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@ WEF Nexus?| F1M A

W-E-F Nexus Elements/Functions

Goals and Interests

Different social, economic and environmental
goals and interests related to:

Governance
Population

s Managing the Nexus
growt

Elements = t2|X0|1 HX|E X}2| A 2 (Consumption)
Sectoral policies and

= vested interests
Scenario
Urbanisation Development

International " §7II—.||°LI II'%'I xc;*—l]l e 7E||2| (PO|ICy)

] , STAKEHOLDER oo
, é::‘sﬁvmgan DIALOGUE andprices  — oF3} XIe slo= HE]O
. ging diets = ChFot XM 1® 2 2 21 E 2| [l S (Research)

Cultural and development -

" societal beliefs (
and behaviours / \ Agricultural
d transformations

- Xj2l sz 9l 0|25 8 nt2e(Measurement)

Climate \ Technology and
Change ‘ Resource base innovation

NC K

= XH AlEQ| F71H of|F 3 ™Y (Estimation)

Functions = Ct2$I=l X}2d 7}X| At (Evaluation)

XS SN 2 = Y of|&(Governance)

= X} 0| 8 2 &9°| FClS}(Efficiency)



© WEF Nexus M2 sio| Zie M

> 2(W), oIL{X|(E), Ml2KF) - 2+ XI2l2| 2 (Quantity) 2! Z(Quality)™ H3l= CI= XH20f] a2
O|X|04 Xp2AZF 17| suol ojL|2} 7|5t 2 HI= %'2 (---often it is invisible---)

> 2t AFAZE S0 3 MASERE MEHOE dlMel = Q= 2 Jjo] Eet

> BES 0I§°l AH2lo] giA|ere]| tE= SetEte] A[A|IS nielol ol AHH2| 22} 0| =8 H K57t
"*é *EH
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> 71 3, M= DIAE flet SAHEEEF2M | HE =3 IS

> Rtz 27kt

WEF Nexus Tool (http://www.wefnexustool.com) ANEMI Model Diagram
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@ World Focus Stream in W-E-F Nexus

1972

2011 2005

The Water, Energy and Food Security Nexus, Act of 2005

(Stockholm Environment Institute)

2012 2013

Rio+20; United Nations Policy Forum Berlin2013:
Conference on Sustainable “Realizing the Water, Energy and
Development (United Food Security Nexus”

Nations) (Federal Ministry for Economic

Cooperation and Development of
Germany)

1976

The Limits to Growth The Provision of Energy Service:
(Meadows, et al.) Water, Energy, Land, Material, Manpower
(Grenon and Lapillone)

2000

Bonn2011 Conference : Section 979 of The Energy Policy Millennium Development Goals

(United Nations)

---»

Solutions for the Green Economy (U.S. Department of Energy)

2015
7t World Water Forum

Sustainable Development Goals
(SDGs) (UN 2015)
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Number of papers/reports/articles

Definition/Background 56
Data/Statistics/Standard Values 11
Concept and Modelling 22
Applications and Implementations worldwide 35
Future development opportunity 6

Policy related 6

Total 136
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WEF Nexus Research World Map

Canada
Siminovic(2012)

CANADA

AITEDSTATES OF AMERICA

S.A

Lofman(2010); Fisher(2011);
Dept. of Energy
T

o
MEXICO

cusa

sty - SOMNCANREISUC
BEURZE  JAMAICK o s SR

s o
CORTEHALK  nokDURAS S v
s

ELIACUADGR  MICARASUA AT

T —

COLOMBIA

ECUADOR

BOLIVIA

PARAGUAY

ARGENTINA

Faliand eds Mabvis] (UK

Moo, 4570 19 UNITED NATIONS
May 2010

OIS /A7 OEY A7 A

oAtALE|

oSO Tt Unh

Hoff(2010); Vanham(2013);
Government of Germany;
Government of Sweden

s
FORMER FUGOSLAYREPUEL|

United Kingdom
Byers

Pitzer(2009); Ashlynn(2010); s

TurksaneCaiees nés oK |

IO 5 ToRAGD
VENEZUELA uvame
S

UNITED e
KINGDOM  oENwARK e
IRELAND NETHERLANDS POLAND ~ BELARUS
ECHREP. g, ovaxja  UKRAINE
RAS it m\,.,ﬁ‘e A e orsoLoovA KAZAKHST)
V. OMANI
VIECHTEHSTEN
Anoo 1
s ALY s © sucan GEORGIA

PoRTUGAL SPAIN HOLYSEE ALBANIA AZERBAL
o

TUNISIA Qatar L ks

MOROCCO

ALGERIA LIBYAN|

R
st JAMAHIRIYA

MAURITANIA

SAPENERDE ALl NIGER
NEGAI

Py BURKINA

GUINEA-BI A

SIER)

oMAN

EAMREA  ypyey
osiBouT!

North Africa i
Siddigi(2010); Varis(2010);
Davidson(2013)

NGO
Cable]

Aacaeion (W8) OFTANzANIA Sohin
ANGOLA 5
gy AW
5. Waion (UK
MOZAMBIQUE
N | e MADAGASCAR

AN
TURKMENISTAN

i
UNITED ARAG
5‘"‘" SATAR cumates

Central Asia
Fumagalli(2008); Babow(2012);
Granit(2012); Stucki(2012)

China
Wang(2012); Hu(2013)

MONGOLIA

UZBEKISTAN

PECRLES
“Re? 0F KOREA
TAJIKISTAN
ismmuand

REpUBLIC
| Repor  AFGHANISTAN AR OFKOREA
Mohtar(2013) RAN

PAKETAN. NEPAL BHUTAN

INDIA,
BANGUADESH  yocconcis

MYANMAR DEMREP
THAILAND PHILIPPINES

VIETNAM
CAMBODIA

BRUNE]
DARUSSALAN.
MALAYSIA

Rep. of Korea
NG A B A AT
(2014)

MARSHALL
ISLANDS

SINGAPORE.

INDONESIA

Sri Lanka
Manthrithilake(2012)

MAURITIUS
BOTSWANA Plunion

Fe)
SWAZILAND
SOUTH

AR ,,g LESOTHO,
Tt s Curpa (.}

o South Africa e s
Rodriguez(2013) |

The ot 1386 of o Kestv i 8
agrond oun by Yo i

7 s 1 s
o1 10 Poww aiavend v 4 ol ey recasinany

Australia
Kenway(2013)

Indonesia
Jupesta; Herman; Fahmi

NEW
ZEALAND

Dessrrmenio i o
g Socien



3. ILH2| 7|E AL

@ W-E-F Nexus Models and Tools

Country

WEF Nexus Tool 2.0 2013
ANEMI 2011
MuSIASEM 2013
IMPACT WATER
WESIm 2012

Rabi H. Mohtar,

Bassel T. Daher ety
Mohammad K. Akhtar,
Jacob Wibe, Slobodan P. Simon Canada
ovic, Jim MacGee
Mauritius;
Mario Giampietro et.al India;

South Africa

Tingju Zhu, Claudia Ringler,

E [~ ]

Ximing Cai VIS
Heater Cooley, Matthew Heberg USA
er, Lucy Allen, Robert Wilkinson
NA s
@ Energy 7‘&\r\ Food/
\_/

WEF Nexus Tool (http://www.wefnexustool.com)

Calculate the need of water & energy for food supplied in
Qatar

A system dynamic model for Analyzing the
behavior of the social-energy-economy-climate system

Diagnostic or simulation model to analyze the WEF nexus
considering heterogeneous factors

Analyze the relation of global food supply and demand wi
th the groundwater pumping and energy cost

Scenario-based planning model to analyze the effect of w
ater system changes to energy uses and greenhouse gas
emissions

Production

L Emission index R
Aliveation for o

Agricultare | rdusiriol Emission,

Water
Quality

ertility comtro er Us
N siewater K ater U
- Reuse e
Population
P Wastewarer,
R | Treatment
Water Us
tal Water densi

+ Water

Water Stress

ANEMI Model Diagram
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4. W-E-F Nexus Modeling

© W-E-F Model Scheme

v v

Domestic Demand Data Collection

Production Data Collection

Consump
tion rate

Water Power plant
resources capacity

Population

Supplied

Min{Total Required Demand,

Agricultural Production ‘
g Available Resources}

land area rate

A4

Demand
for Export

Required Direct
Demand

Reliability

(Supplied / Total Required
Demand)

Self Sufficiency

m Required InDirect
Demand

Shortage

A4

Available Yes
. Resources
Total Required
Demand
Import Cost Storage

Available Resources
(t+1)

Finish
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© W-E-F Nexus D/B =

Data

World

Databasd

p— Paper
- oL, &
i DOrt

USIA = United State Information and Administration
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#HEAO = Food and Agriculture Organization of the United Nations
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4. W-E-F Nexus Modeling

@ W-E-F Nexus D/B Layout(1)

- W-E-F 2t XFIO| 271, dle Y Z/40 BN S IAEC 2AAD HA

WATER - ENERGY - FOOD NEXUS DATABASE

Yersion: 7M1%

Created by
KYUNG HEE UNIVERSITY

Population

Water

Energy

WATER CONSUMPTION AND PRODUCTION

Country Profiles

Percentage of Water Withdrawal
Country: Korea, Republic of

mDomestic Use Industrial Use = Agricultural Use

Country : | Korea, Republic of _El
1. Water Withdrawal
Category Unit Value
Total Freshawater Withdrawal Billion m3 25.47
Per Capita Withdrawal m3/capiyr 525
Domestic Use % 26
Industrial Use % 12
Agricultural Use Yo 82
Il. Resources
Category Unit Value
A. Internal Renewable Water Rezources (IRWR)
Surface water Billion m3 6225
Groundwater Billion m3 13.30
Total internal renewable water Bilion m3 64.85

B. Dam/Reservair
Number of dams 54
Total reservoir capacity Killion m3 155588.914
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@ W-E-F Nexus D/B Layout(2)
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WATER - ENERGY - FOOD NEXUS DATABASE

Yersion: TH%

Created by:
KYUNG HEE UNIVERSITY

ENERGY CONSUMPTION AND PRODUCTION

Total Energy Production & Consumption Energy Export and Import
Country: Korea. Republic of Country: Korea, Republic of
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4. W-E-F Nexus Modeling

@ W-E-F Nexus D/B Layout(3)

- W-E-F 2t XpRIo| 27hd, ole e 23/49 EM S 1xHOl 2MAD H Al

WATER - ENERGY - FOOD NEXUS DATABASE

¥ersion: THS

Created by:
KYUNG HEE UNIVERSITY

FOOD CONSUMPTION AND PRODUCTION

Crops Primary Equivalent Supply and Demand
Country: Korea, Republic of

Intensity ‘
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4. W-E-F Nexus Modeling

@ System Dynamics Model (Vensim & Simulink)

Vensim

Water-Energy-Nexus Calculation Tool o525
developed by: Kyung Hee University. 2015

| Population Demand 4 Water Ssctor |

<Domestic water rate>——pPop Water Dk & welotal Water Demand

<Population>

Water 4 Energy Szctor (Electricity Production) |

=Pop. Enargy Demand>

<Hydropomwsr
plant>

<Nuclear powar

<Thermal power plant>
plant>

<wdel> <wdad>

Y.

<wdal®

/

W4Hvdropower B4 ThermalPP WaluelearPF
otal W4Ener
| Water 4 Food Sector |
<Cons Rics> <Cons Meat> <Cons Poultry>
i <wf

b
WiRice Wahlzat W4Poultry
‘otal W4Food
W4Egs WiaVegatables WaFruits
- o
<wf w6
<Cons. Egz> zgatablas> <Cons Fruits>

VS

wd otal Indirect Water Demand

Supply

Simulink

5 c
W =Y

Demand

[: c 3
5] m B

-
T Outt
—{ In2
Direct W 4 E.F
] Int *
Out1 g
] In2
Direct E 4 W,F
] Int *
Out1 >
e
Direct F 4 W.E
1 He|+
—— | total_demand_water
+ L} +
——e]Int
out1
—{In2
WA4EF > -
] Int H
_;4Q out1 - Lo
E4WF
|
] In1 >
v outt » [ E—— v
] In2 L
FaWE
o{inT —In1
L—pe{Inz out1 | In2
L—{In2 ] In3
Benefit Cost

*System dynamics model (A]|2¥] 52 X&) : an approach to understanding the behavior of complex

system over time. It deals with internal feedback loops and time delays of system components. The difference
with other approach is the use of feedback loops and stocks and flows.
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© W-E-F Nexus oA 2 7
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4. W-E-F Nexus Modeling

@ Linkage between Database and Vensim Model

Population

= Population
= Growth rate
= Workers

= Withdrawal
= Available Resources

Intensity

Water for energy & food
Energy for water & food

~

Consumption Rate

= Power plant
» Capacity

Water
Energy
Food

= Farmland area
» Production, consumption
= Export, Import

Production Rate
= Water

BASIC DATA

Country | Korea, Republic of hd
Initial ear 2012
Simulation duration [years] | a0,
Year I 2012
Annual Rainfall [mm] 1526.719231
Population it
Annual growth %]
‘Workers in industry [%]
Catchment area [km2]
Reservoir Capacity [m3]
ar [m3]
Water Limitation

Limitation Number of Unit Value
Minimum Level of Reservoir [% of Reservoir Cap] 350
Maximum Level of Reservoir [% of Reservoir Cap] 100.0
Initial Level of Reservoir [% of Reservoir Cap] 50.0
Minimum Level of Groundwater | [% of Groundwater] 80.0
T Ty || o easlEd 200

Municipal Water]
Environmental Flow [% of Surface water] 5.0
Water Treatment Plant
Type | NumberofUnit | C it (m3) |

Water Treatment Plant

Waste Water Treatment

Desalination Plant

Electricity Generation

Type

Hydro Power Plant

Coal Thermal Power Plan

Natural Gas Thermal Po:

Fuel Thermal Power Planj

Water-Energy-Nexu:

s Calculation Tool. s

= Energy
* Food

3 R Simulation resuits file name
|DemandModel10_TestRun01

A~ | Loeveiopea by kyung Hee unversiy. 2016
Nuclear Thermal Power i ‘8.5
Gl 7 — [
\ Catchessnt A Indal pepalatios
| AnmDn Coowth e
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» Initial population & annual growth

» Available area
» Consumption & production rate
» Water footprint & intensity
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4. W-E-F Nexus Modeling

@ Application - Water-Energy-Food Balance
(i) Verification @yr 2012 ii) Available & Required Energy

100,000 1 Hydrosiectricty Coal Thermal elecricity Natural Gas electricity
. Statiot : 708408 0E L0E07 008400 B0E408 0oEn
imulation atistic
i e s see . s
i 406405 80618 S0E5 RS
- 5.0E+08 ~ s
10,000 ; 50£.05 7008 - . S
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i -10E08 5068 30808 2.0E408
8 ;| om0 126408 Py 1508 e
S 1000 [ soen e e 2scen
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=3 -18E408 206108 20808 .
S bk 105100
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4. W-E-F Nexus Modeling

@ Application — Storage and Reliability
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4. W-E-F Nexus Modeling

@ Application of Scenarios

1) Base Scenario: simulation using data from database
2) Scenario 1: Addition of power plant capacity to increase available electricity (started at 2025)
3) Scenario 2: Addition of agriculture land area to increase self sufficiency (started at 2030).

*Note: the additions were extremely done at same time, just to give a clear effect in entire model.

Results from base simulation Additional capacity for Scenario 1
o= [ Power plant Base capacity Additional
(Mw) capacity (MW)

Mm\muummw ”

— Coal 720 1220

Natural Gas 400 1150
\HHHHH\HHH M HHIHH\HIHWM Fossi Fuel | 39,000 115500
Nuclear 16,440 15,300

Additional area for Scenario 2

||||||||||||||||||||||||||||||| ||||||||||||||||||||||||||||||| ||||||||||||||||||||||||||||||| e Base area | Additional

‘‘‘‘‘‘‘‘‘‘‘‘‘ (ha) area (ha)

----- Paddy field 853,823 1 670,000

||| ; Fruit plantation 33,680 140,000
nrtia|| — Illlll""II““““II"“““I Vegetable plantation 1,488,000 1960,000




4. W-E-F Nexus Modeling

@ Application

Results (Scenario 1)

Hydroelectricity Coal Thermal electricity Natural Gas electricity
6.0E+06 — I 0.0E+00 9.0E+08 . ; 0.0E+00 6.0E+08 N 0.0E+00
\
\ 8.0E+06 ' -5.0E+04 -5.0E+04
5.0E+06 -1.0E+05 5.0E+06
7.0E+08 ! -1.0E+05 -1.0E+05
\
4.0E+08 -2.0E+05 6.0E+08 -1.5E+05 4.0E+08 -1.5E+05
£ £ £ 5.0E+06 206405 £ £ 20E405 £
3.0E+08 -3.0E+05 3.0E+08
£ = £ 4.0E+06 256405 & = -2.5E405 =
2 3|2 5|2 3
5 20E+08 40E+05 § 5 30E+08 | -3.0E+05 £ 5 20E+08 308405 §
3 5 5 5 3 5
= & = 20E+06 B5E+05 & = 35E+05 &
1.0E+06 -5.0E+05 1.0E+06
1.0E+06 -4.0E+05 -4.0E+05
0.0E+00 -6.0E+05 0.0E+00 -4.5E+05 0.0E+00 -4 5E+05
SIP2E2RNIKEREI88SY CIZERNIEREE38BEY SI2ERNAERRE388SY
cEccocogcegSscg8g8882 SEbcgocobgcoms88882 CEoccocoscgcs8888283
RRRRRRRRREKRKERRRESR RRRRRARRARARKRRRREER RRRRERRERRARERERRREER
Time Title Time
m— Available Required = = = Shortage | m— Available Required = = = Shortage | m— Available Required = = = Shortage
Fossil Fuel electricity Nuclear electricity
6.0E+08 — ' 0.0E+00 2.0E+08 3 ' 0.0E+00
A I A - .
\ 1.8E+08 ' Reliability Index of Water Resources
5.0E+08 -2.0E+06
1.6E+08 1)
Surfacewater
o)
4.0E+08 ‘ 20407 148408 -4 0E+06
= = z 1.2E+08 £ Lo
E 3.0E+08 3.0E+07 é E 108408 5.0E+08 é ®
§ 20ew00 woer § || § 35T ! some06 8 o
5 g 2 60E+07 | h H
- & || % somor & Desalinated &
1.0E408 -5.0E407 0B+ -1.0E407 esalinated 4 N Groundwater
20807 water
0.0E+00 -B.0E+07 0.0E+00 -1.2E+07
N @O0 N ©mO N g w o oo Nt OO NT O OO g o oo o
S22 EEB838389 SI22RNIEEEE38BS T
coooocoboo8888833 Sooooccocoocooo80a3
RRRRRRARRKRIKR{KRKER RRRRERRRRRAKRRRRES
Time Time
— Available Required = = = Shortage ‘ m— Available Required = = - Shortage
Reclalmwater

Power plant

(MW)

Base capacity

Additional
capacity (MW)

Hydropower

450

1180

Coal

720

1220

Natural Gas

400

1150

Fossil Fuel

39,000

115,500

Nuclear

16,440

15,300

| —O0—Base Cond —e—Sce 1

Reliability Index of Energy Resources
Hydro

Fossil Fuel

Thermal ‘e Nuclear

Nat Gas's-
Thermal

| —0—Base Cond —e—Sce 1

Reliability Index of Water Users

Municipal
¥Vater

Industrial
Water

Agriculture
Water

—0—Base Cond —e—Sce 1

Reliability Index of Food Resources

Meat
A
o®
Fruits o® Chicken meat
Vegetables Egg

Rice

—O0— Base Cond —e—Sce 1




4. W-E-F Nexus Modeling

@ Application - Results (Scenario 1)
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4. W-E-F Nexus Modeling

@ Application

Results (Scenario 2)
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4. W-E-F Nexus Modeling

@ Application — Results (Scenario 2)

Food Resources
012 '
2042, .o 2013

2036

2035

2004

2033

2031

2004
2025
2026

2060

2028 g 2007

- o= = Food({Basa) ——s— Food{Sce2)

Storage
18,000
16,000
14,000
2 12,000
2
S 10,000
T
S 8,000
5
3 6,000
>
4,000
2,000
0
2010 2014 2018 2022 2026 2030 2034 2038 2042
Time
—O— Reservoir (Sce 2) - ¢ — Reservoir (Base) |
Water Resources Energy Resources
02 92 oos W42 o 2013
2041 T VO 014 2041 1o — 2014
2040 == . 2015 2040 2015
oy 08 » 08
2039 % 2016 2039 2016
o / .
2ms . s ) °e N\, 2017 2038 / o8 2017
o ‘ . *
04 4
2097 . Y 2018 2037 v 2018
' \
2038 ¥ \i i 2019 2036 ,/ 02 2019
2035 & o ’- 2020 2035 {{ o 2020
2034 1 /' 2021 2034 2021
2033 '\ ® 02 2033 2022
» )
2032 7N, 2023 2032 \\‘ 2023
. 2
2031 ~ ,/ 2024 2031 \\\ 2024
2030 e 2025 2030 —_ 2025
2029 5000 2027 2026 2029 500 Son7 2026
= o= =\Water(Base) —e— Water(Sce2) ‘ =—o=Energy(Base) —e=—Energy(Sce2)




5. Future Developments

@ Trading & Optimization Module
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5. Future Developments
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5. Future Developments

@ Trading & Optimization Module -
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5. Future Developments

@ Development steps of W-E-F Nexus Model

- T >
- .

= Review existing
models

= Data collection

» Development of
conceptual model

ol =

» Development of
Database

» Development of
simulation model

= Model calibration

= Link the DB with
model

o B

= Complete the
simulation model

» Develop the
allocation and
optimization
modules

o

= Develop
GUI module

= Develop
Decision Support
module

O\

Current position



5. Conclusions

@ Future Development

1) Local level
=>» Detailing the simulation into a local level (cities/province)

2) Climate change effect
=> Include the climate change effect as internal parameter of the model

3) Economic-engineering approach
=>» Improve the simulation by considering the economic aspect of resource allocation

4) Government policy
= Add government policy as a parameter or boundary in the model

5) Optimization capability
=>» Develop the optimization algorithm to find optimum and sustainable management



5. Conclusions

« A system dynamics model was developed to simulate nation-wide W-E-F nexus;

« Each resource’s shortage, reliability for both demand and supply sides are
simulated;

« Scenario analyses can foresee the future conditions and provide insights to the
required structural/non-structural preparedness plans;

« The model can be improved and expanded for local-trading practice and
resources optimization;

« The model can be used as a decision support tool for policy and infrastructure
development; and

« The database and model can be expanded for global implementation.
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