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Liu, J., et al.. (2018). Nature Sustainability, 1(9), 466-476.
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Sustainable

Urbanisation
0‘0 Global

Initiative

¥ (suGh
FOOD-WATER-ENERGY NEXUS

M:nex

design for the food energy water nexus

2. RO RABEL
SUGI NEXUS/M-NEX
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Action Fields Finance Governance
Enabling
factors|

Society incentives

Accelerating access,

integrating the bottoy /—-\

of the pyramid

;’L’at‘ir Food
PPy security
security
Economy
Creating more
with less /
Environment

Nexus
perspective

Investing to sustain
ecosystem services /

Urbanisation Population growth Climate change
Global trends

2011, Bonn, Nexus Conference

Innovation

To promote:

Water/energy/
food security
forall

Equitable &
sustainable
growth

Resilient,
productive
environment

Hoff, Holger. 2011. “Understanding the
Nexus. Background Paper for the
Bonn2011 Nexus Conference:” Stockholm
Environment Institute, no. November: 1-
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C. Energy for
water (Power Nexus
Food
Energy
11% \ 80-90% D E
i | D. Energy for food E..Food for energy
(Power, Gas) (Biofuel)

Ferroukhi et al., 2015
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Sustainable Urbanisation Global Initiative (SUGI): Food-Water-Energy Nexus
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(2018.4-2022.3)
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Connecting interests
and investments
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more than 50 countries on 6 continents BELM‘fNT
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Projects overview

S u Sta i n a b I e Topic1 Robust Knowledge, Indi sand A t: @ Environmental Sustainability and resilience
Topic 2 Multi-level Governance and Management @ Urban Governance and Participation

Topic 3 Managing Strategies and Solutions

Urbanisation

‘ Project Urban Thematic | EU Urban SDG SUGI SUGI SUGI
‘ ‘ G I o ba I Living priority Agenda call call call
‘ Lab inSRIA* | Theme Topic1 | Topic 2 | Topic 3
L ] @ 5

I n I t i a t Ive CITYFOOD [ } ( ] 10.9,10.7,12.5 1.6 [ ) ( } [ J

* (S U G l ) Creating Interfaces | @ [ ) 10.9,12.1,12.4 1.6 [ )

CRUNCH [ ) [ ) 10.7,12.4,12.5 1.6 [ )
- ol QI = ~vV NLC cC *
WATER-ENERGY NEXUS BELM’,FNT ° ° °
— ENLARGE 10.7,10.9 1.6
F O R U M

FEW-meter [ ) 10.9,10.7,12.5 1.6 [ ) o

FUSE o [ ) 10.9 1.6 [ ) [ )
GLOCULL [ ) [ ) 10.9, 12.1 1.6 [ ) o [ )

IFWEN o 10.9, 12.1 16,13 | @

IN-SOURCE [ ] 10.9,12.3 1.6 () [ )
METABOLIC [ ) 10.5 1.6 ()

‘lM-NEx ) ) 10.9,12.5 1.6 )
SUNEX o 10.9,12.1 1.6 [ ) [ )

Urbanising in Place () 112"93’,1;‘_11&;113:3’ 1.3,11.6 [ )

« s ' S Vertical Green 2.0 [ ) 10.7,10.9, 12.5 1.6 )

N
URBAN EUROPE
WASTE FEW ULL ) @ [105,10.7,109,125| 1.6 ()

* JPI Urban Europe Strategic Research and Innovation Agenda, 2015



SUGI Kick-off Meeting in London, 2018/066/11-12
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(SUGI)

FOOD-WATER-ENERGY NEXUS ‘
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Minex gkl d—Smn /A—aw

design for the food energy water nexus

by Wanglin, YAN, the M-NEX International Consortium
EiA®. BERZ2KRF
M-NEX is the acronym of the SUGI granted project (2018-2021):
“The Moveable Nexus: Design-led urban food, water and energy (FEW) management innovation in
new boundary conditions of change”
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Co- de&gn Co- produce CO Dehver

FEW solutions at 6 Urban Living Labs/6 2® 1) E /7 S 7RI TFEWY Ja—>3 >

Amsterdam | Belfast Detroit

: with transdisciplinary stakeholders
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MTDERLFEWR IS ABEAN, THYHAUoRERO7TO0—F

Design-led Nexus Approach
BHICBET ST 1> T~ 50 TEELT, FEWDT—K « 48 + 5l » —ILEER « S L. 711 VF

FEAMCK D TTIS v R T2 =L (M-NEX) ERE L BiicFE « Dt ED D< DDEZ Z%HE T S,

WP.1
WP.2
WP.3
WPA4
WP.5
WP5.1
WP5.2
WP5.3
WP5.4
WP5.5
WP5.6
Note:

Project management/#fti5
Design Platform/7- ' >/
Evaluation Platform/z¥{dh
Participation Platform/Z 10
Living Labs/&1J E >SN
Belfast, UK

Doha, Qatar

Detroit, USA

Sydney, Australia

Tokyo, Japan

Amsterdam, Netherlands

KO : Kick-off; X5 — k
SP: Strategic Plan; BXERIREE
FSP: Final Strategy Plan; Ex {8 iR E

wikil~6: incremental M-Nex platform by wiki-like ICT tools.
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M-NEX Design Workshop: Belfast
[2018-10.08-2018.10.12]

M-NEXKick-off meeting in Sydney
[2018.05.12 - 2018.05.16

- -k ~ IV
M-NEX Design Workshop: Detroit
[19.06.30 — 19.07.05]

M-NEX Design Workshop: Sydney
[19.11.02 - 19.11.09]

AT
M-NEX Design Workshop: Tokyo
[21.02.08 - 21.02.1Q]

%o M1, -
M-NEX Design Workshop: Amsterdam
(virtual) [20.10.03 — 20.10.5]

(virtu

M-NEX Design Workshop: Qatar
[19.02.22 — 19.02.28]

/

|

M-NEX Design Workshop: Groningen
[2020.08.02 — 2020.03.06]

+ Living Lab
activities with
stakeholders

o
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NEXUS Principles

Moveable Nexus Design Solutions
ROYADIRE M-NEXD P J0O—F T UEFBER (Bl
v' Investing to sustain W € Mobilizing FEW resources o )
ecosystem services P —. O Visualize Ecosystem services
Bl e IK e S _’R)/ \ N » =
v ERERY —E20R s O £RERY—E20ORZ 31
DEDHICERETD

v Creating more with less

v IDISNWERBETXKD — VAN i e
A e t RABORMEROAND O ST Y

@ Integrating Technology O Design Urban Agriculture

v Accelerating access,

integrating the poorest @ Delivering Knowledge O Redesign Urban Food Life
vV INTOANCPOEZAD » & JBZEMEREAICREITD O AHOREEDT Y1
MAZIRHRT S J L

>v>

o



Measuring the costs of Food, Thermal energy, Electrical energy, Mobility, Water, Waste in ecological print.

Marine Establishment .

\ /9/*'

FEWprint city

Energy (3x)

future

b.a.u

Select pre-set years:
Present, 2030, 2050 or 2080

Scenario comparison:
Status-quo vs. Future scenario

FEW print:
Calculate shares of CO, emission
Where lies the potential for improvement?

Carbon emission per person Carbon emission, future scenario

3000
I

2500 bt
3% 21%
2000
1500
1000
500
0
kg/cap/yr
= Waste 201 37%
Water 30 53
Mobility 91
Energy, Thermal 1038
Energy ,
Electrical 849
Food 572 Food ' Energy, Electrical ® Energy, Thermal = Mobility = Water

(Y Sustainable Urbanisation
Y oo G (suGh
0OD-WATER-ENERGY NEXU

= Waste

S~ — JLFEW print® B #/M-NEX Evaluation Tool-FEW print

[

Business as Usual

FEWprint

The Netherlands
Amsterdam

Amsterdam Kanaleneilanden

Food, Energy & Water carbon footprint

Kattenburg
Population: 1801
eholds: 1001
Future scenariol 2030

Future scenario

ton ton
1518 Food 1030
1529 Energy, Electrical 1529
1869 Energy, Thermal 1869
163 Mobility 123
55 Water 55
620 Waste 363
5754 Total carbon emission [ton] 4968
- Difference [ton/yr] 786
3195 Per capita [kg] 2758
100% Difference [%] -14%
Carbon sequestration [hect]
426 368
Forestry - Newly planted

BELM#=NT ursaN EUROPE
F O R UM =

“ European
Commission

()
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Sectoral carbon emissions [kg/cap/yr]

12000 = = 55 e o
. FEWprint | Scen. 3: Diet alternative: biow imal
.‘:"Qi” .‘W"-V -r."p"' AT A L ~; . P 7 - = i
= T : 57 >
8000 = = ? = -AM 3 =~ o
6000 f————1

4000

2000

TOK AMS DOH BEL

DET

W Food [JElec. mThermal M Mobility ®Waste [ Water

Sectoral carbon emissions [%]

*J—)L: FEWprint® B ¥ & &Rt fiE] EL B2

assume 75% local production

100% 4% 0% 10% 20% 30% a0 50% 60% 70% 80% 90%  100%
90% 21%
80% |
70% 34% 30% [ o]

29%
60% 50%
613 Mwh,/yr
50% H = = Total thermal energy demand 2103 Gl /yr
40% | 29% | | 25% | | 44% | | 13% ; Total water demand 6420 m3/yr
30% || B % Carbon emissions FOOD sector: 3176 > 1649 ton/yr
S
20% 28% S
b L e
32% o 36% S
29% [T
10% 21% Y open field reenhouse - outdoor space for
10% « farming Rorticuiture rattores animal feed farming | animal housing animals
0%
TOK AMS DOH BEL DET 12,8 8600 2550 1,6 834 1,6
COFood OElec. @Thermal M Mobility EWaste @OWater . il el fh el T

(z2)



M-NEX® # 1t /Developing the M-NEX Platform through design workshops

Politics HEMP BRI HH=RE PIPEE fBIRfEH BHIMNERF LIUIVR
BUABUR
Concept Urban#Bise Urban#Bm= Urban/#B 77 Food indus.  New Food FEW tower/ Adaptive city
VTR ¥ renewal % Farming DX Access ParkREZ Nexus/ B & H FEWS ) — ZibEmER ™
avz BLeb Site visiting231td GIS Mapping Visualisation/ {81t

Design/TH'1 >  Conference/=:%  Evaluation/F{i

ParticipationZ00  Actors/ 25—  Actor Network Plasticine/3DXIE

5th WS, Groningen
Technology Aquaponics/7K3t  Green house/J2Z Plant factory/{&¥ T 15 FEW Y25 A FEW TR 7 —A
B
4th WS, Sydney

Fundamental Demography Climate Mobility /el/gn method
factors (Religions/Races) (Arid) ‘
o hh— AX RS 3rd WS, Detroit Geomorphology  Urban systems Dietary table Building forms

(G UUNED) (Fz @1t /rfw print YT A BSE/ BYRR

2" WS, Doha
Principles . heagement .
&8l Multi-scale/ ZRE gag Area as KPI Nature based Effectiveness Food as entry FEW as common
i HERE BRRLE WMREWR BREFNHNHODIC  ground
15t WS, Belfast FEWTCT=9 <HD
WS style B=RDOY AN
Kick-off, Sydney
2018.05 2018.10 2019.02 2019.07 2019.11 2020.03 2020.10 2021.2
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Typologizing Baseline Future Design Evaluation
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p e Focd e FEW-print
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Landform/fdﬂ,ﬁ/ TRILF— ee T

Topography(DEM) /ith##&

FRRT-ERELTO
FEW. RO XBETR

B9
- BRANOBERE
EEMNROUE
HE—ABESIR

» Nature-based Design

BN —AMD&5T CEkil

and technology - b=z

« Urban agriculture « BIX

« Renewable energy « BEIKIMEEHEE
* Permeable surface -«

T — U
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FEWprint
tab

(1) Food

(2) Energy

(2) Energy

(2) Energy

(3) Water

(4) Waste

(4) BIWE
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Ho-HT, *7PHREIZ

@Link, Connection @A series or group
D>y, 2B&HY SY—=X, TN—=7

https://www.thefreedictionary.com/

Food
o« —©
Water-Energy
Energy
o—° Water
Land use-Transport
Land use
PR
. Population
Health-Environment
Transport

3)Center or core

Bl &%

Joining

Junction Connection
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BHRO T RAFRDRIED

I Global scale

Regional scale

Transboundary and National scale

o One paper O Five papers

Urban scale Other scales

EFWL T L/

EFW|

FW|. - ) ® ] >
EF|. . P
EA|° ‘

before 200920102011 2012 2013 2014 2015 2016 2017

Integrating
& Optimizing

Assessing

& Quantifying & Forecasting

Understanding

e = [ I Ty i GV = DIRSTA] = VAN A

Research purpose

i
Existing tools @ Specific tools | ® WEFO
|
|
! @ CLEWs
o e
I© Modified SWAT |
| |
|
|© WEAP !
|
| |
I LEAP :
| |
|
|¢ CGE |
_l____________________l __________________ 1 ______________ 4
i @ Network analysis )
I
! I
| & System dynamic model !
I
I
i @ Indicator systems '
oo
I
Input-output analysis : :
! I
I
Life cycle assessment : :
! |
J I
T I
R ce-Envir tal A t and Systematic Optimal Management
Footprint Simulation Method type
SE - BEaE SfevIal-—Yso saze FEF;
B8R - RIE&T i e =2 ¥av REE HF)

Zhang, Pengpeng, Lixiao Zhang, Yuan Chang, Ming Xu, Yan Hao, Sai Liang, Gengyuan Liu, Zhifeng Yang, and Can Wang. 2019. “Food-Energy-Water (FEW) Nexus for Urban
Sustainability: A Comprehensive Review.” Resources, Conservation and Recycling 142 (July 2018): 215-24.
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Table 1. Results of evaluation 1

Study scale
Author, year FEW Trigger Geographic
Siegfried et al (2010) W —F Sub-national
Davies and Simo- W —F Global
novic (2011)
Giampietro etal (2013) 3 cases: National and sub-national
F-W
F—-EW
E—-W,F
Howells etal (2013) E— W,F National
Villarroel Walker et al — Urban
(2014)
Mohtar and Daher (2014) F—>EW National
King (2014) W — E,F Sub-national
Al-Ansarietal (2015) — National
Karlbergetal (2015) E— W,F Regional
Mukuve and Fenner (2015) F—EW National, sub-national
and local
Guillaume et al (2015) F— EW Regional
Villamayor-Tomas et al W — EF Urban and sub-national
(2015)
Rasul and Sharma (2016) — Regional

Note. Gray shading denotes st ks.
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4. Transport mode detection by Mixed Logit Model

o  Explanatory variable
»  Grocery store choices within 500m by walk

X N »  Distance of nearest grocery store
.K A . A family of number
" 5. The model applied to the target area
o Grocery store choices within 500m by walk
»  Service Area Analysis by ArcMap
o  Distance of nearest grocery store
»  Finding the closest facility in ArcMap
o Afamily of number
. Divide proportion to the building
GHG Emission
Avg o  Explained variable
[ o *  Transport mode
= 2 O- Ozioo 5 o Result: McFadden R?: 0.58577
\ [ 400 -600
. [ 600-800
[ ] 800-1000
[ ] 1000- 1200
[ 1200- 1400 Traffic Mode CO: (g/km)
1400 - 1600 Car 137
[ 1600 - 1800
2 [ 1800 -2000 Bus °
X - Bicycle 1.8
Walking 0 l@
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]
Normal Allotment Garden  Tax-advantaged -Allotment Garden ~ Farmer’s store
Legend I [ 1] 1 o
Area 191,445m? 10,867m? 125,761m? 102,775m? 9,743m? 9 stores
Rate 45.5% 2.6% 29.9% 24.4% 2.3% -
Self sufficiency 9,073 people 515 people 5,960 people 4,871 people 462 people -
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Target area for survey
of solar panel installation status

RES
25
% R THEANE
0 02505 1 km
gt
Target bldgs.  Target Area Flat roof -PV Slanted roof -PV

Legend ] ] I

Area 645,805m?2 2,278,865m2 302,662m? 7,091m? 343,143m? 3,776m?

Number 4625 bldgs. - 1274bldgs. 46bldgs. 3351bldgs. 134bldgs.

Generated energy - - - 1157(house) - 616(ho’isk)




- \,A?,\i’—:ﬁklll‘ﬁl?
N, ~N, — —
7K O 1%@ 77 0

iy e
a7 §f7/\ A==
A

DY/ /N‘/
@, WO

AT >

W5

= AT
NN eSS /)

50m
Green cover  Grassland Farmland Forest Bare eaﬁlﬁm Buildings
Legend I 2Km 246 # H AT
Permeability* - 36.00mm/h - - 18.00mm/h 8.64mm/h 3.60mm/h 0.36mm/h
Area - 0 4.13ha 2.64ha 3.67ha 104.42h23
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100m

—fiRt EERH TRRE REFAMEX FLER E

JLAI 1 [ V4 1 V4
EfR (m?) 191,455 125,761 10,867 102,775 772,673 2,527,169
RHE TEE FEW print
BR 9.8 (t/ha/year) 18.5 ha
/R 11103.3 (kwh/ha/year)
225 ha
HZ 1289.2 (mé/ha/year)
7K 7674.0 (m3/ha/year) 0.5 ha
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Detached house Detached house Condominium Apartment house Apartment house
FifEs with store v>var (Apato) (Danchi)
IEEGtERREE FI8— b 3=l

Fig.8 Building Typologies in Tokyo«
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PLANNED SUBURB AD-HOC GROWTH AREA TOKYO CENTRE

Danchi

Low-rise residential

Mixed-use area

Dense urban area

Image

Population density (/ha)) 80 102 76 357
Distance to nearest station (m) 600 1000 1350 150
Distance to CBD (km) 22 22 15 8
Vegetable demand (t/ha/year) 7.20 9.76 7.08 32.74
Electricity demand (kwh/ha/year) 7480.67 11103.33 6162.90 56662.16
Gas demand (m3/year) 871.2 1289.17 682.26 5822.97
Water demand (m3/ha/year) 5179.84 7674.00 3956.13 32805.41
Farmland or kitchen garden (m?) 0 0 1463 0

PV panel (m?) 0 102.8 91.9 102.5
Roof with rainwater tank (m32) 0 0 0 0
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