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Abstract

The NTT Group has set agriculture, forestry, and fisheries as one of its priorities. In particular, we are
working to implement Smart Agri—namely, optimizing the entire food value chain from breeding to
production, distribution, sales, and consumption by using the Group’s cutting-edge technologies, assets,
and services and collaborating with forward-thinking partners. In response to growing concern about
global environmental issues, we have begun new initiatives that will enable the agricultural industry to
coexist in harmony with nature while improving its production capacity. This article describes issues
concerning the agriculture, forestry, and fisheries industries and provides an overview of NTT Group’s

initiatives, specific examples, and future developments related to such industries.

Keywords: IOWN, coexistence with global environment, regional circular economy

1. Issues concerning agriculture, forestry,
and fisheries

The agriculture, forestry, and fisheries industries
are indispensable for the survival of humankind;
however, they face challenges such as a declining and
aging workforce and decreasing production capacity
and food self-sufficiency rate in Japan. This trend
holds not only for agriculture but also for fisheries
and forestry. It is particularly evident in the fisheries
industry, in which the number of fishery workers has
decreased from 392,000 in 1988, almost 30 years
ago, to 152,000 in 2018, and over that period, fishery
production has plummeted from 12.78-million tons
to 4.42-million tons [1]. Once ranked first in the
world in terms of fishery production, Japan has now
dropped to eighth place. On a global scale, owing to
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the population explosion, demand for protein will
exceed supply by 2030, resulting in a shortage of
protein, including that from marine resources.

The agriculture, forestry, and fisheries industries
are the only ones of the many industries that directly
work with nature and enjoy its bounty. Accordingly,
in addition to securing food by increasing production
capacity, achieving sustainability is becoming
increasingly necessary by maintaining and develop-
ing these industries in harmony with nature while
taking environmental aspects into consideration.

2. Overview of NTT Group’s initiatives

Against the above-described backdrop, the NTT
Group is striving to strengthen the competitiveness
and sustainable development of the agriculture,

10



Feature Articles

Common areas/from

Breeding Agricultural production ﬁsl":\é?is; sc!e(t’c distribution to consumption/
T environment
Biotechnology/ Advanced greenhouse farming Greenhouse farming Open-field cultivation NTT DOCOMO NTT InfraNet
i _genetics ; AT Tl Steel-framed (paddies, upland HALEX
Soil/microorganisms rtificial light greenhouse farming, etc.) NTT EAST
Weather/maps
) NTT TechnoCross
NTT NTT AgriTechnology NTT WEST NTT FACILITIES NTT EAST NTT DOCOMO
NTT DATA
NTT AgriTechnology NTT Smile Energy NTT DATA . - NTT DATA
NTT DOCOMO NTT DATA CCS ?]”a_ge’lnem;_t_’ © Agricultural-land
_ physical conditon e
Genome ediing/ : e
high-speed : Environmental
v, -y
- NTT COMWARE
analysis ’fi @ NTT DOCOMO
@(% ‘ ’ @ NTT EAST NTT WEST
NTT COMWARE NTT Resonant NTT
NTT WEST NTT DOCOMO Supply chain
NTT NTT EAST Organic farming NTT EAST
NTT WEST NTT DOCOMO ’ O NTT WEST NTT FIELDTECHNO
NTT DATA NTT TechnoCross ‘ NTT

Soil/
microorganisms

Sensing

#

|
@

v

e
¢

o7

NTTe-DroneTechnology

Drone solutions
(spraying pesticides/
fertilizers)

NTT
NTT DOCOMO NTT EAST

Level-3 robotic farm
machine

Management of the
length of farmed fish
Land-based
aquaculture

Food-waste recycling
to achieve SDGs

Biostock

Biomass power
generation

NTT

Well-being in terms
of food and health

SDGs: Sustainable Development Goals

Fig. 1. NTT Group’s food and agricultural solution map (including research and development and field demonstrations in

progress).

forestry, and fisheries industries through collabora-
tion between NTT laboratories, which possess cut-
ting-edge technologies, and approximately 30 group
companies (Fig. 1) [2]. Combining NTT’s Innovative
Optical and Wireless Network (IOWN)*! and the
nationwide telecommunications infrastructure,
assets, and services of NTT Group companies, we
will create new value through innovation in the food
and agriculture sector with forward-thinking part-

ners.

For example, we want to build an ecosystem in
which stakeholders in the food value chain can ben-
efit by combining the following efforts: (i) digital
breeding, which artificially modifies some of the
properties of agricultural and fishery products by
genome editing"? and culture technology to dramati-
cally and safely improve growth rates, carbon-diox-
ide absorption, etc. while giving due consideration to
safety; (ii) ultra-labor saving and automation of agri-
cultural work by using robotic farm machines and
drones; (iii) digital transformation of agricultural-
product distribution by which sellers and buyers
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make transactions in a virtual market built in cyber-
space on the basis of supply-and-demand forecast
information; and (iv) scientification of food and
health to improve mental and physical well-being.
Among the initiatives listed in Fig. 1, the Feature
Articles in this issue introduce genome editing/high-
speed breeding and soil/microorganisms [3], biomass
power generation [4], drone solutions [5], and supply

chains [6].

3. Specific examples of initiatives

3.1 Aiming to restore Japan’s fisheries industry
The NTT Group has formed a capital alliance with
Regional Fish Institute, Ltd. (RFI) [7], a venture

*1 TOWN: A next-generation information and communication infra-
structure that NTT is promoting for practical use around 2030.

*2 Genome editing: A technique for altering a specific base se-
quence of a gene in an organism in a manner that improves the
trait carried by that gene. It differs from genetic modification
with which new characteristics are added to cells by introducing
a gene extracted from another organism.
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Fig. 2. Comparison of 22nd Century Bream and the common strain.

company originating from Kyoto University and Kin-
dai University, with the aim of making Japan’s fisher-
ies industry the best in the world again and solving
the global protein crisis. The alliance’s land-based
aquaculture business raises juvenile fish and shellfish
in an Internet-of-Things-enabled environment using
genome editing that deactivates a targeted gene in the
DNA of those fish and shellfish in a manner that
causes natural mutations through their natural resil-
ience. When this technique was used to raise fish, the
volume of the Japanese red sea bream increased up to
1.6 times more meat than the common strain while
receiving 20% less feed, and the tiger pufferfish grew
1.9 times faster than the common strain while receiv-
ing 40% less feed and requiring much less rearing
time. The seafood produced using this technique sat-
isfy Japan’s safety standards and have been branded
and marketed as the world’s first genome-edited ani-
mal foods under the names “22nd Century Bream”
(Fig. 2) and “22nd Century Pufterfish.” Through this
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initiative, we will add value to the Japanese aquacul-
ture industry and transform it into a sustainable
growth industry. In collaboration with RFI, we will
create a future in which Japan’s fisheries industry can
solve the protein crisis, which is a global issue, as
soon as possible.

3.2 Aiming for coexistence with the global envi-
ronment

The agriculture, forestry, and fisheries industries
enjoy blessings from the land, sea, and rivers; how-
ever, the global environment is becoming ever-more
threatened every year as it faces issues such as cli-
mate change. NTT has announced a new environmen-
tal and energy vision called “NTT Green Innovation
toward 2040 [8] to simultaneously achieve zero
environmental impact and economic growth. As one
of the efforts to reach this goal, NTT and RFI have
started an experimental demonstration of carbon-
dioxide conversion technology in which we apply
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Fig. 3. Technology to reduce carbon dioxide in the ocean by applying genome-editing technology.

genome editing to algae, fish, and shellfish that can
reduce the amount of carbon dioxide dissolved in the
ocean (Fig. 3). In the normal food chain from algae to
fish and shellfish, atmospheric carbon dioxide is
absorbed into the ocean; however, the amount of car-
bon dioxide emitted into the atmosphere is increasing
every year due to human activities, such as conver-
sion of forests to agricultural land and urbanization,
and the amount of carbon dioxide retained in the
atmosphere cannot be reduced beyond the current
level.

Accordingly, NTT will research and develop
genome-editing technology for increasing the amount
of carbon-dioxide fixation™ in algae, and RFI will
research and develop genome-editing technology for
increasing the amount of carbon fixed in the bodies of
fish and shellfish. By applying these two genome-
editing technologies to the food chain from algae to
fish and shellfish, we aim to establish a carbon-diox-
ide conversion technology that synergistically
increases the total amount of carbon cycling in the
ocean. In the future, this technology will be applied to
increase production and improve the quality of fish
and crops [9].

4. Future developments

To create a sustainable society in the future, we
believe it is necessary to develop agriculture, forestry,
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and fisheries not only from the perspective of produc-
tivity improvement but also from the perspective of
coexistence with the global environment. To make
these efforts sustainable and effective, our future
society will also require the formation of regional
circular economy zones in which each region takes
advantage of its unique strengths, makes the most of
its local resources, and forms a self-reliant and decen-
tralized society while helping and complementing
each other among regions (Fig. 4).

As for the aforementioned land-based aquaculture
for increasing carbon-dioxide fixation in the ocean,
electricity (charges) consumed by temperature con-
trol and water circulation accounts for about 40% of
the total cost, and how to reduce this cost is one of the
keys to success. As a solution to this cost problem, we
are investigating the use of recyclable energy sources
that fully use resources and land that are not being
used effectively in the region. Examples under inves-
tigation include (i) biomass power generation using
waste, residue, and livestock manure generated on
farms and (ii) solar power generation, for which
installation sites are lacking in Japan, using aban-
doned farmland. These energy and heat sources can
also be used in advanced greenhouse facilities and

*3  Carbon-dioxide fixation: A process in which inorganic carbon
(such as carbon dioxide) is converted into organic-carbon com-
pounds (such as sugars) and incorporated into the body of living
organisms.
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Fig. 4. A regional circular economy zone (centered around land-based aquaculture).

livestock sheds. It will also be possible to develop
new business models, such as a new financial busi-
ness based on agriculture and the environment by
establishing a system in which, for example, credits
obtained by reducing or absorbing greenhouse-gas
(e.g., carbon dioxide) emissions can be exchanged for
various points issued by private companies, and the
points are used as local currencies in an economic
zone while increasing incentives for implementing
environmental initiatives. We aim to create a “sus-
tainable regional circular society” through the overall
optimization of information flow, logistics, and
money flow generated by these activities using cut-
ting-edge technologies and innovations such as
IOWN.

The NTT Group will continue to deepen its efforts
as a group of companies that support local communi-
ties. In particular, we will collaborate with various
partners to integrate cutting-edge technologies and
innovative business models while taking the chal-
lenge of developing agriculture, forestry, and fisher-
ies industries in harmony with the global environ-
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ment and creating regional circular economy zones.
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