
日本における自律型植物工場の
現状と将来性

2024年7月25日

林 絵理

NPO植物工場研究会

日蘭園芸セミナー
持続可能で収益性の高い温室事業自律栽培～実践と経験





JPFA Members
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事業

技術・ビジネスサポート
研究・開発・実証

施設見学

人材開発

勉強会・研修

広報

調査研究委員会

標準化

植物工場研究会 活動概要

JAPAN PLANT FACTORY ASSOCIATION
4



植物工場の拠点
千葉大学柏の葉キャンパス

スマート人工光型植物工場プロジェクト

人工知能（AI）を活用した植物フェノタイピングと

次世代型植物工場システムの研究開発や育種プロジェクト

JAPAN PLANT FACTORY ASSOCIATION

産業技術総合研究所

柏センター
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Kashiwanoha Campus, Chiba University



植物工場の拠点 千葉大学柏の葉キャンパス 植物工場研究会

JAPAN PLANT FACTORY ASSOCIATION 7

As of 2023
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Fixed bench

3 trusses, 4 crops/y, 6blocks

5,400 plants/10a
Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 



Source: Website of H.Ikeuchi & Co., LTD.

Environment control (temperature, humidity and VPD)  and automatic pest control

9Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 



Showa Denko

Signify(Philips)
Source：Japan Plant Factory Association
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Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 



種子繁殖型イチゴ
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https://seedstrawberry.com/yotsuboshi.html

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 



柏の葉にある多目的な植物工場

10,000 heads/d 3,000 heads/d 700 heads/d

Seedling 
Production

Hotel 
Restaurant

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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Home-use



https://miraigroup.jp/ 13

@Kashiwanoha 



https://ibdiner-kashiwanoha.owst.jp/

@Kashiwanoha 

14Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 



15

J
A

P
A

N
 P

L
A

N
T
 F

A
C

T
O

R
Y
 A

S
S
O

C
IA

T
IO

N

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 



https://www.mitsuifudosan.co.jp/business/development/kashiwanoha/

新産業創出

健康長寿

環境共生

“「住むだけで健康」を目指す”
柏の葉スマートシティ

16
Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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柏の葉スマートシティとの共創

https://www.kashiwanoha-smartcity.com/info/topics/80/

https://www.kashiwanoha-smartcity.com/info/topics/39/

https://www.kashiwanoha-smartcity.com/info/topics/60/
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Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 

https://www.kashiwanoha-smartcity.com/info/topics/80/
https://www.kashiwanoha-smartcity.com/info/topics/39/
https://www.kashiwanoha-smartcity.com/info/topics/60/
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https://npoplantfactory.org/jpfasymposium2023/

持続可能な未来に向け、多様な目的・用途を有する人工光型植物工場の活用方
法・役割・技術課題と方向性、地球生態系の一員として植物工場を用いた社会
活動、多様で柔軟な食料・植物生産システムの可能性について、「住むだけで
健康」を目指す柏の葉スマートシティにてオープンディスカッション・国際共
創を目指す

https://prtimes.jp/main/html/rd/p/000000001.000123796.html
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Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 

https://npoplantfactory.org/jpfasymposium2023/
https://prtimes.jp/main/html/rd/p/000000001.000123796.html


講演者/パネリスト

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 

人工光型植物工場

Plant Factories 
with Artificial Lighting (PFALs)



植物工場と持続可能性
・省資源

⇒水量1/50、肥料1/2
・環境保全

⇒無農薬、廃棄分50％減
・高品質野菜

⇒超きれい、機能性強化
・100％トレーサビリティ
・夜間余剰電力利用、スマートLED照明利用

高資源効率・高生産性
周年安定生産

環境

食料

４大問題を同時解決

生活の質

22

エネルギー

資源

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 



Product Output
Unit value x Quantity
Oxygen (O2)

Resource Use Efficiency (RUE) =Output/Resource Input 
costs and produce, and the cost performance (CP) of the PFAL 
can be estimated online

植物工場における生産  データ

人工光型植物工場：高断熱性・高気密性

Source: Shinnippou
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Plant Factories with Artificial Lighting (PFALs)

植物工場

投入資源
-CO2 

-Electricity
-Water
-Fertilizer
-Seeds 
-etc. 

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 



Dashboard (12 display screens) of the PFAL management 
system (SAIBAIX) developed by PlantX Corporation and 
installed at a commercial-use PFAL. The power factor indicates 
the electric energy use efficiency of the air conditioners.

Photo taken at Chiba University

Ca2+

K+

Mg+2
NH4

+

Date and time

Electric power consumption of LEDs

Date and time

Vapor pressure deficit
Air temperature

CO2 supply rate

Power factor

Date and time

Date and time

Changes with time in rates of net photosynthesis, 
transpiration and electricity consumption 

24
Copyright(C) 2024 Japan Plant Factory Association All rights reserved. Kozai (2020)
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Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 

Plant phenotype-based environmental control 
taking into account business-related factors

(Hayashi, 2023)



Ohyama et al. (2002; 2005; 2006); Yokoi et al. (2005); Kozai et al. (2012) 
26

Theoretical max. RUE and RUEs in PFAL and Greenhouse

RUE Max. RUE PFAL Greenhouse

Water 1.0 0.96 0.02-0.03
CO2 1.0 0.88 0.4-0.6

N, P, K, etc. 1.0 0.8-0.9 0.5-0.7
Seeds 1.0 0.95 0.8-0.9

PR energy (Q) 0.11                
(max. quantum yield=1/9)

0.027 0.017

Electric energy 0.06 (= 0.5*Q) 0.007 ------------

Copyright(C) 2024 Japan Plant Factory Association (JPFA) All rights reserved. 



人工光型植物工場

 ＋ 高生産性
＋ 安定性
＋ 再現性

 ＋ 予測可能性

環境制御
Creating Environment for plants 

with multi-objective function

27
Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 

AI, IoT, Robots, 5G, VR, AR, modelling and simulation

高資源利用効率



日本
北米

ヨーロッパ

中国

シンガポール

植物工場研究・ビジネスの国際化・多様化
英・独・伊・仏・蘭etc.

28

産学官プロジェクトの活発化

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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世界における植物工場関連企業（一部）2022年

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 



米国の植物工場マップ（2022年時点）

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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2022年

The Future of Climate Tech, svb, 2022

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
31



The Future of Climate Tech, svb, 2023

2023年

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
32



The relationship between average apical 
photosynthetic photon flux density (APPFD) 
applied during the flowering stage (81 days) and 
inflorescence dry weight (A), harvest index (total 
inflorescence dry weight / total aboveground dry 
weight) (B), and apical inflorescence density 
(based on fresh weight) (C) of Cannabis sativa 
‘Stillwater’. Each datum is a single plant

Rodriguez-Morrison V, Llewellyn D and Zheng Y (2021) Cannabis Yield, Potency, and Leaf 
Photosynthesis Respond Differently to Increasing Light Levels in an Indoor Environment. Front. 
Plant Sci. 12:646020. doi: 10.3389/fpls.2021.646020 33



34https://www.pnas.org/doi/10.1073/pnas.2002655117
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ekonoke ホップ栽培

https://www.ekonoke.com/



•1980s  1st PFAL generation: HPS Lamp
•1990s  2nd PFAL generation: Fluorescent Lamp 
•2009～ 3rd PFAL generation: LED (particularly after 2012)

36

Copyright(C) 2024 Japan Plant Factory Association (JPFA) All rights reserved. 

国内の植物工場における背景と動向

人工光型植物工場施設数の推移

※ 平成31年度の「人工光
型」は、研究開発や展示
目的等のものも含まれて
いた可能性がある。
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https://jgha.com/wp-content/uploads/2023/03/TM06-04-bessatsu1.pdf



Plant Factories with automation in Japan in 1980 – 1990s

The International Exposition, 
Tsukuba in 1985 

Daiei supermarket at Lalaport Funabashi, Chiba

Source：Mr. Nakamura, Especmic

37

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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Seedling Production System

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 

Photo：Eri Hayashi https://technofarm.com/innovation/

国内の植物工場における背景と動向
•2017～ 4th PFAL generation
大規模化: 安定生産の重要性
➔小売から業務用へ (全国規模)
自動化, ロボット技術

   機械学習 (AI)
フェノタイピング
選抜・育種

   連携, Open Data 
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国内の植物工場
LEDの使用開始年

https://jgha.com/wp-content/uploads/2024/04/TM06-05-bessatsu1.pdf

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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主に太陽光発電を使用・検討

国内の植物工場
使用電力/自然エネルギーの利用

使用電力（人工光型） 自然エネルギーの利用（人工光型）
https://jgha.com/wp-content/uploads/2024/04/TM06-05-bessatsu1.pdf

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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国内の植物工場
コスト比率（2023年）

https://jgha.com/wp-content/uploads/2024/04/TM06-05-bessatsu1.pdf

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 

https://jgha.com/wp-content/uploads/2022/04/TM06-03-bessatsu1.pdf

【参考】国内の植物工場
コスト比率（2021年）
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Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 

国内の植物工場
生産・経営上の課題と対策・工夫

https://jgha.com/wp-content/uploads/2024/04/TM06-05-bessatsu1.pdf



スプレッド テクノファームけいはんな 

栽培室のオートメーション化

45

https://technofarm.com/keihanna/
Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 



テクノファーム成田 Jリーフ（ENEOSグループ）

• 大規模自動化工場

• 2021年6月30日創業

• 日産3万株のレタス生産

• テクノファームけいはんな の 2 倍
となる 28 段の栽培棚

• 敷地面積：約 8,000 ㎡

• 太陽光パネルを設置

• ENEOS グループ遊休地の有効活用

46https://www.spread.co.jp/files/news_20210701.pdf
Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 



• Large-scale PFAL with automation
• Started operation in June, 2021
• Production: 30,000 heads (4 t) of leafy 

Lettuce/day
• Land area: approx. 8,000 ㎡
• Cultivation floor area: 2,500 ㎡

• Solar panel installation (300 kWh)

• Effective use of idle land of ENEOS group

• Global GAP certified

https://www.spread.co.jp/files/news_20210701.pdf
Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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テクノファーム成田 Jリーフ（ENEOSグループ）



• Automation in cultivation room

• 70% automation of the whole process 
(sowing, seedling, transplanting x 2, 
growing, harvesting, trimming, 
packaging)

• 28 layers of each cultivation rack 
(twofold of Techno farm Keihanna)

• 20 of 19 m -high cultivation racks

https://www.spread.co.jp/files/news_20210701.pdf
Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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テクノファーム成田 Jリーフ（ENEOSグループ）



Techno Farm Fukuroi

49

https://tc-farm.co.jp/

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 

• Production capacity:

10 ton lettuce/day
• Automated PFAL

中部電力



Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 50

https://jgha.com/wp-
content/uploads/2023/03/TM06-04-bessatsu1.pdf

＊ベビーリーフを除く

https://jgha.com/wp-content/uploads/2024/04/TM06-
05-bessatsu1.pdf

2022年 2023年

国内の植物工場
主要品目に係る作業比率（レタス類）



51https://vegetablegrowersnews.com/news/80-acres-farms-expanding-production-beyond-ohio/
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国内植物工場
建物延床面積に対する

衛生管理エリアの床面積の割合

https://jgha.com/wp-content/uploads/2023/03/TM06-04-bessatsu1.pdf

2022年

Copyright(C) 2024  Japan Plant Factory Association All rights reserved. 



Source：Shinnippou

-第1工場 :2014年~
-第2工場: 2017年~
-日産2万株のレタス生産
-センシング・データ取得

-Original NFT system
-Automation
-Solar Panel 

データ駆動型オペレーション: 新日邦 808 Factory 

53

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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Source：Shinnippou

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 

Data-Driven Operations: 808 Factory 



Sensing/Monitoring
Resource Use Efficiency

Hygiene & Process Management

➢ Food Safety

➢ Clean: No Need to Wash

➢ Consumer Awareness

➢ Consistent Supply

Source：Shinnippou
55

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 

Data-Driven Operations: 808 Factory 



Source：Shinnippou

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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Creation of standard operating procedures based on data

https://jgha.com/wp-content/uploads/2023/03/TM06-04-bessatsu1.pdf

Environment Management

Phenotype
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https://shop.bdspublishing.com/store/bds/detail/workgroup/3
-190-125660

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 



58https://www.808factory.jp/

Green Leaf Frill Lettuce Silk Lettuce Romaine Lettuce

808 Factory: Products 

Copyright(C) 2024  Japan Plant Factory Association All rights reserved. 



59Photo: Eri Hayashi



https://www.planetfarms.ag/en/

Planet Farms（イタリア）

60

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 



https://www.verticalfarmdaily.com/article/9636715/planet-farms-launches-pesto-line/

61

Planet Farms （イタリア）

Copyright(C) 2024  Japan Plant Factory Association All rights reserved. 

植物工場産バジルを使用したペスト



Agricola Moderna （イタリア）

62
https://agricolamoderna.com/i-nostri-prodotti/ Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 



63
Copyright(C) 2022  Japan Plant Factory 
Association (JPFA) All rights reserved. 

A-Plus

Photo：Eri Hayashi
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https://www.especmic.co.jp/download/pdf/ENG_PlantFactory.pdf

https://www.especmic.co.jp/download/pdf/PlantFactory.pdf

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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日本における植物工場の資源別生産性および
金額換算生産性の推定範囲例 

古在豊樹, 浦勇和也, 甲斐剛, 林絵理（2019）人工光型植物工場に関する生産性指標の種類、定義、計算式
および注釈. 農業および園芸. Vol. 94 No.8 p661-672

番
号投入資源の種類 資源生産性の範囲例 金額生産性の範囲例

（kg/1000円）
生産コストの範囲例

(円/kg）
①
電気エネルギー 0.11 - 0.14 kg/kWh 7.1 - 8.3 120 - 141

②
作業時間 7.7 – 10.0 kg/h 6.5 - 7.7 130 – 179

③
栽培面積 0.25 - 0.33 kg/m2/d 5.3 - 7.1 141 – 189

④
その他の資源 - 6.7 - 9.1 110 – 150 

全投入資源 - 1.5 – 2.0 501 – 659

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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日清紡

Copyright(C) 2024  Japan Plant Factory Association All rights reserved. https://www.nisshinbo.co.jp/news/news20170809_1631.html
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Oishii Farm in the US

https://www.verticalfarmdaily.com/article/9428604/oishii-opens-new-product-segment-by-introducing-20-dollar-berries/

Copyright(C) 2024  Japan Plant Factory Association All rights reserved. 



68Photo: Eri Hayashi
Copyright(C) 2024  Japan Plant Factory Association All rights reserved. 

Oishii Farm “Omakase Berry”

$20/pack in 2022

$9.99/pack in 2024

$50/pack (8-11) 



https://prtimes.jp/main/html/rd/p/000000007.000075385.html



https://prtimes.jp/main/html/rd/p/000000007.000075385.html



https://oishii.com/



https://prtimes.jp/main/html/rd/p/000000007.000075385.html



Monetary productivity (yearly sales/yearly cost) 
of selected crops

Factors
Leaf 

lettuce
Rice

Straw-
berry

Cherry-
tomato

Whole sale price (JPY/kg) 1,200 300 1,600 500

No. of cropping/y 23 3.8 1 1

Yield (kg m-2 y-1) 69 3.8 20 100

Yearly sales (JPY/m2/y) 82,800 1,150 32,000 50,000

Electricity cost (JPY/m2/y) 11,730 58,650 23,460 34,500

Production cost (JPY/m2/y) 58,650 293,250 117,300 172,500

Yearly sales/Yearly costs 1.4 0.0039 0.27 0.29

73

Copyright(C) 2024  Japan Plant Factory Association All rights reserved. 

Kozai, T., E. Hayashi and Y. Amagai (2020) Plant factories with artificial lighting (PFAL) towards sustainable plant Production. Acta 
Horticultuare 1273 (IHC 2018, Istanbul, Turkey). 251-259.



ホクサン

https://www.hokusan-kk.jp/news/pdf/20200207mono.pdf

https://www.youtube.com/watch?v=zKCmIZcu0Lg&t=555s

https://www.hokusan-kk.jp/product/interberry/index.html

動物用バイオ医薬品

74

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 



コメで作った飲むワクチン「ムコライス」（MucoRice-CTB）

75

http://s-park.wao.ne.jp/archives/1144

MucoRice-CTB

https://www.ims.u-
tokyo.ac.jp/imsut/jp/about/press/page_00104.html

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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PPFD (arb. units)

A+B+C+D
A+B+C

A: Temperature

B: Vapor pressure deficit

C: Nutrient solution flow rate
D: Nutrient solution composition
E: Air current speed 
F: CO2 concentration 
G. Light quality A+B

A

A+B+C+D+E+F
A+B+C+D+E

A+B+C+D+E+F+G

Optimal PPFD for photosynthesis affected by other 
environmental factors

76

Optimal PPFD

Copyright(C) 2024  Japan Plant Factory Association All rights reserved. 

Kozai (2020)



PFALs can achieve relatively simple and accurate data acquisition, 
time-series analysis, and plant growth or phenotypes prediction, 
including resource use efficiency or productivity with a unit of 
time in PFALs

77

Product Output
Unit value x Quantity
Oxygen (O2)

Production in PFALs  Research 

PFALs：highly airtight and thermally insulated

Source: Shinnippou

PFAL

Resource 
Input
-CO2 

-Electricity
-Water
-Fertilizer
-Seeds 
-etc. 

Copyright(C) 2024  Japan Plant Factory Association All rights reserved. 



https://xn--tv-asahi-lc4gyeo159g.co.jp/doraemon/story/0501/

Visual (and hopefully other) sense of Plants !???

78



実測

植物フェノタイ
ピング技術開発

RGBD画像

精
度
比
較
・
実
証

播種後7～28日 播種後21・23・25・28日

収穫後の破壊調査
栽培棚で測定

画像処理
（MLとCV）

フェノタイプ予測
草丈、葉面積、葉重量

2592データ*

1728画像*

*3サイクル実施
4回/日取得

Franchetti, B.; Ntouskos, V.; Giuliani, P.; Herman, T.; Barnes, L.; Pirri, F. Vision Based Modeling of Plants Phenotyping in Vertical Farming under 
Artificial Lighting. Sensors 2019, 19, 4378. https://doi.org/10.3390/s19204378に加筆

Agricola Moderna Vision Based Modeling of Plants Phenotyping

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
79

https://doi.org/10.3390/s19204378


80

Gozzovelli R., Franchetti B., Bekmurat M., Pirri F. (2021). Tip-burn stress detection of lettuce 
canopy grown in plant factories, in Proceedings of the IEEE/CVF International Conference 
on Computer Vision (Montreal, BC: IEEE; ), 1259–1268. Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 

チップバーンの検出



Phenotype

植物特性(P)

Genotype 

遺伝特性(G)

Environment 

環境(E)

Phenotyping Genotyping

Omics
Management 
ﾏﾈｼﾞﾒﾝﾄ(M)

Metabolomics, proteomics,
transcriptomics, genomics, etc. 

Search & inference engines, application software & its interface, 
big data, software for measurement, control and visualization

AI

分子生物学
手法の導入

植物特性・環境・マネジメントデータ全体の連続計測と解析
⇒環境制御＝パラダイムシフト

植物工場にて植物を生産しながら
植物群落・個体別に連続計測・解析することの重要性

相互作用

相互作用

・植物の個体別の成長⇒栽培空間占有率の変化
・群落内で個体同士が競合・密集

栽培マネジメント
（例：種子の加工、
播種、移植、スペー
シングなど、自動化
も含む）

植物個体・群落

相互作用・応答
時系列的変化

栽培環境
（植物体周辺の
Microenvironment
含む）

相互作用・応答
時系列的変化

植物個体・群落

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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Phenome (P)

Genotype (G)(micro)Environment (E) 

Phenotyping Genotyping

Management (M)

AI

(Plant traits)
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Copyright(C) 2024  Japan Plant Factory 
Association All rights reserved. 

Interaction

Interaction

- Plant density?
- Spectral reflectance of 
cultivation space (panels/system)
- Human/machine intervention
- Seed processing
- etc.

Environmental 
setpoints

Cultivation room 
Environment

Plant canopy

Plant community

Above

Within

Above

Within

Single leaf

Individual plant

Plant community
(shoot/root)

Air

Light

Root-zone Revised from (Kozai, in press)
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植物体の有無におけるPPFD分布の相違

同じ照明設計下における
PPFD分布
・植物体なし：栽培エリア
表面（上）変動係数4.2%

・植物体あり：葉面（下）
変動係数44.6%

LEDランプ

分布曲線

Saito, K.; Ishigami, Y.; Goto, E. Evaluation of the Light 

Environment of a Plant Factory with Artificial Light by Using an 

Optical Simulation. Agronomy 2020, 10, 1663. 

https://doi.org/10.3390/agronomy10111663
に加筆

植物工場の栽培面における光合成有効光量子束密度(PPFD)の
二次元分布に関する先行研究の一例

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 

https://doi.org/10.3390/agronomy10111663
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各種カメラと画像処理AI技術による表現型計測は環境制御および
育種における重要技術になりつつある(Hayashi et al.,2022) 

• 種子発芽

• 苗成長

• 密集した群落

• 果菜類などの花芽形成､開花､結実､成長､成熟

85

--- ---

複
雑
さ

(Kozai, 2024)
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フェノタイピングシステムを用いた個体別の発芽時間(GT)の推定
およびmicroenvironmentとmanagement factorによる影響分析

～植物工場におけるコホート研究～

Hayashi et al. Phenotypic Analysis of Germination Time of Individual Seeds Affected by Microenvironment and Management Factors for 
Cohort Research in Plant Factory. Agronomy 2020, 10, 1680. https://doi.org/10.3390/agronomy10111680

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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GT および SST の散布図 
1) 変動SATとVPNS 86%, 2) 変動VPNSとSAT 20℃
各300個の 非コート種子（UB）とコート種子（CB）

87

A B

C D

(Hayashi et al., 2020)

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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Time-course increasing changes in projected areas 
of the cotyledon (Ap-c) and true leaves (Ap-t) of individual seedlings

(Hayashi, 2022)

In gray:
Dark period

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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個体別の積算水平面PPFDと地上部乾物重（Wd）

✓ 相対的な成長速度
が大きいほどバラ
ツキが大きい

(Hayashi et al., 2022)

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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J.W. Huebbers, J.F. Buyel, On the verge of the market – Plant factories for the automated and 
standardized production of biopharmaceuticals,

Biotechnology Advances, Volume 46, 2021. https://doi.org/10.1016/j.biotechadv.2020.107681.

https://doi.org/10.1016/j.biotechadv.2020.107681


Copyright(C) 2024 Japan Plant Factory Association (JPFA) All rights reserved. 91
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Light simulation Software (C) MTI Ltd.
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Plant phenotype-based environmental control 
taking into account business-related factors

(Hayashi, in press)



PFALs can achieve relatively simple and accurate data acquisition, 
time-series analysis, and plant growth or phenotypes prediction, 
including resource use efficiency or productivity with a unit of 
time in PFALs

94

Product Output
Unit value x Quantity
Oxygen (O2)

Production in PFALs  Research 

PFALs：highly airtight and thermally insulated

Source: Shinnippou

PFAL

Resource 
Input
-CO2 

-Electricity
-Water
-Fertilizer
-Seeds 
-etc. 

Copyright(C) 2024  Japan Plant Factory Association All rights reserved. 

資源自立型
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新たな社会
Society 5.0

96

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 

「サイバー空間とフィジカル空間を高度に融合させたシステムによ

り、経済発展と社会的課題の解決を両立する人間中心の社会」

第5期・６期科学技術・イノベーション基本計画

https://www8.cao.go.jp/cstp/society5_0/



97https://www.soumu.go.jp/johotsusintokei/whitepaper/ja/r02/html/nd141100.html

データ主導型の「超スマート社会」

Copyright(C) 2024  Japan Plant Factory Association (JPFA) All rights reserved. 
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For plant production and evolutional research



Development of LCA-Multidimensional Map (LAMP): A Platform to Support Information 
Sharing and Formulate CO2-Level-Reduction Plans toward Zero Emissions

Hikosaka, S.; Hayashi, E.; Nakano, A.; Kasai, M.; Yamaguchi, T.; Kozai, T. Development of LCA-Multidimensional Map (LAMP): A Platform to Support 
Information Sharing and Formulate CO2-Level-Reduction Plans toward Zero Emissions. Sustainability 2023, 15, 16066. 
https://doi.org/10.3390/su152216066
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Plant Factory-based Well-being
Multi-crop tailored production, based on big data analysis of phenome, genome, environment, 

resource inputs/outputs and management

High quality/value 
Vegetables

Nutritious crops

Medicinal Plants

Consumer

Retailers
Personalized Medicine

Food and Health
Plant Socialization

Design, Art

Traceability

Clean Energy

Artificial Intelligence

Sustainability

Open Data

Research
Education

Quality of Life

On-demand Production
High speed Breeding

Smart 
Restaurants

Culture Art

Social Economy Healthy 
Entertainment
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Kashiwa-no-ha
Smart City



Thank you !!

Contact: ehayashi@npoplantfactory.org     
info.english@npoplantfactory.org

For more:  https://npoplantfactory.org
@npoplantfactory
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