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nergy is a major challenge in China and many other places around the

world. Between an aging population and its economic development

needs, China faces difficulty in managing its energy resources while also
promoting air quality and long-term growth. The country’s population is growing
rapidly, and this has major consequences for budget allocations and investment

decisions.

In this paper, we lock at the ability of technology innovation to improve energy
management in China. We review demographic and economic trends, and the
implications of these patterns for energy consumption and natural resources. In
addition, we examine smart grids, smart meters, renewable energy, emerging
technologies, and China’s Internet Plus as possible ways to manage the country’s
energy future. We close by making several recommendations for moving forward.
It is important to make progress in infrastructure development, connecting the
energy grid, stimulating interconnectivity, improving rural digital access, and

integrating digital services into the overall economy.
An Aging Population

The Chinese population is expected to age rapidly between now and 2050. While

the current percentage of people over the age of 65 years old runs around 10

percent, that number will rise to over 33 percent by 2050 (see Figure }L).m This
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dramatic increase will put enormous pressure on social service budgets as well as
resource allocations. It will require directing substantial funding into health care
and income maintenance, and will affect planning decisions in many different
ways. Overall, the shift demonstrates the importance of managing energy

consumption efficiently so the society has the funds to address pressing human
service needs.

Figure 1: Percent of the Chinese Population Over 65
Years Old, 2000-2050
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Economic Growth Slowdown

Economic growth remains an important priority for the country. With its
population expected to reach 1.4 billion by 2028, it is vital that China continues

to grow its economy in order to provide jobs and maintain economic prosperity./4
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Finding the proper balance between economic growth and environmental quality,

though, is difficult. Proposed climate change rules are controversial at provincial

levels.®! Industry officials fear that overly stringent regulations will slow the
opportunities for growth. Along with government leaders, they are trying to
figure out ways to promote both goals at the same time.

These challenges are pressing because there has been a noticeable slowdown in
Gross Domestic Product growth in recent years. As shown in Figure 2, the annual

growth has dropped from 7.6 percent in January, 2014 to 6.7 percent in each of

the last three quarters.” This has put pressure on job creation and government
finances. If that growth reduction continues, it poses considerable pressures on

political leaders.

Figure 2: China Annual GDP Growth, 2014-2016
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The Need for Energy

IEven though the economy has slowed down, energy consumption
continues to rise.

These societal trends have important ramifications for energy usage. Even though

the economy has slowed down, energy consumption continues to rise. Figure 3

shows the total energy used per person over the last few decades. The numbers

demonstrate the high level of energy required for economic development. Even at

reduced rates, the rising growth in energy needs necessitates access to energy and

raw materials for manufacturing and production.

I5]

Figure 3: Per Capita Total Energy Use in China, 1980-
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Figures for 2016 show the kind of energy that is needed. According to the Xinhua
news agency, the country will need 550 million tons of crude oil, 205 cubic meters
of natural gas, and 3.96 billion tons of coal to sustain its current economic

activities.!) What China does in the energy area will have important

consequences for global markets.

Air Quality Measurements

Environmental protection is a top priority for Chinese leaders. Figure 4 shows air
quality data for small particulate matter measured (PM2.5) on an hourly basis

from January to September, 2016.12 With levels above 150 micrograms per cubic
meter considered unhealthy, these data demonstrate there often are 200 days a

year with unhealthy air quality in the capitol city.

Figure 4: Particulate Matter Readings for Beijing, 2016
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Unsafe readings have deadly public health consequences. As a sign of the health
risks, an estimated 350,000 to 500,000 Chinese die early each year due to air

pollution.® Public opinion surveys show that improving air quality is an

important priority in China.”! A Pew Research Center study found that 76 percent
of Chinese residents believe air pollution is a big problenrl.LLQl

Focusing on Renewable Energy

To deal with environmental issues, Chinese planners have invested substantially

in renewable energy. Authorities in the National Energy Administration have

announced plans to spend over $360 billion by 2020 on alternative sources. ! Its

government already has promulgated the goal of 15 percent of its energy coming

from non-fossil sources by 202022 It did this by enacting the Renewable Energy
Law in 2005. Leaders “levied a fee on all electricity use and allocated those funds
to develop new renewable energy projects.” In 2009, it also “require[d] grid

operators to purchase all the electricity produced from renewable sources.”H

Both of these actions have spurred investment in renewable energy. One source is
hydroelectric power as China is the largest producer of this in the world. It also
has invested in wind power and solar energy, and has become a global leader in
each of those areas. The country has been far-sighted in recognizing the
importance of relying less on coal and moving more towards renewable energy.

Overall, officials expect this investment to create over 13 million new jobs. k4!

Smart Grids

Connecting the power grid is a strategy that helps countries deal more efficiently
with energy. It allows power from a variety of different regions and sources to be

connected and allocated towards the most efficient use.
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Smart grids improve efficiency by using technology to optimize production and
distribution. Through a combination of distributed resources, interactive
technologies, renewable energy, two-way communications, and dynamic
utilization, they provide businesses and consumers with information that allows
them to alter their consumption based on supply, demand, and pricing. That
improves the reliability and flexibility of energy use.

[Eventually, the goal is to move electrical power across national borders.

Leaders in China have envisioned a global electricity network by 2050 that will
help it deal with air quality and climate change. Dubbed the “Global Energy

Interconnection”, this initiative proposes to connect the North, East, and Central

grids in China and transfer power over long distances 2 It would be constructed
on “a global ultra high voltage grid” and would connect wind and solar farms with
other energy sources. Eventually, the goal is to move electrical power across

national borders.

Smart Garbage Bins, Smart Meters, and Resource
Management

Smart city initiatives are using sensors and digital devices to manage urban
service delivery and help people deal with the inconveniences of daily life. In
every city, garbage collection is a high priority, but current systems are
inefficient. Garbage trucks have fixed pickup schedules regardless of whether
garbage bins are full or not. Through sensors, digital devices can notify garbage
services when a bin is full and needs to be emptied. That allows drivers to allocate
them pickup schedules most efficiently and best serve their urban customers.
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With the sharp increase in urbanization that is taking place in China (see Figure

5), the need for digital solutions has risen. For example, the percent urbanization

has gone from 13 percent in 1953 to a projected 60 percent in 2030.2 In this
situation, it is important to manage natural resources efficiently and deal with
the environmental challenges of large metropolitan areas.

Figure 5: Percent of Chinese Living in Urban Areas,
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Sensors also are useful in water management. For example, they help in
identifying and managing leaks in water lines. Some studies have estimated that
communities in the United States “can be losing as much [as] 30% of their

product along the way to leaks in the distribution system.”ml To help with this,

sensors and advanced metering infrastructure can be installed in treatment
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plants and underground pipes and help managers see when leaks take place and
how much water is being lost before it reaches the end-user. In cities, with aging
infrastructure, this represents a way that officials can monitor leaks and manage

. . 18
water in real time.H8

Smart meters allow people to know how they are using water and where they
might be able to economize given their usage levels. In California, for example,

“metering, when coupled with effective pricing structures, reduces water use by

15% to 20%.”%% Miami-Dade County is another place that has garnered positive
results from advanced water meters. It is a large area encompassing 263 different
parks. Overall, these recreational areas use 360 million gallons of water each year
and costs $4 million in sewer and water expenditures. After installing a smart city
system, the parks service was able “to remotely monitor water consumption,
detect leaks and share information colleagues at other parks and facilities.... The

parks department estimates a 20% reduction in water use annually with a savings

of some $860,000 per year,*22
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Traffic Congestion and Autonomous Vehicles

Cars stand bumper to bumper in the evening rush hour traffic jam in
central Beijing, China, December 8, 2016. REUTERS/Thomas Peter/File
Photo — RTS128B4

Traffic congestion is a problem in virtually every large metropolitan area.

2l There are “35 cities in China have more than one million cars on the road; 10
cities have more than two million. In the country’s busiest urban areas, about
75% of all roads suffer rush-hour congestion.” The number of private vehicles in

China as a whole has risen to 126 million, which is up 15 percent over the

preceding year.l'z‘z'1 The city of Beijing alone has 5.6 million vehicles in operation.
[23]

Research by Donald Shoup has found that up to 30 percent of the traffic in
metropolitan areas is due to drivers circling business districts in order to find a

near-by parking space.”¥ That represents a major source of traffic congestion, air
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pollution, and environmental degradation. Cars are thought to be responsible for
“approximately 30% of the carbon dioxide (C0O2) emissions behind climate

change.”#

In addition, it is estimated that anywhere from 23 to 45 percent of metropolitan

traffic congestion occurs around traffic intersections.” Traffic lights and stop
signs are inefficient because they are static devices that do not take traffic flows
into account. Lights are pre-programmed to remain green or red for set intervals,

regardless of how much traffic is coming from particular directions.

Once autonomous vehicles are phased in and represent a large part of the traffic,
car-mounted sensors will be able to operate in conjunction with an Intelligent
Traffic System to optimize intersection traffic flow. Time intervals for green or
red lights will be dynamic and vary in real-time, depending on the amount traffic
flowing along certain streets. That will ease congestion by improving the

efficiency of vehicular flows.
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.

Li Zengwen, a development engineer at Changan Automobile, lifts his
hands off the steering wheel as the car is on self-driving mode during a
test drive on a highway in Beijing, China, April 16, 2016. REUTERS/Kim
Kyung-Hoon — RTX2BA%H

According to a RAND study, “AV [autonomous vehicle] technology can improve

fuel economy, improving it by 4-10 percent by accelerating and decelerating more

smoothly than a human driver. »l21 Since smog in industrial areas is linked to the
number of vehicles, having more autonomous cars is likely to reduce air
pollution. A 2016 research study estimated that “pollution levels inside cars at
red lights or in traffic jams are up to 40 percent higher than when traffic is

. w28
moving.

A shared autonomous vehicle system also offers benefits in terms of emissions
and energy. Researchers at the University of Texas at Austin examined pollutants

such as sulfur dioxide, carbon monoxide, oxides of nitrogen, volatile organic
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compounds, greenhouse gas, and particulate matter with small diameters. Their
findings show “beneficial energy use and emissions cutcomes for all emissions

species when shifting to a system of SAVs» 14

Internet Plus and Lessons for the Future

The biggest challenge in China and elsewhere is the need to develop a sustainable
future. There are a variety of measures that would help achieve this goal. One key
is infrastructure investment. It is important that China build its digital
infrastructure in order to provide platforms for online commerce, energy grids,

and smart meters.

Right now, there are difficulties in connecting the Chinese electric grid.
According to Brookings scholar Phil Wallach, “there is a significant geographic
mismatch of production capacity and transmission ability needs.” This gap
sometimes means that western regions producing wind power have to curtail
their production by one-third due to an inability to dispatch the energy

elsewhere 20

TThere is a significant geographic mismatch of production capacity and

hansmission ability needs. l

China’s proposed “Internet Plus” initiative aims to stimulate interconnectivity

and therefore spur future economic development. It is focused on new
possibilities such as cloud computing, big data, and advanced manufacturing. Its
developers seeks “to integrate mobile Internet, cloud computing, big data and the
Internet of Things with modern manufacturing, to encourage the healthy

development of e-commerce, industrial networks, and Internet banking, and to
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help Internet companies increase international presence.”mThe hope is the

country can use these tools to advance up the value chain from low-end to high-

end manufacturing.=2

This strategy has clear benefits for rural China. Internet access is only 30 percent
in the country compared to 60 percent in cities. Connecting underserved areas to
the Internet will modernize agriculture by improving marketing and introducing

crop monitoring systems. It is a way to use digital technology to bring agriculture

into the 21% century 2%

Integrating digital services into a connected ecosystem is a terrific way to build a
sustainable economy. Having effective interoperability and connected devices is a
way to make the most efficient use of natural resources. Smart meters give people
information about their own consumption and this helps them make wiser
choices about energy. Governments can facilitate this by having agreed upon

standards for connecting devices.

Integrating digital services into a connected ecosystem is a terrific way ’

to build a sustainable economy. ;
|

Digital technology helps every country bridge the rural-urban divide. In nearly
every nation, there are under-served areas in rural locales that lack digital
infrastructure and therefore are not able to take advantage of technology. Both
businesses and consumers are unable to gain the benefits of new approaches and
lack the productivity enhancements of other areas. Using technology to narrow

this gap is a significant way to improve energy management.
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