<
88
"
25
O
o




3GE COLLECTION ON AGRICULTURE

VERTICAL FARMING

3G




3GE COLLECTION ON AGRICULTURE:
VERTICAL FARMING

3G E-LEARNING

© 2019 3G E-learning LLC

90 Church Street

FL1 23514

New York, NY 10008

United States of America
www.3ge-learning.com

email: info@3ge-learning.com

Authored and Edited by 3G E-learning LLC, USA

ISBN: 978-1-98462-373-7

All rights reserved. No part of this publication maybe reproduced, stored in a retrieval system
or trans- mitted in any form or by any means, electronic, mechanical, photocopying, recording,

scanning or otherwise without prior written permission of the publisher.

This book contains information obtained from highly regarded resources. A Wide variety of
references are listed. Reasonable efforts have been made to publish reliable data and informa-
tion, but the authors, editors, and the publisher cannot assume responsibility for the legality
of all materials or the consequences of their use. The authors, editors, and the publisher have
attempted to trace the copyright holders of all material in this publication and express regret to
copyright holders if permission to publish has not been obtained. If any copyright material has
not been acknowledged, let us know so we may rectify in any future reprint. Registered trade-
mark of products or corporate names are used only for explanation and identification without

intent to infringe.

Notice: Registered trademark of products or corporate names are used only for explanation and
identification without intent of infringement. Case Studies and/or Images ;Sresented in the book
are the proprietary information of the respective organizations, and have been used here spe-
cifically and only for educational purposes. Although care has been taken to check accuracy of
formulas and procedures, the detailed methods should be tested further on a small scale before

being adopted commercially.

For more information visit about 3G E-Learning LLC and its products, visit www.3ge-learning.com



Table of Contents

Chapter 1

Chapter 2

Preface Xi
Introduction of Vertical Farming 1
INtrOd UGN i e 1
1\1Overview 'of Vertical:Rarmiiliiiciuinninnni . 2
LAl L MEtROAS s.rnitisninrsomesarnssivetite s - 3

1.2 High-Tech Indoor Farming

1.3 Vertical Farming Innovations

1.3.1 Futurism the Rise of Vertical FaIm ..........ccvuevevermrvremreriressemsersersees 25
1idFactorsiofiVertical Farm Success 29
1.4.1 Space-use Efficiency and ProductiVity .........ccc.eererreurrrrorrerrrrersreees 29
14 2 Labor Costs .. e e 30
143 Profitability ... e T 31
1.4.4 Environment and Plant Health............ccce.eeurirermemimemscmvmsesmsessesssens 32

1.5 Best Crops for Vertical Farming
1.6 Advantages of Vertical Farming

1.6:1 Economic Advantages: . e e e

1.6:2/Environmental AdVantages e SRSy 37
1.6.3 Social advantages. R 38

Vertical Farming Technology 49

IO AUICEIONY 5 e o saaessncstssehasssondes s temns Bt L L oo NNV R :

2.1 General Structure of Vertical Farming

211 MIAETIAL .- cevitemrsincnsnssnssronssess st e e e e e R 52
2.2 Lighting System

2.2 Natural L g g e 53

2.2 2 Solar il . o e ey 54

2.2.3 LRI SYStEINL...uiuicassesiaassesiasicescsisntsssesiismanse tostioas e ias e s e

2.3 Water Required
2.3.1 Water Retrieval by Means of Recycling
2.3.2 Water Retrieval by Means of Dehumidification.........ccccovenninna 57




Chapter 3

Chapter 4

2.4 Renewable Energy in Vertical PALtING o.ovsisisissorssnssassssssusomissisnsemssomsvissessome 57
2.4.1 Replacing Electricity Energy with Solar Energy ......cccoucuu....... 58
2.5 Farming System ......coummsisissnses

2.5.1 Crop Selection ......cuuscusmsssssssssssisssssssssssssssisssssassssssesssesiasssiasinensione
2.5.2 Hydroponic and Aeroponic
2.5.3 Aquacultural Sub-system
D VeSO K Y OC UG O Y 2r7z o rer s it avseivsi sivisdassssissvicnscesonieosssismmar
2.6 Controlled-Environment Agriculture (CEA)

................................................................

................................................ 62
2.6.1 FIVAC SUD-8Y/StCTIN  cicverssesensrssesiasesesssvassscaedsensrasness sneensassatiosmestenssessosns 65
2.6.2 Waste Management Sub-system..........c.cccccuruccreirivcvuvvniirnnn.... 67
2.6.3 Smart Devices
UTINIINOALY s voccnesestuteressetaoseeesesetatraessesaemsodsrs rsed e sotresoir e et eds o soeess oo o
R OfCTOIICES T . cosisivs s e srstobeeiss s tess s i sar e evsathsssvansiaeaseasanssssssony NI 71
Urban Farming 3
o ] s 0 e o T T e PP i oo 73
3.1 Perspectives of Urban Farming..............cceeeseesssessssesessessmesesmssssomesooeoooonn. 75
ST b A AT e e e L 76
3.1.2 Community-based Urban Agriculture ..............o.oooomooveoeooooo 78
3.1.3 Public Urban AGTiCUIUIE w....ucuueesesesurseesreseessssmmsaeeeseessseeeseeeeeeeeeeeeee 79
3.1.4 Benefits of Urban Agriculture..........eeuueuueueueeeesssssesssesooooooo 80
3.1.5 Benefits of urban farming vs. Traditional farming.........ocooun.......... 86
3.2 The Impact of Urban Agriculture on The Household and
EocaliEconomies e 0 6 90
3.2.1 Urban growth and I e e e 93
3.2.2 Urban agriculture at the household level ... 100
3.2.3 Urban agriculture and regional impacts’..i.i.fs e S 102
3.2.4 Urban policy issues and recommendations ...............oooene.....o.... 107
3.2.5 Final conclusions and implications for
L Ceb e 111
s i o e 113
BefEences s R L iy S 115
Vertical Farming Market 117
R e S RO 117
R DA e NS e et 118
4.1.1 Meaning of e B 118
4.1.2 Role of LT e R 120
4.1.3 Current Concepts in Marketing: ..................................................... 121
4.1.4 Growth of Marketing: . NS S 122
i 2itaedne Sl T M s 123

vi



| © 423Growlight ballasts.....
G - , 4.3 Hydroponics component

43.1 Water filters, .. 139
4.3.2 Pumps and irrigation .. 140
4.4 Climate control 142
4.4.1 Ventilation fans 142
4.5 Sensors 143
4.5.1 Temperature sensors 144
4.5.2 CO, sensors 144
4.5.3 Nutrient sensors 145
4.6 Software 146
4.6.1 By Structure 146
4.6.2 By Growth Mechanism 148
4.6.3 By Crop Type 155
Summary 165
References 167
Chapter 5 Hydroponics Farming 169
Introduction 169
5.1 Hydroponics 171
5.1.1 History of Hydroponics 171
5.1.2 How does a Hydroponic System Work? 175
5.1.3 What is Hydroponics Used for? 176

5.1.4 Why is Hydroponics So Popular for Indoor Gardening In
Particular? 177
5.2 Types of Hydroponics Systems . 179
5.2.1 Wick System ...... 180
5.2.2 Water Culture System 181
5.2.3 Ebb and Flow Hydroponic System ‘e 182
5.2.4 Drip Systems Recovery / Non-ReCOVETY ........cc.coooueuunruiecnsusnunnens 183
52,5 N.ET. (Nutrient’Film Techhiquie) bisiiiniisaninintnnisssninsisns 184
526 ACTOPONIC SYSEEIN 5itsisitehinmmsrsserissor et L A 185
5.3 Types of Hydroponic Lighting ..., 186
5.3.1 Traditional Grow Lighting Systems..........cvinne, 187
5.3.2 New Types of Indoor Lighting Systems............cccverniinenieninnnns 188
5.4 How to Build a Hydroponic Garden ..., 190

vii



Chapter 6

5.5 How to Grow Plants Using Hydroponics ..., 198
SUIMUTVALY crceussssnssesssssssssssssssssssssasssssssssssssssnssssassssssssssses000s 0010000010000 205
REECTCIICES 1vvvvuecssessassisssnsesssatsssinsssssssssssessssasssssesssshasssssssssshsssessasssssssssessssssssesssainsssss 206
Aeroponics and Aquaponics Farming 207
IO ETOAUCHON 1 cvsvenenssnsnsessnsesesssasssasensassssssssssssssssssnsssssssssssssissssnsnssassasssssssnssssssssassass 207
6.1 ACTOPONICS SYSLEIM covvvvvvvureesssssssessssmsssssssesssssssssssssssssssmssss s 208
6.1.1 Difference between Aeroponics and Hydroponics.................... 210
6.1.2 Importance of AeropOnics SYSM c.....vvcumsussmsiusssssiniussissisissisinnes 210
6.1.3 Design and Materials Required for Aeroponics System............. 211
6.1.4 Types Of ACroponics SYSteM co...uewruusseessssmmiussssmssssssisssissssnississenies 212
6.1.5 Crops are grown in Aeroponics System or Types of
Plants to Grow in Aeroponics System........oocuerieeuemuisminieiinnes 213
6.1.6 Advantages Of AETOPONICS SYSteM..uu.ruuurrissersssirrissssisssinnsssinnisecae 215
6.1.7 Disadvantages of Aeroponics System
6.1.8 Bottom Line of Aeroponics Systeml.........coucururureusrinimsissiisieniens
6.1.9 Aeroponic Features of the Controller System...........cccvwumnennees 217
6.2 Balancing Nitrification and
Denitrification in AQUApPONIC SYStEMS w..u.uucvuerrucismsiinniurcasnismissassissiens 218
6.2.1 Simple Backyard AQUaponic SyStem.......cocouwrumiiuiniiinsisinssenes 218
6.2.2 Impact of Nitrogen on the System ... 219
6.2.3 Do Not Overcrowd the Pond.........cccoviiininnncnicissisinees 219
6.2.4 Use Denitrification to Lower Nitrogen Levels ..........ccooviience 219
6.3 The Aeroponic Growing System 220
6.3.1 The VAP Vertical Aeroponic Growing System.........ccocoueunnienes 221
6.3.2 Advantages of the Aeroponic Growing System...........ccuuuwwewenns 222
6.3.3 More Advantages of the Aeroponic Growing System ................ 223
6.4 215t CeNtUry ACTOPONICS .....uuuurrrariassimsssssssmmssssssssssssssssssssssssssssssssisssssss 20
6.4.1 CONtEMPOTary ACTOPOMICS .....uuuuursssssssssesssssssssissssssssssssssssassssssssss 224
6.4.2 Aeroponic Bio-pharming ... 228
6.4.3 Large Scale Integration of Aeroponics........ouuveee.
6.5 AQUAPONIC SYSEIMS .ovvvvvsssnsissniessmssisssss s 227
6.5.1 Parts of an AQuaponic System ..., 228
6.5.2 Live Components of Aquaponic Systemi........c 229
6.5.3 Biofilter for AQUApoNics SYSLeMS ......occiiiniiinn, 232
6.5.4 Operation of AQUapPONIcs SYSIeMS ... 232
REIOTEIICEE i1 ivriasaiss nsim ki tas st iE8 b A AR A TR AP RIS AADARIA TN IR LAARAE3ATAN3ARARAA 239
viii



Chapter 7 Opportunities and Challenges In

Sustainability of Vertical Farming 241
IO EEOAULCHIOTN  tisire it eskeeuasssnestessensssusensesonsonbonssnsinssstsssansnsonasuasasuanssusssnessassassassorsonsarsss 241
7.1 Sustainable Agriculture Land Use Methodology.......owuuueemmcsieissesssnnaas 243
7.1.1 Vertical Farming Raises the Bar for Sustainable Agriculture..... 244
7.1.2 Create a Sustainable, Economical Vertical Farm........ccosvueviesenes 246
7.1.3 How Sustainable is Vertical Farming?......c...ccoovmvnrseissisnisescnssnesnns 254
7.1.4 Sustainable Indoor Vertical Farming in Action..........coveusiuecesesenns 259
7.2 Opportunities and Challenges In
Sustainability of Vertical ECO-Farming......c.coceevevueussssnisseerseninssinenesssaens 262
7.2.1 Opportunities of Vertical ECO-Farms ..........ocovuvvurininiensnsessiscsinne 263
7.2.2 Challenges in Sustainability of Vertical Eco Farms ..........ccccceuee. 266
7.2.3 Environmental Impacts of Agriculture ...........cccocvvererrsvureriinencee 276
N T Y s ceprr om0 DK O G e Do e one e 283
T GO S R et ae e tevecas st T chess st o ts franbestevassdsmevataseeniastssszasdsrectvees 284
Index 287
ix




3GE COLLECTION ON AGRICULTURE
Vertical Farming

In recent years, urban agriculture has become a popular countermovement, which aims to reduce the
environmental impact of conventional agriculture, increase food security, and enhance social cohesion in
cties. The continuous trends of increasing population, urbanization, lessening water supply, and conting
ing climate change have contributed to declining stocks of arable land per person. As land resources for
agniculture decrease, policy makers are faced with the challenge of sustainability and feeding the rapidly
growing world population which is projected to reach approximately 9.7 billion in 2050 Solutions for
improving future food production are exemplified by urban vertical farming which involves much greater
use of technology and automation for land-use optimization. The vertical farm strategy aims to significant
ly increase productivity and reduce the environmental footprint within a framework of urban, indoor,
climate-controlled high-rise buildings. Recently, the application of Vertical Farming into cities has
increased. Vertical farming is a cultivating vegetable vertically by new agricultural methods, which
combines the design of building and farms all together in a high-rise building inside the cities. This
technology needs to be manifest both in the agricultural technique and architectural technology together,
however, little has been published on the technology of Vertical Farming.

The Vertical Farming is the advanced level of agriculture technology where this has to be practiced when
there is unavailable of land and other requirements for the perfect structure of farming mode. Vertical
Farming system is designed for the future purposes where the sources such as electricity, low level of water
availability are may or may not be occurred in the future days. So in the way of handling those situations
the system involved with the renewable resourcing process, where the wind mill can be used to generate
electnaity for the water pump process for supplying water to the crops, and solar energy are also added
additionzally to generate power for the producing of artificial sunlight to the crops.

This book entitled “Vertical Farming” deals the methodology, harvesting technique, water management
and crop cultivation & yielding process. Considering the recently industrial revolution carbon dioxide
gases is highly increased in very high manner, resulting in climate change and global warming effects in
agricultural production. As growth in population is increasing rapidly and area of agricultural land is
decreasing bought about the world’s food security issue. Food sustainability improved by urban agricul-
ture for a country and urban area’s formation affected through its effect on planning, design and construc-
tion. All though adoption of concept of vertical farming with the growth of urban agriculture is not a
straight forward process. There are numbers of factor to consider, for example, cultivation quantity and
quality, design and supporting technology, in order to successfully implement vertical farming in the city.
This concept can be used to explore the utilization of vertical spaces for horticultural crop production in
urban areas. Increase in production of food by such technique can be used for conversation and recycling
of natural resources. Sustainable urban growth can be achieved through ecofriendly vertical farming. Use
of organic crop can reduce the Food borne diseases and illness.

This book explains how the vertical farm will have an incredible impact on changing the face of this planet
for future generations.
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