Chapter 8

Infrastructure
Development

8.1	Introduction
This chapter offers a historical perspective on the role infrastructure
plays in the development of Asia and the Pacific. It describes the
evolution of infrastructure across the region from basic facilities
after World War II to modern systems in the new millennium. This
history takes national, regional, and global perspectives on complex
infrastructure developments.
Infrastructure is a precondition for economic development,
and essential for sustainable and inclusive growth. It facilitates
participation in the workforce, the production of goods and services,
and distribution of products to markets, and promotes technological
progress (Chapter 5).
The quantity and quality of infrastructure investment are also
key determinants for improving the lives of people. Access to electricity,
roads and railways to support the movement of people, safe drinking
water, and quality communications are all essential parts of people’s
welfare. Infrastructure helps children to go to school, women to work
outside their homes, and people to stay healthy, and promotes more
social interaction.
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In many Asian countries, infrastructure investment
accelerated from the 1950s to the 1970s, together with the efforts of
industrialization. Both the public and private sectors contributed
significantly to Asia’s infrastructure development over the past
50 years. As a region, developing Asia has consistently invested a much
higher share of gross domestic product (GDP) in infrastructure than
other regions in the world (Chapter 7).1
While there has been much progress in infrastructure
development in Asia, there remain large infrastructure deficits and
differences among countries. In 2017, about 350 million people in
the region were still without electricity, 300 million lacked improved
sources of drinking water, 1.5 billion lacked improved sanitation
facilities, and 1 billion lived more than 2 kilometers from an all-season
road.2 Asia’s contributions to emissions and climate change remain a
concern (Chapter 13).
As public spending on overall infrastructure investment in
Asia and the Pacific is insufficient, the private sector must increasingly
participate to mobilize knowledge, efficiency, and additional funds
for high-quality, bankable projects.
More infrastructure packages are being structured as public–
private partnerships (PPPs). A typical infrastructure PPP is structured
as build–operate–transfer (BOT), where private firms finance and
build the infrastructure, then operate it over a fixed period to generate
returns before transferring ownership to the government. They are not
a panacea to build infrastructure without taxpayer money, but when
PPPs are designed and implemented well, they do open new growth
channels by mobilizing more resources and enabling reforms for
infrastructure development. By drawing on private sector expertise
and skills, PPPs can deliver high-quality construction, operational
performance, and risk-sharing, in addition to financing.
There is now greater international consensus among
governments, the private sector, and development partners on the need
to promote high-quality infrastructure projects that are sustainable,
economically efficient for life-cycle costs, socially and environmentally
1

2

Abiad, A., et al. 2020. The Past and Future Role of Infrastructure in Asia’s Development.
In Susantono, B., D. Park, and S. Tian, eds. Infrastructure Financing in Asia. Singapore:
World Scientific.
Asian Development Bank (ADB). 2017. Meeting Asia’s Infrastructure Needs. Manila; and
World Bank. 2019. Rural Access Index. https://datacatalog.worldbank.org/dataset/ruralaccess-index-rai.
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sound, resilient against natural disasters and climate change, and well
governed to avoid unproductive investments and unsustainable debt.
The focus in this chapter is on the history of infrastructure
development, covering energy in section 8.2, transport in section 8.3,
urban water supply in section 8.4, and telecommunications and
information and communication technology (ICT) in section 8.5.
Section 8.5 also discusses technological evolution in detail as new digital
technologies offer opportunities for enhancing economic development
and people’s lives in the coming years. The chapter covers policy issues,
the roles of the state and the private sector, infrastructure for Asian
connectivity, and meeting Asia’s infrastructure needs.
8.2	Energy
In 1831, electricity became viable for use in technology when Michael
Faraday, an English scientist, demonstrated that mechanical energy can
be converted into electricity through an experiment moving a magnet
in and out of a coil which induced a current. He opened the door for the
Belgian engineer, Floris Nollet, to design a coal-fired generator in 1850.
These engines helped bring electricity to Asia on 25 March 1878, when
an arc lamp was switched on and a telegraph launched at the Imperial
College of Engineering in Toranomon, Tokyo. In 1882, the first Chinese
power plant in Shanghai started providing electricity for business and
residential lighting and later for industrial manufacturing. In 1905, the
first electric streetlight came on in the Krishna Rajendra Market in
Bangalore (now Bengaluru), India, which thus became the first Asian
city with electric streetlights.
Primary energy sources—coal, oil, natural gas, nuclear,
hydropower, wind, solar, geothermal, ocean (tidal, wave, and thermal),
and biomass—can be consumed for electricity and other purposes
such as transport (cars, railways) and heat (space heating or steam
for industries) as final energy consumption. Electricity generation per
capita from 1971 to 2018 grew dramatically (Figure 8.1).
The conversion efficiency and losses during transmission and
distribution determines how much “primary energy consumption” is
available for “final energy consumption” (primary energy consumption
net of conversion efficiency and losses). In the case of electricity, the
conversion efficiency is generally low, only about 35%, on average, for
coal-fired plants. Therefore, improving energy efficiency is an effective
way to meet the growing energy demand.
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Figure 8.1: Electricity Generation Per Capita
in Selected Economies, 1971 and 2018
(kWh/capita)
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kWh = kilowatt-hour, OECD = Organisation for Economic Co-operation and Development.
Note: Per capita electricity generation estimated with Enerdata’s electricity generation data and
World Bank’s population data.
Sources: Enerdata. 2019. Global Energy Statistical Yearbook. https://www.enerdata.net/
publications/world-energy-statistics-supply-and-demand.html; and World Bank.
World Development Indicators. https://data.worldbank.org/ (accessed 29 October 2019).

Asia’s primary and final energy consumption
In the Asia and Pacific region (including Australia, Japan, and New
Zealand), total primary energy consumption increased by 13.5 times
during 1965–2018, while the global primary energy consumption
increased by 3.7 times and that 
of Organisation for Economic
Co-operation and Development (OECD) members doubled. Today,
fossil fuels (coal, oil, and natural gas) remain the dominant primary
source of energy in the world, including in Germany and the United
States (US) (Table 8.1). In Asia and the Pacific, coal is the primary
energy source, followed by oil and natural gas, although the region’s
dependency on fossil fuels decreased somewhat as nuclear and
renewable energy grew. Hydropower had a relatively small, but

Infrastructure Development | 257

stable, share. Emerging renewable energy sources (solar, wind, and
geothermal) remain comparatively small but are growing fast, propelled
by the rapid expansion of wind and solar power. Nuclear energy still
has a smaller share compared with OECD countries.
Along with rapidly growing energy consumption, carbon
dioxide (CO2) emissions have also grown. From 1965 to 2018, worldwide
CO2 emissions tripled, while emissions in Asia and the Pacific grew by
a factor of 12 and the region’s share of worldwide emissions grew from
13% to almost half. Therefore, low-carbon transition through largescale deployment of energy efficiency and renewable energy in Asia
and the Pacific will be crucial to mitigate the global climate change
threat (Chapter 13).
As for final energy consumption by end users, the industry and
residential sectors are the two largest energy consumers in developing
Asia, followed by transport (Table 8.2). Among Asian countries, the
People’s Republic of China (PRC) has an industry dominant energy
consumption pattern. By comparison, transport has a higher share
of final consumption in OECD countries, particularly in the US and
Australia, while the share of industry remains relatively strong in
Germany. In Table 8.2, energy is also used in commercial and public
buildings, agriculture, fisheries, and forestry. “Non-energy use” refers
to oil, coal, and natural gas used primarily for chemical products such
as plastics and fertilizer.
Electricity generation and use
From 1971 to 2018, electricity generation increased 16.5 times in Asia
and the Pacific compared to a threefold increase in OECD countries
and a fivefold increase globally. In 2018, the electricity generation
mix in Asia and the Pacific remained dominated by coal, followed by
hydropower and gas. Electricity generation from emerging renewable
energy is still small, but the growth rate is high. Solar power generation
grew at 66.6% and wind power at 25.1% per year between 2010 and
2018. Coal and natural gas also remain the major fuel for power
generation in OECD countries such as Australia, Germany, Japan, and
the US (Table 8.3).
Over the past 5 decades, Asia and the Pacific made steady
progress in providing residential electricity. In 2017, the electrification
rate in developing Asia reached 91% overall, compared with 67% in
2000, and less than 15% in 1970 in rural areas. Progress in electrification
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significantly improved the quality of life, facilitated community services
such as health and education, and enabled productive use of electricity
for rural populations.
Overall, electricity in Asia and the Pacific saw the evolution of
a different mix of sources; from coal, oil, and hydropower, to natural
gas and nuclear, to emerging renewable energy including wind and
solar. Electricity development in the region can be categorized into
three distinct periods of evolution. First, during the 1950s through
the 1980s, there were large investments starting with hydropower to
an increasing dominance of fossil fuels such as oil and coal. Second,
from the 1990s to the 2000s, energy supply was diversified to large
hydropower plants, natural gas, and nuclear in some countries.
Electricity and other energy consumption increased dramatically. And
third, from the 2010s onward, renewable energy, particularly solar
and wind, was increasingly mainstreamed for electricity generation,
together with improving energy efficiency.
1950s–1980s: From hydropower to the increasing dominance of coal in
electricity generation
Hydropower was among the first utility-scale power plants in Asia.
In Japan, the Keage Hydroelectric Power Station near Kyoto began
operations in 1891, based on a US hydropower project design. Other
Asian economies soon followed, building hydropower plants in India
(1897); Taipei,China (1905); and Nepal (1911). Initially, hydropower
plants were small (about 100 kilowatts [kW] to 1,000 kW) and built
near towns, mainly due to technical limitations in long-distance
transmission. Along with the evolution of electricity transmission
technology, the capacity of hydropower stations grew. Hydropower
maintained a relatively stable share in Asia and the Pacific’s primary
energy mix, with the proportion declining slightly only as other fuel
sources grew faster.
Between the 1950s and 1980s, low-cost, coal-fired power was
considered one of the most economical options to serve baseload
generation capacity. In addition, it needed shorter construction time
compared with hydropower or nuclear plants.
Also, Asia and the Pacific gravitated from oil toward coal
because the region has many coal resources—42% of the world’s
proven reserves. The region’s oil reserves account for just 2.8% of the
global total—most economies import supplies from the Middle East.
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The share of oil for electricity generation peaked at 49% in 1973 as
two rounds of oil crises in the 1970s created an upward spiral of oil
prices. Subsequently, oil use for electricity generation declined as coal
became more competitive and readily available. In 1976, the Asian
Development Bank (ADB) approved its first coal project, a $12 million
loan to the Republic of Korea (ROK) for the rehabilitation and
expansion of existing coal mines. In 1987, the first ADB energy sector
loan of $33 million to the PRC was for the conversion of an oil-fired
power plant of 200 megawatts into a coal-fired power plant. The last
ADB-supported coal project was in 2013 for a supercritical coal-fired
power plant in Jamshoro, Pakistan, as ADB energy operations shifted
toward renewables and energy efficiency.
As Japan was heavily dependent on imported oil for primary
energy and electricity generation, the government responded to the
twin 1970s oil crises by adopting regulations and financial incentives
to encourage energy conservation, particularly in industry, in addition
to a shift to other energy sources. From 1975 to 1985, Japan’s energy
intensity (measured as energy consumption per unit of real GDP on a
purchasing power parity basis) fell by 24%.
During this period, the growth rate of hydropower was slower,
while solar and wind began to be implemented as small pilots—planting
the seeds for future growth. In 1983, the PRC imported 10 kW of solar
photovoltaic (PV) modules from Japan to provide electricity to rural
households in western Gansu Province, one of its earliest solar PV
plants.
Nuclear energy was considered by several countries with
limited local energy resources as a way toward energy self-sufficiency.
The first nuclear power plant in Japan, the Tokai Nuclear Power Plant,
was commissioned in 1966 using British technology, followed by several
light water reactor plants built in cooperation with US companies.
India’s first nuclear power plant, the Tarapur Atomic Power Station in
Maharashtra, was built by US firms and started commercial operation
in 1969. The ROK, now a world leader in nuclear power generation,
commissioned its first plant using US technology in 1978 (by the 1980s,
there were eight more nuclear power reactors under construction).
Developing large-scale power generation and transmission
networks required strong public sector intervention. Electricity
generation and transmission were generally operated by state-owned
enterprises (SOEs) (except in Japan, where there were 10 regional
private power companies). However, while public institutions were
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able to efficiently make large-scale power investments, SOE monopolies
and vertically integrated power utilities had limited capacity to operate
these assets efficiently. Financial and technical performance suffered.
In many developing economies in the region, electricity tariffs were
frequently distorted. In the PRC, the national average tariff was
$0.02 in 1986, well below the long-run marginal cost of supply,
estimated in the range of $0.03–$0.04 per kilowatt-hour. Institutional
reforms were needed to commercialize SOE utilities to improve
efficiency, reduce costs, and ensure tariffs covered production costs.
1990s–2000s: Promoting energy diversification with large hydropower
and natural gas
By 1995, the region’s share in global primary energy consumption
reached about 27%. Coal consumption accounted for 44% of total
energy consumption in the region, much higher than the 26% world
average. During this period, Asian countries started promoting
diversification for electricity generation, including the use of large
hydropower and natural gas.
Technological progress made construction of large-scale dams
technically and economically feasible with multiple functions including
irrigation and flood control. Between 1995 and 2005, hydropower
generation in the region increased by 50%. In the PRC, which faced
severe electricity shortages in the early 1990s, the government decided
to proceed with the Three Gorges Dam Project, the world’s largest
hydropower plant with a capacity of 22.5 gigawatts (GW), including
flood control. The first generating unit began operations in 2003.
However, further hydropower expansion in the region using large dams
and reservoirs was constrained by increasing concerns over potentially
negative social and environmental impact, including resettlement of the
people and the effects on biodiversity. Strict social and environmental
safeguards led to higher costs, which reduced the financial viability of
large hydropower projects.
As power systems became bigger in many countries in the
region, natural gas-fired power plants were needed to meet both
baseload and peaking demand. Natural gas consumption through gas
turbines and combined-cycle gas turbines (CCGTs) is more efficient
than other fossil fuel systems. The generation efficiency of CCGTs
can reach 60% compared with 45% for ultra-supercritical coal power
plants. CO2 emissions from natural gas is about 55% lower than burning
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coal, with much lower emissions of other air pollutants (sulfur dioxide,
nitrogen oxides, and particulates). Natural gas has also been used
increasingly in industries and households as cleaner fuels. From 1995
to 2005, natural gas consumption in the region increased by 92%.
During this time, solar and wind energy began to grow rapidly, though
from a very low base.
As electricity generation capacity grew substantially, the power
grid system was also enhanced. Technological progress—such as higher
voltage and aluminum cables—helped expand transformers’ power by a
factor of 500, while transmission voltages grew 100-fold compared with
early years. These advances led to lower transmission and distribution
losses.3 Rural electrical grids were enhanced and expanded. The region’s
electrification rate reached 74.7% in 1995 and 82.7% in 2005. Since the
1990s, building efficient transmission and distribution lines has been a
priority of ADB support in the energy sector.
During this time, many countries followed Japan’s example
of improving energy efficiency through regulation and financial
incentives. In the PRC, energy intensity fell by 28% during 1995–2005
as more efficient technologies were adopted, mostly on the supply side.
Energy sector reforms in the region accelerated during the
1990s and 2000s, with the objective of finding a balance between
the public and private sector roles—with support from international
financial institutions. From 1990 to 1999, private sector investment
in power occurred in many Asian developing countries, with the PRC,
the Philippines, and Indonesia included in the top five countries
attracting private investment.4
In the Philippines, independent power producers were
established through BOT arrangements in the early 1990s. They helped
the country resolve electricity shortages, but also led to unsustainable
government debt due to guarantees provided to private investors on a
“take-or-pay” basis (the government must pay even if it does not
take the electricity due to low demand). With support from ADB and
other development partners, the Philippines adopted the Electric
Power Industry Reform Act in 2001 to restructure the power sector.
It unbundled generation and transmission companies, introduced
performance-based regulations for transmission and distribution,
and created a wholesale electricity spot market to encourage
3
4

Smil, V. 2017. Energy and Civilization: A History. Cambridge, MA: The MIT Press.
World Bank. 2018. Contribution of Institutional Investors: Private Investment in
Infrastructure 2011–H1 2017. Washington, DC.
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Box 8.1: The Lao People’s Democratic Republic’s
Hydroelectric Project
The Lao People’s Democratic Republic (Lao PDR) has huge hydropower
potential from its river networks and an ambition to become the “battery”
of the Greater Mekong Subregion. To tap its resources, 27 public and
private parties, including the Asian Development Bank and the World
Bank, financed the construction of Nam Theun 2, a 1,070-megawatt
hydroelectric project in 2005. It is the largest cross-border power project
financing so far in the Lao PDR. The project was developed and operated
by the Nam Theun 2 Power Company, which is jointly owned by the
Government of the Lao PDR and electricity companies from Thailand
and France.
The project exemplifies how collaboration among international
financial institutions (IFIs) can attract significant commercial investment.
Of the total $1.3 billion financing, a joint IFI finance package of $217 million
catalyzed about $740 million from international and Thai commercial
banks (the remaining amount of approximately $560 million was financed
by export credit agencies, project sponsor, and partner companies).
The project had benefits on multiple fronts. By developing
hydroelectric resources, the project facilitated electricity exports
(to Thailand), earned foreign exchange, and promoted regional economic
development. As a public–private partnership, it meets economic growth
objectives using private resources and expertise. It also has a regional
development impact by helping Thailand meet its power demand and
diversify power supply to lessen its heavy reliance on natural gas. The
loan agreement includes a provision for using project revenue for poverty
reduction initiatives.
The project included a social development plan for resettling
households affected by land acquisition and managing all social impacts,
including those downstream of the project and affecting ethnic minorities.
The project relocated 1,310 households satisfactorily. All affected
households have restored their livelihoods to pre-project levels, and
those resettled have benefited from new housing, infrastructure, better
educational facilities, and health services. By 2011, resettler incomes had
grown beyond the national rural poverty line on a sustainable basis.
Source: Asian Development Bank. Lao PDR: Nam Theun 2 Hydroelectric Project.
https://www.adb.org/projects/37910-014/main.
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competition from power generation plants. By the end of the 2000s,
financial viability had been restored and the Philippine power sector
had become one of the most extensively privatized in Asia and the
Pacific. In the PRC, the Ministry of Electric Power Industry was
dissolved in 1998, with five competing power generation companies
and two electricity grid companies created in 2002.
2010s to present: Mainstreaming renewables and energy efficiency
In 2018, the Asia and Pacific region became both the largest consumer
of primary energy worldwide (43% of the global total) and the largest
CO2 emitter (49%). Coal remains a significant component of the region’s
primary energy mix. However, the growth of coal consumption in the
region slowed significantly, to 1.9% annually, on average, from 2010 to
2018 after decades of sustained high growth. For example, in the PRC,
the world’s largest coal producer and consumer, coal consumption
peaked in 2013. Hopefully, this marked a clear transition toward more
renewable energy sources and greater energy efficiency.
Japan’s Fukushima nuclear power plant accident (following the
2011 tsunami) led to the immediate shutdown of all operating nuclear
power plants in the country (though several have now restarted). It led
to a drive for greater energy efficiency. The meltdown also considerably
slowed construction of new nuclear plants in the PRC, India, and other
Asian countries.
Due to technological progress and larger markets, solar and
wind electricity generation continues to see massive cost reductions
worldwide. The global weighted average cost for solar PV power
installation fell 74% (from $4,621/kW in 2010 to $1,210/kW in 2018),
and the installation cost for onshore wind power declined nearly 22%
(from $1,913/kW in 2010 to $1,497/kW in 2018).5 As a result, solar and
wind power installation has accelerated across the region.
The adoption of the Sustainable Development Goals and the
2015 Paris Agreement have become key driving forces for Asia and
the Pacific to move toward a new low-carbon energy paradigm. Public
concern over heavy air pollution in Asia’s megacities is also behind
the low-carbon transition. Many countries in the region have explicit
targets for the share of renewables and energy efficiency in their
nationally determined contributions under the United Nations (UN)
5

International Renewable Energy (IRENA). 2019. Renewable Power Generation Costs in 2018.
Abu Dhabi. https://www.irena.org/Statistics/View-Data-by-Topic/Costs/Global-Trends.
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Framework Convention on Climate Change—seven countries in the
Pacific have committed to achieving 100% renewable electricity
generation.6
Renewable energy received policy support from, for example,
feed-in tariffs (a guarantee of fixed electricity prices for renewable
energy producers paid by governments) and a renewable energy
purchase obligation, known as Renewable Portfolio Standard, along
with capital subsidies. In 2018, the region had 56% of global solar
installed capacity, 42% hydropower, and 40% wind.7
Along with progress in renewable energy, energy efficiency in
the region is increasingly considered the “first fuel”—limiting demand
growth instead of increasing energy supply. In 2012, India launched
a “Perform, Achieve, Trade” (PAT) scheme—a market-based trading
scheme to improve industrial energy efficiency by trading energy
efficiency certificates in India’s most energy-intensive sectors. In the
PRC, its Energy Conservation Law mandated energy efficiency labels
for electric appliances, with five stars for the most energy-efficient
appliances. Estimates show that sales of these saved 10 terawatthours of electricity in 2017 (equivalent to 3 million households’ annual
consumption). Energy intensity has also been significantly reduced.
ADB supports renewable energy, whether solar, wind,
hydropower, or geothermal. In May 2010, it launched its Asia Solar
Energy Initiative (ASEI) to assist in identifying, developing, and
implementing 3.0 GW of solar power within 3 years across the region.
ASEI reached 3.8 GW by 2014. Between 2011 and 2018, ADB supported
11.6 GW of renewable energy installation.
Over the past decade, Asia has made further progress in rural
electrification, with Central Asia and South Asia increasing access
rates from 75% in 2010 to 91% in 2017. India has done particularly
well. Between 2010 and 2016, India expanded electricity access to
an additional 210 million people—by 2017, 87% of the population
had access to electricity.8 ADB has been supporting the “Energy for
All initiative,” which includes off-grid solar power systems in remote
Pacific island countries.

6
7

8

The Cook Islands, Fiji, Niue, Papua New Guinea, Samoa, Tuvalu, and Vanuatu.
IRENA. 2019. Renewable Power Generation Costs in 2018. Abu Dhabi. https://www.irena
.org/Statistics/View-Data-by-Topic/Costs/Global-Trends.
International Energy Agency. 2018. World Energy Outlook 2018. Paris.
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From the initial phase of public sector reforms, the power sector
increasingly turned to markets and private investment and ownership,
helped by the creation of new regulatory frameworks. Competition
was introduced at each segment of the electricity market, and subsidies
were gradually removed to ensure efficiency and sustainability.
For example, by 2010, all of India’s state power monopolies were
unbundled into generation, transmission, and distribution companies,
regulated by independent state energy regulatory commissions.
In Japan, the retail electricity market was fully liberalized in 2015.
All electricity consumers, including households, are now able to choose
the electricity supplier they prefer based on price and power source.
Future trends: Technology innovations for sustainability
Achieving universal energy access and expanding renewable energy
remain the region’s energy priorities. In Asia and the Pacific in 2017,
350 million people—including 168 million in India, 52 million in
Pakistan, 33 million in Bangladesh, and 14 million in Indonesia—still
lacked access to electricity, most in remote mountainous areas or
islands. The challenge for developing Asia is to deal with the “energy
trilemma,” making energy available, affordable, and clean. The region
must achieve these three goals simultaneously.
The trilemma can only be resolved by deploying new, advanced
technologies such as renewable mini-grids with battery storage, smart
grids to integrate more renewable energy, and ocean energy (tidal, wave,
and thermal energy from oceans). Power networks will be improved
by installing energy storage systems for renewable energy integration.
Carbon capture and storage technology holds the potential to reduce
carbon emissions from the existing systems still using fossil fuels.
Hydrogen produced by renewable energy can be used for automobiles
as well as for energy storage.
To reach the last miles of rural electrification, off-grid solutions
using solar, wind, and small hydropower units may be the answer.
ADB and other multilateral development banks are actively supporting
Pacific island countries with these technologies.
The energy sector can also benefit from artificial intelligence
(AI) and digital technologies. AI can transform cities into smart cities,
and within cities, make buildings and transport systems “intelligent.”
Hence, they use the minimum amount of energy for the same level of
comfort, mobility, and services. These “smart” cities use innovative
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business models and demand-response technologies to improve
the energy efficiency of heating and cooling systems using smart
thermostats. Also, vehicle-to-grid (V2G) systems will be developed
to optimize the mobility, use, and production of electricity by turning
electric cars into “virtual power plants.”
The new wave of energy sector reforms should reorient the
private sector and markets toward low-carbon solutions. With the
significant decline in renewable energy costs, most investment will
come from private investors and commercial funding, while public
sector subsidies for wind and solar through feed-in tariffs will be
gradually phased out. The future of renewable energy depends on its
market maturity and cost competitiveness compared with conventional
sources. Appropriate carbon pricing and regulations can effectively
scale up the use of technological innovation. Policy makers, regulators,
investors, financiers, and other stakeholders across the region must
also innovate their business models, financing instruments, and
procurement methods.
8.3 Transport
The transport sector has always played a dominant role in supporting
economic growth. It aids development and provides access to
employment, education, and social services. National network
development has primarily focused on roads and railways. Investments
in other modes, such as aviation and shipping, have enhanced
regional connectivity, with airport and port development supporting
international trade. Urban transport has also required considerable
investment to support rapidly urbanizing populations across the region.
This section focuses on changes in long-distance, land-based transport
infrastructure as well as development of urban transport.
Since 1950, there has been a marked shift from rail- to roadbased transportation across Asia (Figure 8.2). In almost all countries,
the length of rail networks (per million people) fell by approximately
half over the 50 years covered due to a decrease in railway kilometers
combined with an increase in population. The notable exception is
the PRC, which continued to invest in its rail network. By contrast,
the growth of road network length per million people doubled or even
quadrupled over the same period.
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Figure 8.2: Transport Infrastructure Stock, 1965 and 2014
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The fundamental shift from railways to roads, along with rapid
motorization, happened simultaneously in many countries (Figure 8.3).
Vehicle ownership has increased across developing Asia since 2000,
especially in countries with rapidly growing economies such as the
PRC, India, and Indonesia.
There were several distinct periods that defined the shift in
type and dominance of transport mode as well as government priorities,
policies, and development plans. They can roughly be categorized as
the postwar years up to the 1970s, the road boom years of the 1980s and
1990s, the emergence of congestion in the 2000s, and a more balanced
approach to transport infrastructure during the 2010s.
While countries vary due to their respective stages in
economic development and wealth, the overall pattern of transport
infrastructure prioritization still holds. It often starts with a neglect of
the traditional long-distance modes such as rail and water transport,
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Figure 8.3: Vehicle Registration, Selected Asian Economies
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and the dominance of investment and support for road-based transport.
However, more recently, congestion and the need to mitigate carbon
emissions led to a resurgence of attention to the technological potential
of railways, including high-speed trains, metros, and other urban
railway systems. Many countries are now pursuing development of a
more balanced multimodal transport system.
1950–1970s: Emergence from World War II
Asia and the Pacific went through several fundamental changes from
1950 into the 1970s. Many former colonies inherited their colonial-era
transport infrastructure and institutions, especially railways. Some
of the largest government agencies were railway authorities—such as
Indian Railways. SOEs played an important role. Also, independence
and the redrawing of national boundaries brought changes, as some rail
networks and operating services were split between countries.
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Japan’s first railway was built between Tokyo and Yokohama in
1872 based on British technology. The country began heavily investing
in railway systems, increasingly based on its own technology. The first
subway in Tokyo was launched in 1927. The first high-speed train began
operations between Tokyo and Osaka in 1964. Investment in roads
and highways was far behind the West in the early postwar period.
Germany had the autobahn in the 1930s, and the US began building
its interstate highway system in the 1950s. Japan’s first expressway
opened in 1963 with the help of the World Bank.
In much of developing Asia, the 1950s to 1970s saw early
road network development, often supported through international
assistance, such as the Seoul–Incheon Expressway in 1968, ADB’s
third loan after it was founded in 1966. In the 1950s and 1960s, most
countries in the region had few private vehicles, often US or German
made, almost exclusively owned by the rich.
That changed when Asia’s car manufacturing began reaching
industrial scale in the late 1960s. The Japanese automobile industry
became a dominant force in vehicle sales during the 1980s and 1990s,
exporting many vehicles across the region. This expanded private
vehicle ownership in the region, creating demand for new and better
roads. Also, Asia is distinct due to its widespread use of motorcycles
and three-wheeled vehicles. In 2018, Asia accounted for some 80% of
motorcycle ownership worldwide. A variety of three-wheeled vehicles
are used as private vehicles, small taxis, or delivery vehicles.
During the 1950s–1970s, a fledgling trucking industry started,
taking advantage of the emergence of new highways and their wider
coverage relative to limited fixed rail or river transport routes.
Governments were also focused on expanding roads, which made
cars and trucks the dominant mode of transport. Programs addressed
missing road links, added bridges, and extended road networks
generally. Many governments prioritized improving transportation
networks and reducing travel time, with road access seen as the best
way to support economic growth and development.
During the 1950s and 1960s, many railroad networks suffered
from political neglect, leading to a deterioration of service and
operations. In the 1970s, railways fell into a period of significant
underinvestment—which led to a vicious spiral of decline as less
financial support reduced service quality, which then lowered demand,
requiring more subsidies. Therefore, there was much less support
within governments for railway investment especially when the road
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network was expanding. One notable example was the Philippines,
where the length of railways decreased from 797 kilometers (km) at its
peak to 28 km due to natural disasters, underinvestment, and reduced
frequency of operations combined with more road construction and
bus services. As a result, railways became a poor option for moving
between cities and commuting within urban areas.
1980s–1990s: The road boom years
During the 1980s–1990s, roads solidified their place as the dominant
mode of transport across Asia. As economies grew rapidly, the demand
for travel and shipment of goods increased. Many Asian countries
undertook dramatic investment programs during this period, as their
financial resources and budgets grew. Malaysia started an expressway
network that greatly improved connectivity and supported growth. All
newly industrialized economies invested heavily in the road subsector.
Economies such as Malaysia; the ROK; and Taipei,China
began embracing PPPs to expand their road networks. The North–
South Expressway in Malaysia—which runs from the Thai border
to Singapore—adopted a BOT approach and is one of the most wellknown examples. The Philippines also has had long experience
with PPPs, since it introduced a BOT law in 1991, and now boasts
several expressways that were completed on time and within budget.
The PRC began massive investment during this period to develop
national expressway networks and introduced toll roads as well as
corporatized road services and construction.
Japan’s high-speed railways started to change the perception
of railways in many developed countries. However, the rest of Asia
continued to allow rail networks and services to decline during
the period. Some institutional changes, such as commercializing
SOEs, occurred in the rail subsector to address the decline and poor
performance. In many cases, however, they did not go as far as required
in terms of operational and institutional reforms—and, as a result,
were not so successful. Japan also saw a decline in demand and level
of services on their traditional railways. In 1987, the Japanese National
Railways was broken up into six entities and privatized, which offered
the opportunity to terminate loss-making routes, and induce incentives
for better services.
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2000s: Wide-scale congestion appears
Government support to the road subsector and the development of
Asian car industries, coupled with economic growth, allowed many
more people to buy private vehicles. In Asian developing countries,
congestion began to appear in urban areas, with some experiencing
acute congestion in the 1990s. Large-scale congestion in major road
networks started in the 2000s, as these expanded networks were
unable to keep pace with the increase in vehicle ownership and use.
Vehicle pollution has also become a serious problem in many areas.
Since the UN Earth Summit in 1992, reducing carbon emissions has
become a priority. This led to a rethink in investment priorities and the
emergence of a more balanced approach to transport investments.
During this period, a shift began toward a new age of railways
in some developing economies. The PRC; the ROK; and Taipei,China
started to show interest in modern railway systems, beginning to deploy
high-speed rail systems (Figure 8.4). Launching these new systems
triggered a broad revival of railways across Asia.

Figure 8.4: High-Speed Rail Activity in Key Regions, 2000–2016
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2010s: Pursuing a more balanced approach
The 2010s saw a much more balanced approach to transportation
system investment and operations. Road investments no longer
dominated, while investment in railways continued to grow. New
railway opportunities also emerged during this period. Many Asian
countries, such as India and Bangladesh, started to heavily invest in
railways. Strong growth and development throughout Asia, along
with the growing problems of traffic congestion, air pollution, and the
impact on climate change, brought the need for more efficient freight
and public transport services.
In 2013, China Railway was established as an SOE to operate
more commercially, replacing direct management by the railway
ministry. International organizations often support railway subsector
reform and network development projects. In 2019, ADB committed
its largest project loan ($2.75 billion) for the Malolos–Clark railway
(51.2 km from Malolos to Clark and Clark International Airport,
and 1.9 km connecting Solis and Blumentritt stations in the City of
Manila) in the Philippines. As part of expanding regional cooperation
and integration, railways are now also important for cross-border
connectivity.
The development of urban transport
Some cities in developing Asia, including in India, the Philippines,
the PRC, the ROK, and others, had trams or suburban railway
systems even before World War II. Nonetheless, most activities,
such as employment opportunities, were limited to around 3–4 km
of the home, a distance that could comfortably be traveled on foot or
by bicycle.
Rapidly urbanizing populations began to place immense
pressure on cities to address increasing travel demand. The combination
of motorization and urbanization resulted in severe congestion,
aside from deteriorating air quality from vehicle emissions. Some
cities attempted to build their way out of congestion with elevated
expressways and grade-separated junctions aimed to accommodate
the growing number of private vehicles, but any new capacity was soon
occupied by the ever-growing number of cars.
Since the turn of the 21st century, there has been a significant
increase in investments in public transport such as metros and buses.
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Asia’s megacities now lead the world in subway networks, with four
of the longest—which carry the most passengers of systems
worldwide—in Beijing, Shanghai, Seoul, and Tokyo. Metros are now
being constructed in many cities in Asia. Georgia, Kazakhstan, and
Uzbekistan had subway systems from the Soviet period and are
investing to modernize and expand them.
ADB has been supporting urban public transport in such areas:
subways (in Bangladesh, Georgia, India, Thailand, and Viet Nam);
bus rapid transit systems (in the Lao People’s Democratic Republic,
Pakistan, and the PRC), and integrated multimodal transport
(in Mongolia, Nepal, and Sri Lanka).
Future trends: Safety, sustainability, and technology innovations
The ongoing dramatic increase in vehicle ownership across much of
Asia, together with better road networks, has given new mobility to a
large part of the population, and has reduced travel times and freight
costs. But congestion remains, or is even increasing, in many Asian
urban areas.
Worsening road safety has also attracted more attention.
Road traffic crashes are now the leading cause of death for those aged
5–29 years worldwide. Asia accounts for 53% of worldwide traffic
accident fatalities.9 Countries are now investing more in road safety
through road structures such as guardrails, barriers, and pedestrian
crossings. Regulations on speed and drunk driving are being enforced
more than before. Car vehicle standards, including seatbelts and airbags,
are now mandatory. And emergency response and postaccident medical
care are better and increasingly available. Within the road subsector,
there is also increasing attention paid to operating and maintaining
existing road assets efficiently.
Transport infrastructure and operations will continue
to require investment in both new and existing assets, with new
technologies playing an increasingly important role. Large datasets
will enable system operators to manage transport networks, share
information, and enhance traffic control centers. Travel applications
and car-share schemes will allow users to make better informed travel
decisions and maximize use of available infrastructure options. In
Guizhou Province in the PRC, ADB is supporting advanced technology
9

World Health Organization. 2018. Global Status Report on Road Safety. Paris.
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use for Intelligent Transport Systems, such as vehicle-to-vehicle and
vehicle-to-infrastructure communication, to improve traffic flow as
well as road safety.
Over the next 20–40 years, the sector could see wholesale
decarbonization. Electric vehicles (e-vehicles) will most likely replace
combustion engines over time, which is starting to happen and most
of the change has been in Asia. The future of mobility solutions may
not be traditional, with the sector using new technologies and better
institutions.
8.4 Urban water supply
Adequate water supply has been the mainstay of every city from
the earliest civilizations. Before the development of engineered
water systems, people got their water supply directly from rivers,
lakes, springs, underground sources, and rainwater, among others.
These sources varied depending on topography and local climatic
and hydrological conditions. For instance, atoll and small island
settlements in the Pacific rely heavily on rainwater due to limited
groundwater supply. The development of urban water systems in Asia
and the Pacific has been an interesting journey from the basic aqueduct
systems of the Indus Valley Civilization in South Asia around 3000 BC,
to the development of engineered gravity and mechanized bulk water
supply systems, to the emergence of today’s digital technology water
management systems.
The development of urban water supply over the past 50 years
in many Asian developing countries initially involved management
transition from colonial to national and local government systems.
From the 1980s to the present, inefficient management and high
utility losses led to the establishment of ways to involve the private
sector in management to address these inefficiencies. Moreover,
rapid urbanization required better responses using technological and
management innovations to an ever-increasing demand for water in
both major urban centers and secondary cities and towns.
Pre-1960s: Legacy of colonial urban water supply systems
Urban water systems were infrastructure intensive, featuring
engineered reservoirs, piped transmission, and distribution networks.
These early systems included one in London in 1822, which used
steam engines to pump water from the River Thames onto a 60-foot-
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Figure 8.5: Proportion of Population with Access to Safely Managed
Piped and Non-Piped Water in Selected Asian Economies
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high tower, which used gravity to distribute to communities. This was
followed by the development of extensive city water supply networks
using cast iron materials that allowed piped water connections to
buildings. In the late 19th century, the development of microbiology
led to chemical disinfection of drinking water using chlorination and
later ozone.
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These gravity systems were replicated starting from the 1850s
in Asian cities—such as Calcutta (now Kolkata) in 1870 and Singapore
between 1878 and 1928 under British rule. Other colonial water
systems were built by the Spaniards in Manila in 1882, the Dutch in
Jakarta between 1870 and 1920, and the French in Phnom Penh in 1895.
In former Soviet republics, the first water supply system was developed
in St. Petersburg in 1846 and later replicated in Central Asia. In Pacific
island developing countries, conventional systems included rainwater
collection and groundwater. They also used evaporative desalination
facilities during droughts.
In the PRC, the Grand Canal—built by the Sui Dynasty in
the sixth century for transportation between Beijing in the north
and Hangzhou in the south—was also used for drinking water.
Early water supply systems progressively expanded by establishing
village-based water management systems and eventually supply
to meet 20th century industrial demand. Tokyo completed its first
modern water supply system in 1911, increasing capacity and coverage
through purification plants and iron pipes, which replaced 19th century
aqueducts, deep wells, and water vendors.
1960s–1980: Transition to decentralized and local water utility management
After independence, many countries transferred urban water supply
management to national or provincial governments, or to local water
utilities. This was mainly to continuously operate and later expand
these colonial water systems to service demand from growing urban
populations. At that time, systems were designed and built without
much thought given to operation and maintenance. By 1975, the urban
population in Asia and the Pacific had reached more than 670 million,
more than double the urban population 20 years earlier.10 Many cities
were unable to keep up with the water supply demands of new residents.
Some cities that overcame these challenges were supported by
central governments with better policy, management, and technological
solutions. Singapore, for example, has done well since independence in
1965 by reducing its water supply reliance on outside sources. The citystate successfully strengthened its internal water capacity and expanded
its system into “Four National Taps” (local catchment water, reclaimed
wastewater, desalinated water, and imported water). It used systematic
10

United Nations Framework Convention on Climate Change. 2015. Adoption of the Paris
Agreement. Paris.
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planning, committed leadership, interagency efforts, and consistent
investment.11
In Tokyo, World War II devastated water supply systems
and resources, leaving nonrevenue water (NRW) as high as 80%.12
A series of dam and water treatment projects helped the city’s water
supply recover swiftly. More efficient management brought Tokyo’s
NRW down to 22% by 1960, with massive investments in water supply
infrastructure. Today, Tokyo has one of the lowest NRW rates in the
world (3.8%).13 Tokyo and Singapore served as models for water utility
management reform in many cities in the region.
1980–today: Global trends and institutional reform
Involving the private sector through PPPs to reform urban water
services in developing countries gained ground during the 1990s—they
would help solve inefficiencies in operating and managing governmentrun water utility systems. In the Philippines, two successful PPPs
in Metro Manila in the 1990s provided continuous water supply to
millions of households.
More recently, there has been a shift in thinking from
privatization to corporatization of publicly owned water utilities. This
reform strategy became common as cities in many developing countries
often resisted privatization. Aside from the idea that water supply is
a basic public service that includes safety and security, many believed
water tariffs would rise beyond the capacity of customers to pay.
Many private companies shied away from investing in water utilities,
as they found them unprofitable given regulatory environments that
made cost recovery difficult.
Corporatization was designed to reform the institutional
structure of public water utilities. It would make them financially
efficient and perform better using advanced management systems,
technologies, and operational practices from private companies, while
the government oversees customer welfare. The structure is also seen
as a useful strategy as water utility management advances with more
sophisticated technology.
11
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Tortajada, C., Y. Joshi, and A. K. Biswas. 2013. The Singapore Water Story: Sustainable
Development in an Urban City State. London: Routledge.
Nonrevenue water is the percentage of non-billed water against total water supplied to
customers.
Japan International Cooperation Agency. 2018. Water Supply: The Foundation for Previous
Lives and Livelihoods, Safe Water for All. Tokyo.
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Box 8.2: Reforming the Dhaka Water Supply
and Sewerage Authority
The Dhaka Water Supply and Sewerage Authority (DWASA) was
established in 1963 with a mandate to manage water supply and sewerage
in the Bangladesh capital. The WASA Act of 1996 began a corporatization
process that ultimately professionalized DWASA and made it profitable.
DWASA had substantial water losses and poor service delivery until
about 2008. Physical losses due to leakage from pipes were over 50%
and collection efficiency (percentage of water bills collected) was just
62%. A Turnaround Program in 2009–2010 was supported by an Asian
Development Bank project. When completed in 2016, about 5.44 million
people had continuous potable water supply from taps without requiring
further treatment, with pressure sufficient for two-story houses.
The turnaround was anchored on infrastructure investments and
policy reforms combined with visionary leadership, technical innovation,
social inclusion (by supplying potable water to informal settlements), and
a strong focus on public education programs and civil society involvement.
In 2018, overall nonrevenue water in Dhaka had fallen to 20%, with
levels of less than 10% in established District Metering Areas in project
areas. Collection efficiency reached 97.5%, with continuous pressurized
water supplied to all customers. DWASA’s success story has been closely
followed by its South Asian neighbors and has served as a role model for
other water utilities in the region.
Sources: Asian Development Bank. 2016. Dhaka Water Supply Network Improvement Project.
Manila; and DWASA. 2019. https://dwasa.org.bd/.

Dhaka in Bangladesh and Phnom Penh in Cambodia have
turned low-performing institutions and inefficient systems into highperforming and profitable water utilities through corporatization.
They have become models for other water utility reform initiatives
in the region. Measures involved capital investments and adopting
appropriate technical innovations, along with sustained programs
for NRW management. These combined institutional reforms and
capacity building through staff training, customer orientation, and
public awareness campaigns for demand management and water
conservation (Box 8.2).
Ever-increasing global water demand has spawned numerous
frameworks and global actions. In 1977, a UN conference stated that
“all people have the right to have access to drinking water in quantity
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and quality equal to their basic needs.”14 This triggered the launch of
the 1981–1990 International Drinking Water Supply and Sanitation
Decade. When it ended, about 700 million additional people were
estimated to have access to drinking water and 500 million with
access to sanitation. However, rapid population increases in many
developing countries in the region precluded reaching 100% coverage.
The Millennium Development Goals and Sustainable Development
Goals also specifically target water supply. Yet, as of 2017, around
300 million people in Asia and the Pacific still did not have access to
safe sources of drinking water.15
Future trends: Integrated solutions for a water-secure future
Approximately one-third of countries globally have medium or high
levels of water stress—meaning groundwater is scarce—with many
in Central Asia and South Asia. High groundwater dependency and
unsustainable extraction are major concerns. In fact, of the world’s
15 largest groundwater users, seven are in Asia and the Pacific.16
Managing water resources more carefully and balancing competing
demand from domestic, irrigation, and industrial use have become a
priority. In addition, with rapid urbanization, the demand for clean and
safe water supply will continue to rise significantly.
Water supply continues to be a challenge in many cities. In
some, distribution networks extended to new areas overstretch the
designed system capacity, resulting in intermittent water supply and
increased contamination risks. Many Asian cities commonly experience
high water loss in distribution networks that increase costs (to pump
additional water), lower revenues, and reduce financial sustainability.
Fixing these issues requires improved governance by top management
and applying specific technologies—such as advanced leak detection
and network management systems ranging from forming District
Metering Areas to applying pressure management techniques.
Using advanced technology has always been crucial for
improving urban water service efficiency, such as geographic
information systems to support water utility asset management. Smart
networks and metering technologies are now widely used by advanced
14

15
16

Bays, L. 1994. Short Overview of Water Supply Situations in the World, Water Philippines
’94. Technical Papers, 9th IWSA-ASPAC Regional Conference and Exhibition. Manila:
Philippine Water Works Association.
ADB. 2017. Meeting Asia’s Infrastructure Needs. Manila.
ADB. 2016. Dhaka Water Supply Network Improvement Project. Manila.
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water utilities such as Arisu in Seoul, one of the most well-managed
water utilities in Asia.17
Governments, the private sector, and development partners
all have a role in financing water infrastructure. And the sector must
be integrated with bulk water supply, wastewater management, flood
risk management, solid waste management, source protection, and
integrated water resources and drought management. Governments
are also expected to play a critical role in creating an enabling
ecosystem of appropriate policies, regulations, and taxes—including
environmental charges.
8.5 Telecommunications and information and communication technology
Electrical telecommunications systems began in the 19th century,
starting with Samuel Morse’s telegraph in 1837. It was followed by
the telephone, radio, and television. Radio, invented in the 1890s,
was widely used as a one-way broadcast technology after the 1920s.
Television broadcasting was invented in the 1920s and became widely
commercialized in the 1950s. Beginning in the late 1950s, satellite
communications were developed after the Soviet Union’s 1957 Sputnik
satellite launch—from what is now Kazakhstan. By the end of the
1970s, satellites allowed voice and video broadcasts to reach living
rooms across the world. The internet made data more accessible from
the late 1980s, and by the mid-1990s, the World Wide Web let people
communicate across global networks more easily and inexpensively.
Each of these new technologies opened new development
opportunities. The telephone allowed people to stay connected over
long distances, and improved access to health care and commerce,
among others. The internet also enabled digital learning, e-commerce,
and online employment. The digital infrastructure and investments
require appropriate government policy and regional cooperation. The
private sector rapidly commercialized these new technologies, and
government regulation followed to maintain competition and ensure
benefits reached the broader population.
Asia and the Pacific adopted telecommunications and ICT both
as an input for development and as an outcome of economic prosperity.
Until the 1960s, the region had limited telecommunications capability.
But from then onward, wider telecommunications use and later, ICT,
17

Seoul Metropolitan Government. 2017. Seoul Tap Water Arisu. Seoul. http://susa.or.kr/en/
files/seoul-tap-water-arisu-englishpdf?ckattempt=1.
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developed rapidly. This section discusses infrastructure development
for telephones, computing, and for internet use. This chapter
complements the broader description of technological innovation in
Chapter 5.
Telephone infrastructure
Alexander Graham Bell invented the telephone in 1876. Service
expanded rapidly, but the need for dedicated wiring infrastructure
limited growth to mostly urban and high-income areas. Those without
household landlines could use public phones or travel to the nearest
town to find service. Japan had its first telephone service in 1890
and, by the mid-1960s, had 15 telephones per 100 inhabitants,
compared with the US (the global leader) with 52 and Australia
with 27. Meanwhile, India had only 2 telephones per 1,000 inhabitants.
Early telephone service was based on fixed-line analog
infrastructure that was expensive to lay out and maintain, with
limited speed and data transmission rates. Typical telephone service
was delivered through SOEs or regulated monopolies given the heavy
infrastructure investment required. This limited opportunities for
effective competition, similar to power infrastructure.
Asian economies rapidly developed fixed telephone
infrastructure in the 1960s and continued to expand through the
mid-2000s, when mobile phones became widely available (Figures 8.6
and 8.7). In Japan, fixed phone service peaked at 52 lines per 100
inhabitants in 1997, while in the PRC, it peaked at 28 lines per 100
inhabitants in 2006. In India, it reached 4.4 lines per 100 inhabitants
in 2005.
The mobile phone was invented in the US by Motorola in 1973.
This analog mobile phone service was expensive and not widely used.
By the 1990s, however, mobile phones became widely available given
advances in semiconductor technology and the development of digital
wireless networking. This increased both speed and accuracy. In 1999,
the Nippon Telegraph and Telephone Corporation (NTT) was the first
provider globally to offer full mobile internet service. High-speed 3G
services became available in Japan in 2001 and in the ROK a year later.
The transition to mobile phones brought a change in regulatory
structure in most countries. As mobile networks do not require fixed
lines, they could support multiple competitors. Most countries in Asia
today have two or more private mobile operators. However, regulations
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Figure 8.6: Fixed Telephone Subscriptions per 100 Inhabitants
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are still needed to encourage greater use in some rural areas as
investment in cell towers is not profitable given low user density
and lower incomes. ADB and other development agencies funded
submarine fiber-optic cables across Pacific island countries, as well
as communications projects to remote areas using satellites, to enable
access for underserved populations.
Apple launched its iPhone in 2007, starting the smartphone
era. It was a fundamental advance by combining a handheld computer
with broadband internet, featuring a large display, global positioning
system (GPS) capability, integrated camera, and touch-screen user
interface. While Apple has focused on high-end phones, ROK and PRC
companies now lead in overall sales, including low-cost smartphones
for developing countries. Since 2010, the ROK’s Samsung Electronics
has been the global sales leader, with PRC manufacturers following.
The availability of low-cost mobile phones spread use phenomenally,
today reaching most of the population worldwide (Figure 8.7).
For example, India, after failing to reach even five fixed-landline
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Figure 8.7: Mobile Telephone Subscriptions per 100 Inhabitants
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subscriptions per 100 inhabitants, grew from 0 in 2000 to 87 mobile
subscriptions per 100 inhabitants in 2017. The smartphone has become
the default communication device for most of the world’s population.
Widespread smartphone use has opened new opportunities for
development purposes, including in health, education, employment,
social services, and finance. They can be used by farmers for pricing
and weather forecasts. Students can access online courses. Digital
finance can be used for payments, remittances, and other financial
services. Smartphones also allow access to digital medical records,
remote diagnoses, and online access to doctors and nurses.
Computing and internet infrastructure
The transistor, invented in the 1940s, and the integrated circuit,
invented in the 1950s, helped develop digital computers. The modern
semiconductor industry began in the US in the 1970s when advances
in computer chip manufacturing allowed miniaturization, mass
production, and increased processing speed. Japanese firms became
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leaders in the industry in the 1980s. The Nippon Electric Company
(NEC) invented the first digital signal processor in 1980, speeding up
communications equipment by converting analog signals to digital
format. TSMC, founded in Taipei,China in 1987, became an early
leader in commercial semiconductor manufacturing, called foundry
services, where the manufacturing process is standardized to support
different component designs. The ROK has also become a leader
in semiconductor manufacturing since the mid-1990s by focusing
on components for mobile phones and smartphones. Government
support for research and development as well as regulatory policies for
intellectual property were important in fostering Asian leadership in
the industry.
Advances in semiconductor technology rapidly increased
computing speeds beginning in the 1970s. Moore’s Law, coined in 1965
by Gordon Moore, cofounder of Intel Corporation, predicted that the
number of components in an integrated circuit would double every
18 to 24 months. This held true for over 40 years, with components
increasing by 1 million times because of the reduction in component
size. This increased processing speed and reduced the processing power
required. This exponential increase in performance was one of the most
fundamental drivers of new technology, as semiconductors became the
foundation for all communications and computing infrastructure.
As performance grew, desktop computers became widely
available in the 1990s. Portable laptops followed later in the decade,
becoming essential infrastructure for businesses and households by the
mid-2000s.
In 1969, the precursor to the modern internet, called ARPANET,
was activated by US researchers, supported by the Defense Advanced
Research Projects Agency (DARPA). They were interested in developing
communication technology (more flexible and decentralized compared
with previous technologies) to connect universities and research labs
globally. In 1973, several institutions in Australia and Japan were
connected to the ARPANET. It was in the late 1980s when the modern
internet age was born, i.e., when Tim Berners-Lee at the European
Organization for Nuclear Research (CERN) created a system known
as the World Wide Web—a combination of the first web browser
and hypertext markup language (HTML). In 1994, the free Netscape
browser began the internet revolution and the “Dotcom Boom” in
Silicon Valley. Amazon launched its e-commerce service in 1994,
Google began its internet search service in 1998, and Facebook started
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its online social network in 2003. Google and Facebook also pioneered
internet advertising as a business model to monetize their free online
services.
Based on free services and growing internet access, Google and
Facebook quickly became the dominant platforms across Asia—with
over 80% market share in search and social networking outside the
PRC. The PRC developed its own versions of most services, with Alibaba
launching e-commerce in 1999, Baidu starting its internet search engine
in 2000, and Tencent beginning the WeChat social network in 2000.
The internet’s explosive rise required a massive increase in
global data centers connected by fiber-optic cables—a new form of
basic infrastructure. Since the mid-2000s, cloud computing has evolved
as a new form of computing infrastructure. Cloud computing enables
companies to build digital services without deploying on-site hardware,
but rather rent services based on usage. This has dramatically reduced
the cost of computing infrastructure and enables new digital services
to be launched with minimal up-front investment. ADB has supported
development of cloud-based banking services to provide financial
services to underserved populations where traditional financial
infrastructure is not economically feasible.
By 2018, more than 50% of the world’s population had internet
access, mostly via smartphones, making it the default platform for
digital services (Figure 8.8). In India, internet access reached almost
50% of the population by early 2019, based on the availability of
low-cost smartphones and wireless broadband service.
In Asia, there is a rapid expansion of the digital economy.
In the PRC, Tencent’s WeChat app includes the world’s largest digital
payments service and is so widely used that many merchants no longer
accept cash. Southeast Asia has launched two digital economy leaders,
Grab, which was started in Malaysia and is now located in Singapore,
and Gojek in Indonesia, both starting with ride-sharing and expanding
into e-commerce and payments. India is also rapidly transitioning to
the digital economy. In India, the government launched Aadhaar, a
biometrics-based identity service in 2016, which now covers 99% of the
adult population and dramatically increased opportunities for financial
services and access to health.
The digital economy extends into digital employment and
online education. India and the Philippines are regional leaders in the
digital service economy, such as business process outsourcing. At the
University of the South Pacific, the world’s first regional university,
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Figure 8.8: Internet Users
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ADB-funded submarine fiber-optic cables in the Pacific island
countries further improved ICT-enabled distance learning programs.
The rise of the digital economy has created opportunities and
challenges for development and governance. The rapid pace of change
can create social disruption and can accelerate the obsolescence
of routine jobs. On the other hand, the digital economy will enable
many new opportunities for social engagement and will create many
new job categories. Successfully managing the transition will require
significant investments as well as new policy frameworks—to support
human capital development, foster effective competition, and enable
consumer protection.
Future trends
Going forward, there are several digital infrastructure trends that will
continue to transform Asia’s economy. These include the Internet of
Things (IoT), AI, and cybersecurity and privacy protection. Each will
require significant public investment and effective regulatory policies.
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The IoT is infrastructure for interconnecting things based on
interoperable ICT. IoT devices communicate and interact over the
internet. They can be remotely monitored and controlled. For instance,
IoT infrastructure can improve agriculture by remotely monitoring
soil conditions and support reductions in air pollution using low-cost
air-quality sensors.
AI imitates human cognitive functions to tackle increasingly
complex real-world problems. Recent AI advances were enabled by
increased computational capacity and the availability of large data sets.
It has significantly advanced image recognition, machine translation,
voice recognition, and autonomous vehicles, among others. These
advances are especially promising for new services such as optimizing
crop inputs for farmers, fine-tuning medical diagnosis, translating
documents using smartphones, and tailoring education for students
through adaptive learning.
Cybersecurity is important to protect users, data, networks, and
computer systems. Cybersecurity includes technical, organizational,
and regulatory aspects such as security systems, process definitions,
legal frameworks and regulations, and protection of physical
infrastructure. As more and more human activities are digitized,
privacy protection will grow in importance.
8.6	Looking ahead
There are many people in Asia and the Pacific who still do not
have access to energy, transport, urban water supply, and
telecommunications and ICT. In general, developing Asian
countries need to address infrastructure in the following ways,
in addition to specific points raised in the future trends subsection of
each previous section.
First, more investment is needed in infrastructure. ADB
estimates that total investments of nearly $26 trillion are needed
from 2016 to 2030 in transport, energy, urban water supply, and
telecommunications.18
To maximize the potential for infrastructure investment to
strengthen sustainable economic growth, several important investment
criteria should be considered. These include a strong economic
rationale, efficient life-cycle costs, positive social and environmental
benefits, safety, resilience against natural disasters, climate change
18
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mitigation and adaptation, and improved governance and debt
sustainability. New investment should incorporate advanced
technologies. These are key elements of the “Quality Infrastructure
Investment Principles,” adopted at the 2019 Group of Twenty (G20)
Summit.
Second, continuing capacity development and institutional
reform are needed to boost efficiency and deliver high-quality services.
Appropriate tariffs for utilities should be ensured to recover investment
and avoid inefficient use of services.
If needed, targeted subsidies for poor households can
replace subsidized tariffs. Governments can corporatize utilities and
railways, which have been part of government, to improve efficiency.
Governments must continue to reform SOEs (already corporatized)
using better regulations and governance, and make them more
commercially viable. Privatization can be an option when appropriate.
Third, private sector participation is essential to cover the
infrastructure gap. The private sector can mobilize knowledge,
operational efficiency, and additional financing to help develop
infrastructure projects. Government has an important role to play
in creating the right policy environment and setting priorities to
encourage private sector participation.
PPPs for infrastructure projects can be an effective tool
to attract private capital into infrastructure. Governments must
improve the regulatory environment, help identify bankable projects,
prepare credible estimates of cash flow, set appropriate risk-sharing
arrangements, ensure reliable dispute resolution mechanisms, and
develop capital markets for supporting project finance. While PPPs are
not a panacea, when designed and executed well, they can deliver good
infrastructure services.19
Finally, regional cooperation to improve connectivity across
Asia and the Pacific is essential to unleash the region’s potential, and to
promote growth and stability. Technological advances can strengthen
cross-border connectivity in the region through cross-border transport,
digital links, and electricity transmission networks. This will help
attract investment, build value chains to promote trade and growth,
and promote sustainability through regional public goods. Crossborder trade of renewable energy also contributes to climate change
mitigation and environment protection.
19
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