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Selected case studies in the manual




Food-Energy-Water and Sustainability
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Case study in Energy sector of the manual

 Biomass gasification technology for local communities

R\ el
SYNGAS %" BIOMASS

OXYGEN

GASIFIER

Using volumetric continuous biomass
gasification technology

The biomass gasification project by Oxfam




Case study in Energy sector of the manual

« Smart home technologies for greater energy-efficiency

Xiaomi smart home integrated appliances



Case study in Water and Food sector of the manual

 Agricultural irrigation technology — safer and more efficient irrigation

A Precision Mobile drip irrigation (PMDI) system




Case study in Water and Food sector of the manual

 Vertical and indoor farming

LED LIGHTING

LEAFY GREENS
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CLOTH MEDIUM

SOLUTION
CHAMBER

Aeroponics, AeroFarms




Case study in Food sector of the manual

 Technology for food waste reduction
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An integrated e-commerce platform for agricultural products and food processing




Integrated solutions for circular systems

Understanding nexus in a system




Food-Energy-Water nexus




Food, energy and water systems are intertwined

« Water for food » Energy for food
production production

« Wastewater from food » Food wastes for energy
production generation

o —

« Water for energy production
« Energy for water supply &
wastewater treatment




Food, energy and water systems are intertwined

/~ Farming-
Forestry.
Animal
husbandry.
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Material and Energy Flow Analysis

Modeling individual FEW systems

Identify interdependence of FEW systems

Constructing FEW network




Case study

« City-region concept: core and surrounding areas
* Detroit Metropolitan Area (DMA): six counties
* Time point: 2012
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https://en.wikipedia.org/wiki/List_of_United_States_urban_areas

Layout and structure of the FEW network
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Food system

 Food supply chain: N/P fixation, production, processing, retail, consumption, food

wastes, discharges

N/P

in nature

Crop and straw

Land

Water

Energy

Landfilled
N/P

Imports

Solid wastes
(Sludge, Fly ash)




Energy system

*Energy supply chain: fossil fuel extraction, fossil fuel processing, electricity

generation, energy consumption, emissions

Energy loss Energy products Solid wastes
Water o Wastewater
— Liquid fuel/coke —
| production v
: Fossil fuel Storage & Water/Air
Fossil fuel g
RS HHES " extraction l distribution . e | - " pollutants
| Electricity/ gas 4
Imports 4 production 4 Exports

— —

Renewable energy sources
Solid wastes for electricity & biogas




Water system

» Water supply chain: water withdrawal, water treatment, water supply & uses,

wastewater collection, wastewater treatment, residual processing, emissions

Water for uses

& water loss
Surface water Ground water Wastlewater'
withdrawal withdrawal & Rainwater

(containing N/P)  (cantaining N/P) (containing N/F)

Freray | ~ Water treatment > dist;?zﬁiun Be | ma wc?c'lsllt:::ut?utsr — Wastewater loss
ch ? I \—b Residul W Y Treated wastewater
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Imparts —_— Water reuse P Exports

Dehydratéd sludge



Results: general inputs and outputs
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INPUTS

Domestic

N 19.2 kt
P 1.8 kt
Water 4.7 Bt
Energy 6 PJ
Imports

N 76.8 kt
P 15.3 kt
Energy 1,034 PJ

-
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production husbandry i
Crop and straw lMEnLIrE | >
Retail l
Fertilizer Crop Fnud
production prudut:tlun processing | I
* Food loss 1
Straw 1 I
Food| loss 1
I
food system | Sludge Sludge |
il
1
Storage f Wastewater 1
Water treatment —> distribution |.|SE : —> collection |I
i v !
: ! I
Chemical Residual Wastewater I |
LSES processing | treatment I I
| ' * I
Water reuse ! | I
Water system : 1
v A il
| |
Liquid fuel/coke I : I
production v : I |
Fossil fuel l S.I]Jr'.agE.E Usg —|— 4
extraction distribution |
Electricity/ gas 4
production
Energy system

OUTPUTS

Domestic

N to nature 56.4 kt
P to nature 9.3 kt
Wastewater 4.3 Bt
Water loss 333 Mt

Heat loss 1,002 PJ
Exports

N 9.6 kt
P 5.1 kt
Energy 38 PJ
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Results: N flows

 Food system: N input 95.5 kt, N output 65.4 kt
« Water system: N input 13 kt, N output 12.6 kt
* Energy system: N input & output 1 kt
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Results: P flows

Food system: P input 19.1 kt, P output 16.3 kt
Water system: P input 3.2 kt, P output 3.0 kt
Energy system: P input & output 0.2 kt
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Results: Energy tflows

Food system: input & output 113 PJ
Water system: input & output 7 PJ
Energy system: input & output 1,027 PJ
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Results: Water flows

Food system: input & output 489 Mt
Water system: input & output 2,081 Mt
Energy system: input & output 3,263 Mt
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Spatial Food-Energy-Water nexus

E R

1972 2011 2015 2021

{The limits to growth) ~ Bonn Conference Most explore the relationship  Analysis all three

subsystems

Region 1

> —

Region 2

» How to quantify the
direct and indirect
spatial interconnection
of food-energy-water

systems?




Environmentally Extended Multi-Regional Input-Output model

2012 China 31 provinces 72sectors
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Environmentally Extended Multi-Regional Input-Output model
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FEW Nexus from the Demand Perspective

Taking water SUDSYStem as the COrc |
In 2012, China’s final demand of food products

¥ ’e - Dfectwaterwificiawals 7 Indrect water wiltdraal drove 251 billion tons (Gt) of water withdrawals,
2 0 while final demand of energy products drove 7 Gt
i, of water withdrawals. |
% B > The proportion of indirect water withdrawals
’ Z induced by final demand of food products in each
0 j‘> province is over 22%o, indicating its significance.
@gg » The final demand of energy products in most
g g;‘ provinces drives more indirect water withdrawals
; 02 than direct water withdrawals.

e L EScES5EBS52 8558885585828 88 285

BEES §§ ”EE”‘EEE‘ E"EE% : Eggﬁggggkgsgg’g » Guangdong, Jiangsu, Shandong, Heilongjiang are

5 F

critical regions for water withdrawals.

Fig. Direct and ierirect water withdrawals in China induced by final demand
of food (a) and energy (b) products in each province




FEW Nexus from the Demand Perspective
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Fig. National water withdrawals induced by per capita final demand of food

products (a) and energy products (b) in each province
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> Water withdrawals driven by the final

| demand of food products in less populated
Xinjiang are also large, mainly due to the
relatively high water withdrawal intensity

of the agriculture in Xinjiang.

» On a per capita basis, final demand of

energy products in Heilongjiang drives a

large amount of water withdrawals, as well

as Shanghai.

-
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FEW Nexus from the Demand Perspective
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» The interprovincial virtual

water flows occupy 37% and
27% of the total water
withdrawals induced by the
final demand of food and

energy products, respectively.

a From the northern regions to
the coastal developed regions

b From the MCR, NW, and
NE regions to the MYR, NC,
and EC regions

e From the MYR and NW
regions to the MCR, NC, EC,
and SC regions




FEW Nexus from the Demand Perspective

Results at sector level

> Rice
> Swine

» Production of thermal power
» Petroleum processing, coking
and nuclear fuel processing
» Production and supply of gas

Water withdrawals induced by the final demand of
food and energy products are overestimated based on
Liu’s original MRIO tables. Sectoral disaggregation
contributes to the accuracy of results.

Fig. Water withdrawals induced by the final demand of each
food sector (a) and each energy sector (b) in each province
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(b)
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m Cattle ® Sheep m Swine = Poultry

u Other animal husbandry = Marine products Freshwater products Farm products processing
# Food manufacturing = Beverage manufacturing = Catering

100%

= 80%

=}
3
o

Water withdrawals (%
.
=)
S

20%

0%

TR L LR R W

II||I|||||IIII|||||I|||I||||||||||I |||

® Production and supply of gas ® Production and supply of heat pd
m Supply of electricity B Production of solar power

® Production of wind power ¥ Production of nuclear power

B Production of thermal power Production of hydropower

u Petroleum processing. coking and nuclear fuel processing ® Petroleum and natural gas extracti
® Coal mining and dressing

100%

80%

60%

Water withdrawals (%)

eijing
ianjin

Hebei
Jilin

Heilongjiang
Tibet

Fujian
Jiangxi
Henan
Hubei
Hunan
Guangdong
Hainan
Chongging
Shaanxi
Gansu
Qinghai
Ningxia
Xinjiang

Anhui

Shanxi

Inner Mongolia
Jiangsu

Zhejiang

m

Liaoning
Shanghai
Shandong
Guangxi
Sichuan
Guizhou
Yunnan



FEW Nexus from the Supply Perspective
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Fig. Direct and indirect food N harvest (a), food P harvest (b), and energy extraction (c)
in China enabled by primary inputs of sectors with water withdrawals in each province
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' In 2012, primary inputs of sectors with water

" withdrawals enabled 53 Mt of food nitrogen
harvest and 8 Mt of food phosphorus harvest.

. Meanwhile, primary inputs of sectors with water
. withdrawals enabled the extraction of 2956 Mt of
. standard coal equivalents (Mtce).

» The proportion of indirect food harvest enabled by
primary inputs of sectors with water withdrawals in

each province is over 26%.

» The direct energy extraction enabled by the primary
inputs of sectors with water withdrawals is 1756
Mtce, and the enabled indirect energy extraction is
1200 Mtce.




FEW Nexus from the Supply Perspective

(a)

/> Primary inputs of sectors with water

withdrawals mainly occur in coastal

Water withdrawals (Mt)
[=})
(=]

. ~ regions (e.g., Guangdong, Shandong, and
(b)

800 Jiangsu) and enable local energy

00 . extraction and food harvest.

N -
____________________________________________________________________________________

__________________________________________________________________________________
-~ ~.

Water withdrawals (IMt)
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0 » Primary inputs of energy extraction sectors

in Tianjin, Shanxi, and Inner Mongolia

600 E
jl> . have extensive impacts on water

Water withdrawals (Mt)
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Fig. Water withdrawals of each province enabled by primary inputs of
energy extraction sectors in Tianjin (a), Shanxi (b), and Inner Mongolia (c)




FEW Nexus from the Supply Perspective

@ o DO @6 6® @
8| |- Jule - oo > The interprovincial energy
i - O | (oo [ o1 o extraction and food harvest
e oyl e enabled by primary inputs of
\==me. e me water withdrawal sectors

% — account for 13% and 10% of

i 13431 920| 667 {1127 833 | 753 | 321 | 101164119 13| 45 ()
Energy extraction (Bilion I\ o A4 |77 B 119|630 [1898)1220] 950  s0.1| [ 142 [BER 143 96 172|143| 70 |@ the total en abled energy
s 4 783 (1193 [GEM 530 1535 1023(01.7{ s90| | 128|192 8.1 [222] 142(138] 52 [®
nit: Mtce J . / Y M
[ 211 - 420 B FEI " . [ y 59.2 (1171 50.1 1048/ 67.3| 63.0| 28.8 9.5 [197] 6.4 152 96 [ 95 | 40 |@ extractlon and fOOd harvest.
I 20-938 [ WEI ." B ] - Ll o 718 1230/ 59.9 131.8| 80.6| 43.1 125 156] 9.0 188(12.1{ 6.0 |
702 16| 1155 67.2 {115 R 76.4 | 30.3 1.1 150101 [21.4 [0l 115 42 |©
629 1440 77.1 | 57.61104] 657 24| |100 98 | 86 | 160 95 34 |@ FIOWS
¢ :s.glso.s 313(202|59.1| 414|202 d| 45 [137) 10 | 31 | 86 | 58 | 4.4 BEE® P TI T T I T T I T T T T T T T T T T T T T T T T T T T E
1
a _ . b From the NE, NC, MYR, and
g 105.0(151.5(16291133.6| 1168|1016 81.4| B 180203 0|43]30|q i ]
== ] . g 3
' % s sl =) 2 B 0s o5l 0 0 0o+ NV regions to the MCR, EC,
d B 35035020 URE G ~ R X 525592 830(732842| 526|417 49| 34 05 39 [102] 62 |@ I - 1
. Sre o B SC, and SW |
S\ Il 520 - 11311 CJEWI o 101.9(1266{ 1155 BEBR1492{ 1143 908 | 39.3 28| 19| 01 [EERS 22| 60|33 |@ : ’ an reglons :
C 11821499 1116|788 8997|2512 147| 85 [103|®) _ ____________________________________________________________________________________________________________________________ N
927 419|030 4227|® : . ]
1367 1463 R 67.9 2421|0403 [168] 28 25 |@ i C_d From the NE, and SW reglonS :
e 748 [1030| 87.5 | 93.6 [13.4| 77.0| 59.8 fl 13|12 ]02]02|142] 15| 20 : to the NC’ and SC regions :
1 1

Kt

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

. T From the coastal regions to the
. MYR, NW, and SW regions

230{105| 69 [129167] 85 | 5.7
73 12| 42 |131] 143 69 | 51

SERYE/T
fc { 06| 14|38]03]0s| 150504
® i 113220682227 14| 11

.
\ e ' 1 oL

3 7 :
2 2

Food harvest (Billion CNY)
[ ]19-270  Unit Mt
I 270 - 425 B W NI
Il +>5-5s0 [ W_FP_I

=1 EFN_I

ey Stial food—enérgy—water nexus &

s

@906 e e




FEW Nexus from the Supply Perspective

" Rice = Wheat wCom
il crops m Cotton w Sugar crops
® Tobacco W Vegetables ® Fruits, nuts, beverage and spice crops
u Other crops W Forest cultivation and planting W Logging and transport of forest products
= Bovine cattle = Sheep and goat Swine
eSu S a Sec Or eve Poultry = Other animal husbandry = Marine products
¥ Freshwater products W Agriculture services ¥ Coal mining and dressing
= Petroleum and natural gas extraction = Metal ores mining and dressing = Nonmetal and other minerals mining
Farm products processing Food manufacturing Beverage manufacturing
Tobaceo products manufacturing = Textile industry Textile garments, footwear. caps. leather. etc.
= Timber ing and furniture Paper printing. cultural, educational and sports products ® Petrolenm proceesing. coking and nuclear fuel processing
B Chemical industry B Nonmetal mineral products W Smelting and pressing of metals
m Metal products = General equipment manufacturing = Special equipment manufacturing
P i i i ® Electrical machinery and equipment manufacturing # Electronic equipment manufacturing
® Instrument and cultural office machinery factur u Other facturing W Waster and flotsam
™ Repair service for metal products, etc. ® Production of hydropower ® Production of thermal power
> V I Production of nuclear power Production of wind power Production of solar power
Supply of electricity = Production and supply of heat power Production and supply of gas
(a) ¥ Production and supply of tap water = Management of water conservancy and public establishments
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Potential policies in the manual

» Adopting green fiscal measures to support circular
business models

» Removing fiscal subsidies on fossil fuels and
Introducing market-based mechanisms to put a
price on carbon externalities

» Incorporating circularity criteria into sustainable
public procurement schemes

» Promoting integrated infrastructure planning for a
circular economy

» Fostering local value chains by supporting local
businesses, particularly small and medium
enterprises
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