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Executive Summary

This proposal describes critical areas for research and development that were designed
based on a framework of cities and which are expected to be effective at reducing energy

consumption and improving the efficiency of energy use in Japan.

Japan is a resource-poor country that imports most of its energy feedstock, so its
energy security is strongly affected by international political and economic trends. As a
result, the outlook for energy in Japan is inherently uncertain. Additionally, since the
2011 Great East Japan Earthquake and the resulting nuclear accident at Fukushima
Daiichi Nuclear Power Plant, thermal power generation has accounted for a higher
proportion of primary energy supply to meet domestic energy demands. This resulted in
an increase in greenhouse gas emissions in 2011 compared with that in 1990, the
reference year of the Kyoto Protocol. These circumstances increase the urgency of
reducing energy consumption and meeting greenhouse gas emissions targets for a
sustainable society while seeking for the economic growth and social welfare

simultaneously.

The Japanese government approved the Fourth Basic Energy Plan in 2014. This plan
describes the broad aim of energy policy: to construct a system of multilayered, diverse,
and flexible structures at national level to satisfy energy demands. Although the Plan
addresses supply-side factors, such as the balance of power generation methods, it also
notes the importance of the demand-side changes that are necessary to deal with social,
systematic, and technical changes relevant to energy. In its discussion of demand-side
issues, the plan puts a particular emphasis on the promotion of energy conservation
generally and points out the need for different sectors to strengthen their specific
conservation efforts for the efficient (i.e., not wasteful) use of energy resources. So far,
however, most discussions on demand-side energy policies have taken a national-level
perspective and more specific plans according to local characteristics have not been
provided yet. To encourage more efficient energy use, it would be helpful to establish a
framework for examining energy issues in detail, taking a finer-grained perspective. This
would also allow bolder and more specific goals for constructing an energy system for the

future.

In this context, cities can be regarded as critical targets for reducing energy
consumption and improving energy efficiency. Cities, by their nature, are places where
great numbers of people live and engage in economic and social activities. Collectively,
this leads to energy demand being strongly concentrated within cities. This i1s true not

only in Japan but in other countries also, including both developing and developed

CRDS-FY2014-SP-01 Center for Research and Development Strategy, Japan Science and Technology Agency
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countries. Historically, cities developed as a structure to protect the lives of residents
from external enemies and natural disasters and to provide opportunities to efficiently
utilize the collective intelligence and resources of the city for various social and economic
activities. Yet, to maintain and strengthen the functions of cities, their energy needs have
continually increased over time. As a result, the system for meeting energy demands has
become too complicated to understand in its entirety, and concerns about resource
depletion and environmental impact have become more serious. There is a need to
examine cities in more detail, especially in terms of energy infrastructure, and explore
how science and technology can improve the energy infrastructure and functionality of
cities. In other words, science, technology, and innovation policies should be promoted
that aim to drastically lower energy consumption and strengthen energy conservation,
while at the same time contribute to improving socio-economic activities, health, and

quality of life in cities.

Japan has 111 cities with a population of more than 200,000.%> There are around 1,700
municipalities, so although these 111 cities account for only a small proportion of
municipalities, nearly half of the 128 million residents of Japan live in these cities and
they consume nearly half of all the energy used in Japan®. A study of the energy
consumption patterns and infrastructure of these cities should identify ways in which a
future energy system could contribute to reducing energy consumption at national level.
Therefore, in this proposal, energy problems of cities were examined with a
forward-looking approach based particularly on the following three perspectives aimed at
identifying and organizing future energy use in cities: the movement of population
among cities, the progress of energy-related technologies and social change, and the

energy consumption trends in individual cities.

The 111 cities with more than 200,000 residents can be roughly categorized by size into
two types: metropolitan areas such as Tokyo, Nagoya, and Osaka, which attract migrants
from surrounding areas; and mid-sized cities, where the population is expected to be
either stable or slowly decreasing. In metropolitan areas, many people commute to
central districts during the day, but this is not common in mid-sized cities. In mid-sized
cities, households are distributed mainly in the suburbs and population distribution has
been becoming sparse. These characteristics of cities are already known and are expected

to persist in the future [2].

Several trends in energy-relevant technological and social changes are seen in
Japanese society. As examples, renewable energy is being promoted on a large scale,

smart meters and dynamic pricing systems are being investigated, and energy system

% Here, the 23 wards of Tokyo are collectively regarded as one city. A list of the 111 cities is provided after the references. [1]
* The total annual consumption is estimated at 14.97 x 10" J.
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reform is being discussed by the government. Any of these would bring about major
changes to the energy system of future cities. However, effecting such changes would be
difficult because establishing a more sophisticated and highly controlled energy system
requires simultaneous scale up of the energy system from local scale and integration of
various technologies. Demonstration experiments of an energy management system
(EMS) conducted at several sites in Japan have been mostly done at local level, and
scaling up experiments have not been conducted yet. Moreover, the viability of proposed
technological solutions and systems to utilize the massive amounts of energy-related
information provided by the EMS and its network, which covers large areas in cities, is

not yet clear.

Problems specific to different cities have also become apparent by examining trends in
the energy consumption patterns of the abovementioned 111 cities. Energy consumption
per capita in the household sector tended to vary in cities with a relatively lower
population density. This indicates that different cities have different possibilities for
reducing energy consumption although other aspects including social, economic,
geographic, and climate-related conditions would have a role in household energy use as
well. Differences among cities were seen in the commercial sector across all population
densities, indicating that the commercial sector, too, has different possibilities for
reducing energy consumption. In the transportation sector, the energy consumption per
capita was negatively correlated with population density, and few differences were seen

among cities of similar size.

These findings and perspectives on energy-related issues for cities lead us to
recommend basic policies for energy in cities that focus on improvement in efficiency,
reduction of CO2 emissions, and load leveling. Here the first area, improvement in
efficiency, includes comprehensive improvement in efficiency, by connecting
Improvements in various city functions and convenience with improvements in energy
efficiency. To achieve this, it is necessary to manage the energy system at city level by
designing cities around more efficient energy uses. For metropolitan areas, distributing
the energy demand more evenly will be essential for making the energy infrastructure
more stable and reliable, because energy demand in such areas tends to be excessively
concentrated in central districts during the day. For mid-sized cities, on the other hand,
concentrating and making compact scattered energy demands within a city and raising

efficiency will be essential for improving the energy supply system.

Different cities may well adopt different policies in the future to realize their
individual vision. Yet, in terms of energy-related technological aspects, there are several
measures that should be widely adopted by cities and can be expected to improve energy

systems. The following is a list of the technological measures identified. These were

CRDS-FY2014-SP-01 Center for Research and Development Strategy, Japan Science and Technology Agency



STRATEGIC PROPOSAL

Proposal for Issue-driven Research and Development | Future energy demand and supply landscape envisaged through a framework of cities

explored with a view to reducing energy losses, expanding the use of renewable and
unexploited energy sources, and smoothing out energy balance within cities. The nine

identified measures are as follows.

Regulation of the demand and supply system in an energy network
Promotion of energy conservation and the use of renewable energy in homes
3. Promotion of energy conservation and the use of renewable energy in other
buildings
Promotion of the use of unexploited energy sources in a district
5. Spatial planning and management of land use and city buildings
Improvement of the energy efficiency of internal combustion engines and
promotion of next-generation vehicles
7. Improvement of traffic flows in cities
Appropriate use of various means of transportation

9. Reduction of power losses during distribution and transformation

To put these nine measures into practice in a city and significantly improve its energy
system, innovative materials, technologies, systems, and implementation methods will
be most effective, although conventional technologies, systems, and methods will also be
helpful. Consequently, research and development is needed to foster various ideas and
possibilities. For the mid- to longer term looking toward 2030, the following five areas of
research and development were identified. Progress in these areas will have broad

impacts, both quantitatively and qualitatively, on cities.

A Development of an advanced and multi-layered energy management system

B Improvement of the energy-related efficiency of automobile traffic in cities

Q

Promotion of the use of renewable and unexploited energy sources and of energy
conservation in cities

D Urban planning that incorporates the perspectives of efficient energy use and its
attendant benefits

E Use of big data to address the problem of energy consumption in cities

The potential reduction in energy consumption was estimated assuming that, by 2030,
these nine measures would be implemented in all 111 cities of Japan: in comparison with
the energy consumption of these 111 cities in 2010, a reduction of 36% could be achieved
for the household, commercial, and transportation sectors, which would result in a
reduction of 21% in the total amount of final energy consumption. This reduction is
equivalent to 10% of the final energy consumption of all of Japan in 2010. However, these
estimates are based on a rough hypothesis and a simplified model of calculation that uses

the limited amount of available data and resources, as shown in the attachments. More
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detailed examinations are needed.

The aim of this proposal is to encourage action on social issues by various entities,
including the government, by approaching problems through the framework of
cities—where the most population lives—and by presenting visions and goals that are
specific and challenging. The national government and local governments need to take
the initiative in this and support the organization of systems for cooperation among

universities, research institutions, and the private sector.

In a research and development program, establishing a collaboration platform is
critical for enabling participants to share their individual vision, maintain motivation,
and cooperate with those from different academic fields and at different research and
development phases. A site for testing scientific theories and prototype models should
also be considered before starting a program. Simulations of an energy system that may
be applied to a city can be carried out at the site dedicated to this research purpose, and
the effectiveness of proposed systems can be evaluated there. Alternatively, prototype
models and methods may be implemented in actual regions within cities. It might also be
practical to use already available systems for research and development and policy
frameworks (e.g., specialized wards) in this program.

l F i F . > Simultaneous realization of energy security, economic growth, Construction of sustainable energy
environmental conservation, and Safety (3E+S; supply and demand structure
VILL] A1 ]

L1eS [} - OC i ClLIT ]y
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Fig. Overview of the issue-driven research and development strategy for improving
the efficiency of energy use in cities.
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1 I 10,577 1,425,512 89.5 0.60 0.13 0.15 0.12
2 Jelg T 9,080 453,748 96.8 0.63 0.13 0.12 0.11
3 iplihi 8,448 473,919 81.7 0.53 0.18 0.13 0.16
4 R 8,183 484,457 81.5 0.58 0.16 0.12 0.14
5 G 7,617 609,040 84.2 0.59 0.14 0.13 0.14
6 I\ 7,361 271,460 95.7 0.52 0.15 0.15 0.18
7 IR 6,471 409,657 93.2 0.57 0.13 0.16 0.14
8 iFeni] 6,012 290,959 90.1 0.64 0.12 0.10 0.15
9 W 5,785 841,966 94.4 0.50 0.15 0.16 0.19
10 THET 4,384 961,749 97.5 0.59 0.12 0.15 0.15
11 R 4l 4,168 260,780 99.6 0.65 0.09 0.13 0.13
12 skt 4,008 404,012 89.8 0.51 0.15 0.17 0.18
13 ) 2,610 266,937 88.3 0.62 0.11 0.10 0.17
14 Frak L 2,531 370,364 104.4 0.67 0.08 0.10 0.15
15 B T 2,361 536,270 101.1 0.60 0.10 0.12 0.18
16 Koy 1,947 474,094 102.2 0.87 0.02 0.03 0.07
17 =1 Ol 1,875 475,513 98.9 0.89 0.02 0.03 0.06
18 L 1,821 461,357 100.4 0.64 0.07 0.12 0.17
19 Py B i 1,759 307,766 103.5 0.72 0.06 0.08 0.14
20 il L 1,630 709,584 104.2 0.56 0.10 0.14 0.20
21 it 1,621 239,973 98.6 0.67 0.08 0.11 0.14
22 et 1,461 421,487 108.9 0.77 0.06 0.06 0.11
23 i 1,229 280,416 94.8 0.95 0.01 0.01 0.03
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24 I 1,197 237,615 105.1 0.51 0.14 0.14 0.21
25 ANl 1,164 280,947 98.6 0.65 0.09 0.10 0.17
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26 FURURFRI X 14,498 | 8,945,695 130.9 0.06 0.24 0.52 0.17
27 N T 11,981| 2,665,314 132.8 0.21 0.19 0.44 0.16
28 HRT 10,708 389,341 89.2 0.17 0.30 0.29 0.24
29 AT 10,434 223,593 87.7 0.05 0.36 0.34 0.25
30 W T 9,936 355,798 98.6 0.17 0.26 0.36 0.22
31 g 9,909 238,204 87.3 0.19 0.29 0.25 0.27
32 HOR BT 9,852 509,533 103.2 0.33 0.20 0.24 0.23
33 R 9,268| 3,688,773 91.5 0.36 0.18 0.25 0.20
34 Jiskin 9,105 500,598 83.7 0.13 0.28 0.27 0.32
35 KAnT 8,977 228,186 87.2 0.35 0.20 0.24 0.22
36 BN 8,900 243,855 85.5 0.21 0.26 0.24 0.29
37 JEHT 8,732 255,506 96.4 0.17 0.27 0.33 0.23
38 Fili i 8,304 315,954 109.1 0.05 0.21 0.37 0.36
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40 2 o I 7,262 235,081 79.6 0.41 0.20 0.18 0.21
41 Fany 7,203| 2,263,894 113.5 0.17 0.22 0.36 0.26
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43 sl 6,883 407,978 87.8 0.33 0.23 0.21 0.23
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46 R 6,229 357,359 86.5 0.25 0.27 0.24 0.24
47 T T 6,010 418,325 91.3 0.46 0.16 0.18 0.20
48 INEFHH 5,772 580,053 99.7 0.08 0.28 0.31 0.33
49 SV EHi 5,762| 1,222,434 92.8 0.10 0.25 0.36 0.30
50 AT 5,679 274,822 92.6 0.33 0.21 0.25 0.22
51 Al 5,433 326,313 86.7 0.10 0.26 0.30 0.33
52 ER 5,344 223,926 83.9 0.22 0.23 0.24 0.31
53 ARt 5,321 341,924 86.5 0.08 0.28 0.31 0.33
54 E=t-3in) 5,271 225,700 80.5 0.14 0.33 0.23 0.30
55 GEL Y] 5,161 717,544 87.9 0.46 0.16 0.19 0.20
56 e T 4,832| 1,544,200 102.6 0.46 0.15 0.19 0.20
57 FLMR T 4,343| 1,913,545 100.6 0.11 0.32 0.32 0.25
58 N =T 4,141| 1,173,843 102.1 0.48 0.12 0.22 0.17
59 A 4,066 305,569 91.4 0.26 0.22 0.21 0.30
60 F B 3,636 237,171 82.0 0.10 0.27 0.27 0.37
61 LI 3,342 976,846 102.7 0.44 0.13 0.19 0.24
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62 AT 3,338 224,420 114.9 0.50 0.10 0.23 0.17
63 —&i 3,323 378,566 86.9 0.16 0.25 0.23 0.36
64 JIl kg 3,263 342,670 97.1 0.25 0.20 0.26 0.29
65 s 3,089| 1,045,986 107.3 0.17 0.27 0.31 0.25
66 iz B 717 2,901 413,136 103.8 0.10 0.20 0.34 0.36
67 REETH 2,804 337,634 92.1 0.14 0.24 0.29 0.34
68 AT 2,589 343,393 102.9 0.24 0.16 0.29 0.32
69 mET 2,566 366,591 94.6 0.06 0.27 0.32 0.34
70 ] I 717 2,437 372,357 93.9 0.39 0.16 0.17 0.27
71 S5t 2,434 605,846 101.5 0.13 0.15 0.28 0.44
72 &R 2,425 462,361 108.0 0.09 0.22 0.35 0.34
73 Ry 2,404 443,766 103.2 0.17 0.22 0.31 0.30
74 REACTT 2,247 734,474 102.3 0.13 0.20 0.30 0.37
75 TREET 2,192 202,304 107.5 0.27 0.18 0.23 0.33
76 el T 2,166 716,197 103.3 0.25 0.18 0.23 0.34
77 Fa LT 2,155 517,231 101.3 0.28 0.17 0.24 0.31
78 CEnin 2,057 254,027 99.5 0.43 0.13 0.14 0.30
79 B A T 2,002 279,127 102.7 0.20 0.26 0.24 0.30
80 T 1,900 264,548 109.6 0.29 0.15 0.27 0.29
81 rAA T 1,801 419,429 104.5 0.19 0.18 0.27 0.36
82 Lot 1,724 376,665 97.9 0.32 0.17 0.20 0.32
83 TARTH 1,649 800,866 99.7 0.28 0.17 0.20 0.36
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92 RERTH 1,314 203,180 98.6 0.28 0.15 0.24 0.33
93 KM 1,300 216,465 105.9 0.47 0.11 0.14 0.28
94 PettprT 1,293 261,101 101.3 0.16 0.21 0.26 0.38
95 S i T 1,255 298,348 106.4 0.09 0.31 0.31 0.29
96 KT 1,232 266,796 110.4 0.19 0.18 0.31 0.33
97 Ak 1,212 811,901 101.8 0.26 0.22 0.22 0.30
98 FEH 1,169 381,511 104.2 0.13 0.19 0.27 0.41
99 FKHITH 1,154 323,600 104.6 0.17 0.26 0.26 0.31
100 | FH#Rf 1,151 299,520 101.7 0.16 0.26 0.25 0.33
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101 & i 1,082 292,590 103.5 0.23 0.25 0.23 0.30
102 FAARTH 1,021 243,037 107.2 0.19 0.17 0.26 0.38
103 BB LT 1,011 338,712 105.7 0.24 0.23 0.23 0.30
104 W ET 1,003 342,249 99.5 0.28 0.23 0.17 0.32
105 JB) 1 994 347,095 100.5 0.17 0.27 0.26 0.29
106 e 984 285,746 102.9 0.48 0.12 0.15 0.25
107 (=0l 948 237,506 107.4 0.17 0.17 0.29 0.37
108 BT 890 421,953 106.3 0.32 0.17 0.22 0.29
109 S ET 890 214,590 108.7 0.35 0.11 0.31 0.24
110 Rl T 632 282,674 102.6 0.35 0.18 0.18 0.29
111 e e 476 203,899 100.2 0.40 0.16 0.15 0.28
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