQDQGDFURVVFRXQWULHVRIWKHEHQHƄWV
of technologies.
For example, international standards for health
and safety support the targeted development of
national capability in areas of rapid technological
change. For nanotechnology, concerns about
the occupational and environmental risks of
nanoscale particles posed a challenge to the
early development of applications. International
RUJDQL]DWLRQVVWHSSHGLQWRWKHLQIRUPDWLRQJDSDQG
began to collate and evaluate the available data for
specific product groups. 38 Because of the ongoing
dialogue at the international level, countries such
as South Africa did not need to mount their own
testing programmes, nor depend entirely on
expertise from specific countries. However, they
could address potentially unequal risks through
international best practices.
Furthermore, global consensus could identify a set
of technological innovations that will be most critical
for achieving health-, sanitation- and environmentrelated goals of the 2030 Agenda and facilitate access
to and use of these technologies by all countries and
communities. Targeting research funding towards
Sustainable Development Goal-related projects,
PDSSLQJ H[LVWLQJ VFLHQWLƄF NQRZOHGJH DQG FXUUHQW
research against local needs and building technological
capabilities through national and international efforts
can ensure that these mission-critical innovations
serve the 2030 Agenda.

38

See OECD publications in the Series on the Safety of Manufactured Nanomaterials: http://www.oecd.org/science/nanosafety/publications-series-safety-manufactured-nanomaterials.htm.
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VII. KEY MESSAGES
5DSLG WHFKQRORJLFDO FKDQJH RIIHUV D VLJQLƄFDQW
opportunity to achieve the 2030 Agenda and the
Sustainable Development Goals. New and emerging
technologies can support poverty eradication efforts,
monitor sustainable development targets and
indicators, improve food security, promote energy
DFFHVV DQG HIƄFLHQF\ HQDEOH VWUXFWXUDO HFRQRPLF
transformation, support social inclusion, combat
disease and enable access to quality education.
Rapid technological change also poses new challenges
for policymaking, threatening to outpace the capacity
of Governments and society to adapt to the changes
that new technologies bring about. Automation
could have an impact on employment, productivity,
JOREDOL]DWLRQDQGFRPSHWLWLRQLQXQFOHDUDQGSRWHQWLDOO\
negative ways. Rapid technological change also has
the potential to perpetuate existing divides among and
between countries and raise ethical issues involving
privacy, security, data stewardship and safety.
Although the global dynamics of technological
change have the potential to increase socioeconomic

divides, policies can support investments that spread
capabilities more broadly and stimulate innovation
with and for groups at the margins.
National strategies harnessing rapid technological
change for sustainable development involve building
and managing effective innovation systems. Key policy
FRQVLGHUDWLRQV LQFOXGH DGGUHVVLQJ WKH HGXFDWLRQt
employment nexus, building endogenous innovation
capacities, developing digital competences to bridge
digital divides and strengthening the capacity for
technology foresight.
Intergovernmental and multi-stakeholder efforts to
strengthen digital capabilities can provide avenues
for refocusing and strengthening international
cooperation for innovation in frontier technologies.
1RUWKt6RXWK
6RXWKt6RXWK
DQG
WULDQJXODU
cooperation, initiatives by academic, technical,
business and civil society communities, and United
Nations system-wide efforts can play a role in
ensuring that rapid technological change leaves no
one behind.

30

The impact of rapid technological change on sustainable development

REFERENCES
Abdus Salam International Centre for Theoretical Physics (2018). New Internet of things Doctoral Programme:
ICTP supports ACE IoT in Rwanda. Available at https://www.ictp.it/about-ictp/media-centre/news/2018/5/
iot-phds.aspx (accessed 16 November 2018).
$IULFDQ8QLRQDQG1HZ3DUWQHUVKLSIRU$IULFDpV'HYHORSPHQW  'URQHVRQWKH+RUL]RQ7UDQVIRUPLQJ$IULFDpV
Agriculture. High-level African Panel on Emerging Technologies Report. Midrand, Gauteng, South Africa.
NEPAD.
$LQJH5R\(  'URQHVWRGHOLYHUYDFFLQHVLQ9DQXDWXLQZRUOGƄUVWWULDOThe Guardian. 31 October.
$ODQJ1  :KDWpVLQD1DPH"6RFLDOPHGLDKDVPDGHLWHDVLHUWRRUJDQL]HDFWLYLVWVDQGHYHQKDUGHUWR
hold them together. New Republic  t
$QWKRQ\6  7UDQVLVWRUVZLOOVWRSVKULQNLQJLQEXW0RRUHpVODZZLOOOLYHRQ$567HFKQLFD-XO\
$VRQJX6DQG1ZDFKXNZX-  5HFHQWƄQDQFHDGYDQFHVLQLQIRUPDWLRQWHFKQRORJ\IRULQFOXVLYHGHYHORSPHQW
A systematic review. Netnomics t 
$XWRU'  6NLOOVHGXFDWLRQDQGWKHULVHRIHDUQLQJVLQHTXDOLW\DPRQJWKHqRWKHU}SHUFHQWrScience
  t
Autor D (2015). Why are there still so many jobs? The history and future of workplace automation. Journal of
Economic Perspectives  t
%DGHQ7&KDJDV$*DJH*0DU]XOOR73ULHWR*RGLQR/DQG(XOHU7  &RUUHFWLRQ2SHQ/DEZDUHt'
Printing Your Own Lab Equipment. PLoS Biol 13(5):e1002175. https://doi.org/10.1371/journal.pbio.1002175.
Bent O, Remy S, Roberts S, and Walcott-Bryant A (2017). Novel Exploration Techniques (NETs) for Malaria Policy
Interventions. Available at https://arxiv.org/abs/1712.00428 (accessed 20 November 2018).
Berger T, Chen C, and Frey C (2018). Drivers of disruption? Estimating the Uber effect. European Economic
Reviewt
Bessen J (2016). How Computer Automation Affects Occupations: Technology, Jobs and Skills. SSRN Electronic
Journal. October 2016.
%LQ]&DQG$QDGRQ/  8QUHODWHGGLYHUVLƄFDWLRQLQODWHFRPHUFRQWH[WV(PHUJHQFHRIWKH&KLQHVHVRODU
photovoltaics industry. Environmental Innovation and Societal Transitionst
Blumenstock JE, Fafchamps M and Eagle N (2011). Risk and reciprocity over the mobile phone network: Evidence
from Rwanda. NET Institute Working Paper. No. 11-25.
%RUWDJDUD\,%ULWR/%URXZHU5&R]]HQV6)DOFÀR03DQG*DWFKDLU6'  2SHQVRXUFHELRWHFKQRORJ\
3ODQWWLVVXHFXOWXUHDQGWKHJURZWKRIRSSRUWXQLW\,Q&R]]HQV6DQG7KDNXU'HGVInnovation and Inequality:
Emerging Technologies in an Unequal World. Edward Elgar Publishing. Cheltenham.
%UHLGDNV ,   &LWL]HQ LQLWLDWLYHVp SODWIRUP 0\9RLFH 3UHVHQWDWLRQ DW &LYLO 6RFLHW\ 'D\V  %UXVVHOV
Belgium. Available at https://www.eesc.europa.eu/resources/docs/csdays2017---workshop-4---imantsEUHLGDNVFLWL]HQLQLWLDWLYHVSODWIRUPP\YRLFHSGI DFFHVVHG1RYHPEHU 
%UH]QLW] '   Innovation and the State: Political Choice and Strategies for Growth in Israel, Taiwan, and
Ireland. Yale University Press. New Haven, Connecticut, United States.

References

31

%ULWR/%URXZHU5DQG)DOFÀR0  6ZHHWSRWDWR%LRWHFKQRORJ\LQGLIIHUHQWJXLVHVRQDEURDGUDQJHRI
scales. Technological Forecasting and Social Change  t
Brynjolfsson E and McAfee A (2014). The Second Machine Age: Work, Progress and Prosperity in a Time of
Brilliant Technologies. W. W. Norton and Company. New York.
%XUQV6  03HVDDQGWKHqPDUNHWOHGrDSSURDFKWRƄQDQFLDOLQFOXVLRQEconomic Affairs  t
%XWOHU &   +XPDQ 5LJKWV DQG WKH :RUOG 7UDGH 2UJDQL]DWLRQ 7KH 5LJKW WR (VVHQWLDO 0HGLFLQHV DQG WKH
TRIPS Agreement. Journal of International Law and Policyt
Centre for the New Economy and Society (2018). The Future of Jobs Report 2018. World Economic Forum.
&KDPLQDGH&DQG3DGLOOD3ÆUH]5  7KHFKDOOHQJHRIDOLJQPHQWDQGEDUULHUVIRUWKHGHVLJQDQGLPSOHPHQWDWLRQ
of science, technology and innovation policies for innovation systems in developing countries. In: Kuhlmann
6DQG2UGRQH]*HGVScience, Technology and Innovation Policy in Developing Countries: Rationales and
Relevance. An International Research Handbook(GZDUG(OJDU3XEOLVKLQJ&KHOWHQKDP3St
Chua A (2003). World On Fire: How Exporting Free Market Democracy Breeds Ethnic Hatred and Global Instability.
Anchor Books. New York.
Convention on Biological Diversity (2017). Report of the ad hoc technical expert group on synthetic biology.
0RQWUHDO&DQDGDt'HFHPEHU&%'6<1%,2$+7(*
Cooke P, Uranga MG, and Etxebarria G (1997). Regional innovation systems: institutional and organisational
dimensions. Research Policy t t
&RUDN0  :RUOGVRI,QHTXDOLW\7KHZLQQHUVDQGORVHUVRIJOREDOL]DWLRQ0XVWLWEHWKLVZD\"The American
Prospect. Available at http://prospect.org/article/worlds-inequality (accessed 13 December 2018).
&R]]HQV 6   2QH 6L]H 'RHV 1RW )LW $OO 7DLORULQJ ,QQRYDWLRQ 6WUDWHJLHV LQ WKH *OREDO 6RXWK ,QQRYDWLRQ
Pressure Conference. Tampere, Finland.
&R]]HQV6  ,QQRYDWLRQDQG,QHTXDOLW\The Co-evolution of Innovation Policy: Innovation Policy Dynamics,
Systems and Governance. Kuhlmann S, Shapira P, and Smits R (eds.) Edward Elgar Publishing. Cheltenham.
&R]]HQV6DQG6XW]-  ,QQRYDWLRQLQLQIRUPDOVHWWLQJV5HƅHFWLRQVDQGSURSRVDOVIRUDUHVHDUFKDJHQGD
Innovation and Development  t
'DV0DQG+LOJHQVWRFN%  7KHH[SRVXUHWRURXWLQL]DWLRQ/DERXUPDUNHWLPSOLFDWLRQVIRUGHYHORSHGDQG
developing economies. IMF Working Paper. WP/18/135.
Dataquest (2015). Indian 3D printing start-up creates educational tools to bring vision to the visually impaired.
Dataquest. 15 June. Available at https://www.dqindia.com/indian-3d-printing-startup-creates-educationaltools-to-bring-vision-to-the-visually-impaired/ (accessed 8 November 2018).
Department of Economic and Social Affairs (2018). World Economic and Social Survey 2018: Frontier Technologies
for Sustainable Development. (United Nations publication. New York)
'MHƅDW $ DQG &XPPLQJV $5   (PHUJHQFH RI WHUULWRULDO V\VWHPV RI LQQRYDWLRQ LQ GHYHORSLQJ FRXQWULHV
Building a conceptual framework based on Latin American and North African experiences. Conference paper.
13th Globelics International Conference. Havana.
Dora V (2015). Will energy and water challenges propel an IoT wave in India? Your Story. 20 July. Available at
https://yourstory.com/2015/07/iot-wave/ (accessed 20 November 2018).
de Klerk M, Droogers P, Simons G, and van Til J (2017). Change in Water Productivity as a Result of ThirdEye
6HUYLFHV LQ 0R]DPELTXH )XWXUH:DWHU 5HSRUW  $YDLODEOH DW KWWSVZZZIXWXUHZDWHUQOZSFRQWHQW
uploads/2017/05/ThirdEye_WaterProductivity_FW_Report166.pdf (accessed 20 November 2018).

32

The impact of rapid technological change on sustainable development

Dorrier J (2017). Solar is now the cheapest energy there is in the sunniest parts of the world. Singularity Hub.
} 0D\ $YDLODEOH DW KWWSVVLQJXODULW\KXEFRPVRODULVQRZWKHFKHDSHVWHQHUJ\WKHUHLVLQ
the-sunniest-parts-of-the-world/#sm.0001upd2a17e3dwstnf1d34r9bi96 (accessed 20 November 2018).
du Toit A and Gaotlhobogwe M (2018). A neglected opportunity: Entrepreneurship education in the lower high
school curricula for technology in South Africa and Botswana. African Journal of Research in Mathematics
Science and Technology Education  t
Dubhashi D and Lappin S (2017). AI Dangers: Imagined and Real. Communications of the ACM  t
(FRQRPLFDQG6RFLDO&RPPLVVLRQIRU$VLDDQGWKH3DFLƄF  $UWLƄFLDOLQWHOOLJHQFHLQ$VLDDQGWKH3DFLƄF$YDLODEOH
DWKWWSVZZZXQHVFDSRUJVLWHVGHIDXOWƄOHV(6&$3B$UWLƄFLDOB,QWHOOLJHQFHSGI DFFHVVHG}1RYHPEHU 
(FRQRPLF DQG 6RFLDO &RPPLVVLRQ IRU $VLD DQG WKH 3DFLƄF   )URQWLHU WHFKQRORJLHV IRU VXVWDLQDEOH
GHYHORSPHQW LQ $VLD DQG WKH 3DFLƄF $YDLODEOH DW KWWSVZZZXQHVFDSRUJVLWHVGHIDXOWƄOHVSXEOLFDWLRQV
Frontier%20tech%20for%20SDG.pdf (accessed 19 November 2018).
Economic and Social Commission for Western Asia (2018). Technology opportunities for sustainable development
in Arab countries. E/ESCWA/SDPD/2018/TP.1.
Edquist C, Vonortas N, Zabala-Iturriagagoitia J, and Edler J, eds. (2015). Public Procurement for Innovation.
Edward Elgar Publishing. Cheltenham.
(48$/6  6HHKWWSVZZZHTXDOVRUJ DFFHVVHG1RYHPEHU 
Engineering Nitrogen Symbiosis for Africa (2018). See www.ensa.ac.uk/ (accessed 20 November 2018).
European Union Agency for Fundamental Rights (2014). Violence against women: An EU-wide survey. Main results.
Faberberg J, Mowery DC and Nelson R, eds. (2006). The Oxford Handbook of Innovation. Oxford University
Press. Oxford.
Fairwork (2018). See http://fair.work/principles/ (accessed 16 November 2018).
Fast.ai (2018). Diversity and International Fellowships for Deep Learning Part 2. Available at http://www.fast.
ai/2017/01/28/diversity-international-part-ii/ (accessed 16 November 2018).
Fogel R (1999). Catching up with the economy. American Economic Review. 89(1).
Freeman C (2000). Social inequality, technology and economic growth. In: Wyatt S, ed. Technology and
In/equality: Questioning the Information Society. Routledge. New York.
)UH\ & DQG 2VERUQH 0   7KH IXWXUH RI HPSOR\PHQW +RZ VXVFHSWLEOH DUH MREV WR FRPSXWHUL]DWLRQ"
Technological Forecasting and Social Changet
Galbraith J (1998). Created Unequal: The Crisis in American Pay. The Free Press. New York.
Ghose A (2003). Jobs and Incomes in a Globalizing World. Brookings Institution Press. Washington, D.C.
*OHQQ &   $FWLYLVP RU qVODFNWLYLVP"r 'LJLWDO PHGLD DQG RUJDQL]LQJ IRU VRFLDO FKDQJH Communication
Teacher  t
Goel M (2017). Inequality between and within skill groups: The curious case of India. World Development 93:
t
*RYHUQPHQW RI &DQDGD   &DWDO\VLQJ ZRPHQpV HQWUHSUHQHXUVKLS &UHDWLQJ D JHQGHUUHVSRQVLYH
HQWUHSUHQHXULDO HFRV\VWHP 3URMHFW SURƄOH $YDLODEOH DW KWWSZLQWHUQDWLRQDOJFFDSURMHFWEURZVHU
banqueprojets/project-projet/details/D004857001 (accessed 12 November 2018).

References

33

Graham M and Woodcock J (2018). Towards a Fairer Platform Economy: Introducing the Fairwork Foundation.
Alternate Routes  t
Hansda R (2017). Small-scale farming and gender-friendly agricultural technologies: The interplay between
gender, labour, caste, policy and practice. Gender, Technology and Development  t
+HDGTXDUWHUV IRU -DSDQpV (FRQRPLF 5HYLWDOL]DWLRQ   1HZ 5RERW 6WUDWHJ\ $YDLODEOH DW KWWSZZZPHWL
go.jp/english/press/2015/pdf/0123_01b.pdf (accessed 12 July 2019).
Hemson D and Peek N (2017). Training and integrating rural women into technology: A study of renewable
energy technology in Bangladesh. Gender, Technology and Development t t
Hilbert M (2017). Digital tools for foresight. Research Paper No. 10. UNCTAD.
Huang Z and Palvia P (2001). ERP implementation issues in advanced and developing countries. Business
Process Management Journal  t
Human Rights Council (2018). Report of the Special Rapporteur on violence against women, its causes and
consequences on online violence against women and girls from a human rights perspective. 12 June.
A/HRC/38/47.
Ignitia (2018). See http://www.ignitia.se/ (accessed 20 November 2018).
International Renewable Energy Agency (2016). The power to change: Solar and wind cost reduction potential to
2025. International Renewable Energy Agency. Abu Dhabi.
Jean N, Burke M, Xie M, Davis M, Lobell D, and Ermon S. (2016) Combining satellite imagery and machine
learning to predict poverty. Science  t
Jensen N, Barrett C, Mude A (2015). The favourable impacts of index-based livestock insurance: Evaluation
results from Ethiopia and Kenya. ILRI Research Brief 52. May. Available at https://cgspace.cgiar.org/bitstream/
handle/10568/66652/ResearchBrief52.pdf?sequence=1&isAllowed=y (accessed 20 November 2018).
-LPÆQH]$  ,QFOXVLYHLQQRYDWLRQIURPWKHOHQVHVRIVLWXDWHGDJHQF\,QVLJKWVIURPLQQRYDWLRQKXEVLQWKH
UK [United Kingdom] and Zambia. Innovation and Developmentt
Juma C and Lee YC (2005). Innovation: Applying knowledge in development. Earthscan. London.
Kaplinsky R (2011). Schumacher meets Schumpeter: Appropriate technology below the radar. Research Policy
  t
Kaplinsky R, Chataway J, Hanlin R, Clark N, Kale D, Muraguri L, Papaioannou T, Robbins P, and Wamae W (2009).
Below the radar: What does innovation in emerging economies have to offer other low-income economies?
International Journal of Technology Management.   t
Khan S (2013). The One World Schoolhouse: Education Reimagined. Twelve. New York.
Kohli J (2015). 3D printing can transform education sector in India. Dataquest. 5 June 2015. Available at https://
www.dqindia.com/3d-printing-can-transform-education-sector-in-india/ (accessed 20 November 2018).
Kraemer-Mbula E and Wunsch-Vincent S, eds. (2016). The Informal Economy in Developing Nations: Hidden
Engine of Innovation? Intellectual Property, Innovation and Economic Development Series. Cambridge
University Press. Cambridge.
Kriechbaum M, Prol J, and Posch A (2018). Looking back at the future: Dynamics of collective expectations about
photovoltaic technology in Germany and Spain. Technological Forecasting and Social Changet
.XR7./LP66DQG6RQNR/.  &DWFKXSVWUDWHJ\RIODWHFRPHUƄUPVLQ$VLD$FDVHVWXG\RILQQRYDWLRQ
ambidexterity in PC industry. Technology Analysis and Strategic Management  t

34

The impact of rapid technological change on sustainable development

Lakner C and Milanovic B (2015). From the Fall of Berlin Wall to the Great Recession. World Bank Economic
Review. Advance Access.
/D]HU'.HQQHG\5.LQJ*DQG9HVSLJQDQL$  7KHSDUDEOHRI*RRJOHƅX7UDSVLQELJGDWDDQDO\VLV
Science  t
/D]RQLFN:  7KHLQQRYDWLYHƄUP,Q)DEHUEHUJ-0RZHU\'&DQG1HOVRQ55HGV Oxford Handbook of
Innovation. Oxford University Press. Oxford.
Ledford H (2016). CRISPR: Gene editing is just the beginning. Nature. 7 March.
/HH+:DQG&KRL<-  :KDWLV.RUHDpV>WKH5HSXEOLFRI.RUHDpV@VWUDWHJ\WRPDQDJHWKHLPSOLFDWLRQVRI
DUWLƄFLDO LQWHOOLJHQFH" $YDLODEOH DW KWWSVEORJVZRUOGEDQNRUJGLJLWDOGHYHORSPHQWZKDWNRUHDVVWUDWHJ\
PDQDJHLPSOLFDWLRQVDUWLƄFLDOLQWHOOLJHQFH DFFHVVHG-XO\ 
0DNULGDNLV6  7KHIRUWKFRPLQJDUWLƄFLDOLQWHOOLJHQFH $, UHYROXWLRQ,WVLPSDFWRQVRFLHW\DQGƄUPVFutures
t
Malerba F (2004). Sectoral Systems of Innovation: Concepts, Issues and Analyses of Six Major Sectors in Europe.
Cambridge University Press. Cambridge.
Marx L (2017). Merging technology and indigenous knowledge practices: The construction of the gallery of
leaders exhibition at Freedom Park. South African Museums Association Bulletin  t
0DWRV 03 6RDUHV 0 &DVVLRODWR - DQG 4XHLUR] -   ,QQRYDWLRQ LQ WKH KHDOWK V\VWHP (YLGHQFHV IURP
%UD]LOLDQ ORFDO SURGXFWLRQ DQG LQQRYDWLRQ V\VWHPV ,Q $O+DNLP / :X ; .RURQLR $ DQG 6KRX < HGV
(2016). Handbook of Research on Driving Competitive Advantage through Sustainable, Lean, and Disruptive
Innovation. IGI Global. Hershey, Pennsylvania.
McKinsey Global Institute (2017). Jobs Lost, Jobs Gained: Workforce Transitions in a Time of Automation.
McKinsey and Company.
McMahan K, Roa D, Hayes K, Khyami R, Simon S, Ulku L, Chanik C, and Iida N (2015). Securing water for food:
Annual report. United States Agency for International Development. Available at https://securingwaterforfood.org/
ZSFRQWHQWXSORDGV6:))$QQXDO5HSRUWB3UHVVB3ULQW9HUVLRQSGI DFFHVVHG}1RYHPEHU 
Milanovic B (2005). Worlds Apart: Measuring International and Global Inequality. Princeton University Press.
Princeton.
Milanovic B (2016). Global Inequality: A New Approach for the Age of Globalization. Harvard University Press.
Cambridge, Massachusetts.
Ministry of Science and ICT of the Republic of Korea (2017). Science, technology and ICT newsletter, No. 26.
Available at http://english.msip.go.kr/english/msipContents/contentsView.do?cateId=msse44&artId=1325782
DFFHVVHG}-XO\ 
0RUULV0DQG6WDULW]&  ,QGXVWULDOXSJUDGLQJDQGGHYHORSPHQWLQ/HVRWKRpVDSSDUHOLQGXVWU\JOREDOYDOXH
FKDLQVIRUHLJQGLUHFWLQYHVWPHQWDQGPDUNHWGLYHUVLƄFDWLRQOxford Development Studies  t
0XOOHU-  %HƄWIRUFKDQJH6RFLDOFRQVWUXFWLRQRIHQGRJHQRXVWHFKQRORJ\LQWKH6RXWK)$8&RQIHUHQFH
Gjerrild, Grenaa, Djursland, Denmark.
0XUDYHYD(.Q\D]NLQD(DQG'REURWYRUVND\D6  &DSDFLW\RI\RXWKVLQWKH5HSXEOLFRI7DWDUVWDQWRGHYHORS
WHFKQLFDOFUHDWLYLW\,IWHt7KLUG,QWHUQDWLRQDO)RUXPRQ7HDFKHU(GXFDWLRQ59DOHHYD: t
Mytelka L and Farinelli F (2000). Local clusters, innovation systems and sustained competitiveness. UNU/INTECH
Discussion paper 2005. United Nations University. Institute for New Technologies. Maastricht.

References

35

Nelson P (2018). Primer on blockchain: How to assess the relevance of distributed ledger technology to
LQWHUQDWLRQDOGHYHORSPHQW86$,'$YDLODEOHDWKWWSVZZZXVDLGJRYVLWHVGHIDXOWƄOHVGRFXPHQWV
USAID-Primer-Blockchain.pdf (accessed 19 November 2018).
Nelson R (1993). National Innovation Systems: A Comparative Analysis. Oxford University Press. United
States.
OECD (2014). General system of royalties opportunities in Colombia and challenges behind the reform. In: OECD
Territorial Reviews: Colombia. OECD Publishing. Paris. Available at https://doi.org/10.1787/9789264224551-7-en.
OECD and WTO (2017). Aid for Trade at a Glance 2017: Promoting Trade, Inclusiveness and Connectivity for
Sustainable Development. Chapter 11. WTO and OECD Publishing. Geneva and Paris. Available at https://
doi.org/10.1787/aid_glance-2017-en.
Open Labware (2018). See https://open-labware.net/ (accessed 20 November 2018).
Ospina DLP (2018). Young and Neet: A disincentive for science, technology and innovation in Colombia?
Ad-Minister  t
Pal P and Ghosh J (2007). Inequality in India: A Survey of Recent Trends. United Nations. New York.
3DXO$-ROOH\&DQG$QWKRQ\$  5HƅHFWLQJWKHSDVWVKDSLQJWKHIXWXUH0DNLQJ$,ZRUNIRULQWHUQDWLRQDO
GHYHORSPHQW 86$,' $YDLODEOH DW KWWSVZZZXVDLGJRYVLWHVGHIDXOWƄOHVGRFXPHQWV$,0/LQ
Development.pdf (accessed 19 November 2018).
Pavitt K (2005). innovation Processes. The Oxford Handbook of Innovation. In: Faberberg J, Mowery DC and
Nelson RR, eds. Oxford University Press. Oxford.
Perkio J (2015). Universal basic income A cornerstone of the new economic order. In: Borgnäs K, Eskelinen T,
Perkiö J, and Warlenius R, eds. The Politics of Ecosocialism. Routledge. New York.
Pi J and Zhang P (2018). Skill-biased technological change and wage inequality in developing countries.
International Review of Economics and Financet
5HLFK5  *,9(3(23/(021(<+RZD8QLYHUVDO%DVLF,QFRPH:RXOG(QG3RYHUW\5HYROXWLRQL]H:RUN
and Remake the World. New York Times Book Review 123(28):1-+.
5RGUÊJXH]*DUFÊD+XLGREUR*  &KLOH*OREDODVWURQRPLFDOSODWIRUPDQGRSSRUWXQLW\IRUGLSORPDF\Science
and Diplomacy. AAAS Centre for Science Diplomacy. June. Available at http://www.sciencediplomacy.org/
perspective/2017/chile-global-astronomical-platform (accessed 16 November 2018).
Romer P (1990). Endogenous technological change. Journal of Political Economy SW 6t
5RVHQ:-  =LSOLQHpV$PELWLRXV0HGLFDO'URQH'HOLYHU\LQ$IULFDMIT Technology Review. 8 June. Available
DW KWWSVZZZWHFKQRORJ\UHYLHZFRPVEORRGIURPWKHVN\]LSOLQHVDPELWLRXVPHGLFDOGURQH
delivery-in-africa/ (accessed 20 November 2018).
Schumpeter J (1950). Capitalism, socialism, and democracy. Harper. New York.
6LPRQLWH7  0RRUHpVODZLVGHDG1RZ:+$7"MIT Technology Review. 13 May.
Singh PV (2015). The start-up revolution: Smart solutions for social good. Governance Now. 1 August.
6WDWH&RXQFLORI&KLQD  'HYHORSPHQW3ODQRQWKH1HZ*HQHUDWLRQRI$UWLƄFLDO,QWHOOLJHQFH$YDLODEOHDWKWWS
ZZZJRYFQ]KHQJFHFRQWHQWFRQWHQWBKWP LQ&KLQHVH  DFFHVVHG-XO\ 
6WUDWHJLF&RXQFLOIRU$,7HFKQRORJ\RI-DSDQ  $UWLƄFLDO,QWHOOLJHQFH7HFKQRORJ\6WUDWHJ\$YDLODEOHDWKWWS
www.nedo.go.jp/content/100865202.pdf (accessed 12 July 2019).

36

The impact of rapid technological change on sustainable development

Subsecretaría de Telecomunicaciones de Chile (2018). Proyecto Fibra Óptica Austral 2017. Available at https://
IRDVXEWHOJREFOSUR\HFWRƄEUDRSWLFDDXVWUDO DFFHVVHG1RYHPEHU 
7KDNXU ' %HFNHUW % %RUWDJDUD\ , %URXZHU 5 )DOFÀR 0 DQG %ULWR /   &KDLQ RI FKDPSLRQV *OREDO
LQHTXDOLWLHV DQG PRELOH SKRQHV ,Q &R]]HQV 6 DQG 7KDNXU ' HGV Innovation and Inequality: Emerging
Technologies in an Unequal World. Edward Elgar Publishing. Northampton.
The Japan Times (2016). Japan to propose basic rules for AI research at G-7 meeting. 15 April. Available
at
https://www.japantimes.co.jp/news/2016/04/15/national/japan-propose-basic-rules-airesearch-g-7meeting/#.Wt7CqS5uaUl (accessed 12 July 2019).
Torres N, Afonso O, and Soares I (2017). Manufacturing skill-biased wage inequality, natural resources and
institutions. Review of Development Economics  (t(
UNCTAD (2014). Transfer of Technology and Knowledge Sharing for Development: Science, Technology
and Innovation Issues for Developing Countries. UNCTAD Current Studies on Science, Technology and
Innovation. Number 8. New York and Geneva.
UNCTAD (2015). Science, Technology and Innovation for Sustainable Urbanization. UNCTAD Current Studies
on Science, Technology, and Innovation. United Nations. New York and Geneva.
UNCTAD (2017a). Information Economy Report 2017: Digitalization, Trade and Development (United Nations
publication. Sales No. E.17.II.D.8. New York and Geneva).
UNCTAD (2017b). The role of Science, Technology and Innovation in Ensuring Food Security by 2030 (United
Nations publication. New York and Geneva).
UNCTAD (2017c). The Least Developed Countries Report 2017: Transformational Energy Access (United
Nations publication. Sales No. E.17.II.D.6. New York and Geneva).
UNCTAD (2017d). New Innovation Approaches to Support the Implementation of the Sustainable Development
Goals (United Nations publication. New York and Geneva).
UNCTAD (2017e). Trade and Development Report 2017: Beyond Austerity – Towards a Global New Deal
(United Nations publication. Sales No. E.17.II.D.5- New York and Geneva).
UNCTAD (2018a). Technology and Innovation Report 2018: Harnessing Frontier Technologies for Sustainable
Development (United Nations publication. Sales No. E.18.II.D.3. New York and Geneva).
81&7$' E %XLOGLQJGLJLWDOFRPSHWHQFLHVWREHQHƄWIURPH[LVWLQJDQGHPHUJLQJWHFKQRORJLHVZLWKD
special focus on gender and youth dimensions. E/CN.16/2018/3. 1 March.
UNCTAD (2019a). Summary of the Workshop on Applying a Gender Lens to Science, Technology and
Innovation. Held on 18 January 2019 in Vienna. See https://unctad.org/meetings/en/SessionalDocuments/
CSTD2018-19_r01_GenderWorkshop_en.pdf (accessed 8 July 2019).
UNCTAD (2019b). Twenty-second session of the United Nations Commission on Science and Technology
for Development. Group discussion on gender perspectives of rapid technological change. See https://
unctad.org/meetings/en/Presentation/enc162019s33_Group2_en.pdf (accessed 8 July 2019).
United Nations Global Pulse (2014). 2014 Annual Report: UN Global Pulse. Available at http://www.
unglobalpulse.org/sites/default/files/Annual%20Report_2014_FINAL-DIGITAL-FOR%20EMAIL_0.pdf
DFFHVVHG}2FWREHU 
United Nations Global Pulse (2015). Data visualisation and interactive mapping to support response to disease
outbreak. Global Pulse Project Series. No. 20. Available at www.unglobalpulse.org/projects/mappinginfectious-diseases (accessed 20 November 2018).

References

37

United Nations Global Pulse (2018). See https://www.unglobalpulse.org/projects/nowcasting-food-prices
(accessed 20 November 2018).
8QLWHG1DWLRQV2IƄFHIRU2XWHU6SDFH$IIDLUV  (XURSHDQ*OREDO1DYLJDWLRQ6DWHOOLWH6\VWHPDQG&RSHUQLFXV
Supporting the Sustainable Development Goals. Building blocks towards the 2030 Agenda. ST/SPACE/71.
Vienna. 29 January.
Van der Have RP and Rubalcaba L (2016). Social innovation research: An emerging area of innovation studies?
Research Policy  t
Wadhwa V with Salkever A (2017). The Driver in the Driverless Car. Berrett-Koehler Publishers. Oakland,
California, United States.
Weart S (2012). The rise of nuclear fear. Harvard University Press. Cambridge, Massachusetts.
Wensing A, Wensing E, and Virgo M (2018). Towards a core curriculum for civic engagement on appropriate
WHFKQRORJ\&KDUDFWHUL]LQJRSWLPL]LQJDQGPRELOL]LQJ\RXWKFRPPXQLW\VHUYLFHOHDUQLQJAfrican Journal of
Science Technology Innovation and Development  t
World Bank (2016). World Development Report 2016: Digital Dividends. Washington, D.C.
World Economic Forum (2016). The Global Information Technology Report 2016: Innovating in the Digital
Economy. Geneva.
:RUOG )RRG 3UL]H   6HH KWWSVZZZZRUOGIRRGSUL]HRUJHQQRPLQDWLRQVQRUPDQBERUODXJBƄHOGB
award/2016_recipient/ (accessed 20 November 2018).
World Food Programme (2017). See https://innovation.wfp.org/project/building-blocks (accessed 20 November
2018).
World Wide Web Foundation (2017). React with gender-responsive ICT policy: The key to connecting the next
} ELOOLRQ $YDLODEOH DW KWWSZHEIRXQGDWLRQRUJGRFV5($&7ZLWK*HQGHU5HVSRQVLYH,&73ROLF\
pdf (accessed 12 November 2018).
=DQ]LEDU&RPPLVVLRQIRU/DQGV  =DQ]LEDU0DSSLQJ,QLWLDWLYH$YDLODEOHDWKWWSZZZ]DQ]LEDUPDSSLQJ
com/ (accessed 20 November 2018).
Zennaro M, Pehrson B and Antoine B (2008). Wireless sensor networks: A great opportunity for researchers in
developing countries. Proceedings of WCITD 2008 Conference. Pretoria, South Africa.
Zwick A (2018). Welcome to the gig economy: Neoliberal industrial relations and the case of Uber. Geojournal.
  t

ISBN 978-92-1-112962-5

Layout and Printing at United Nations, Geneva – 1918634 (E) – January 2020 – 976 – UNCTAD/DTL/STICT/2019/10

