
Water-Energy-Food NEXUS
Case of Thailand

Pongsak SUTTINON

Pongsak.su@chula.ac.th

Department of Water Resources Engineering, Faculty of Engineering, 

Chulalongkon University, Bangkok, Thailand



Contents

1. What is Water-Energy-Food (W-E-F) NEXUS?

2. Why we need W-E-F NEXUS?

3. How do we implement W-E-F NEXUS?

4. Research of W-E-F NEXUS

5. Collaboration in Future



Contents

1. What is Water-Energy-Food (W-E-F) NEXUS?



Water-Energy-Food Nexus

Global food demand 

Increase 60 % 

by 2050: WWDR 2014

Global food demand 

Increase 55 % 

by 2050: WWDR 2014

Global energy demand 

Increase 33 % 

by 2035: IEA 2010

Food use 30% of energy 
demand: UNECE 2013

Agriculture accounts 70% of 

global freshwater withdrawals
: FAO 2014

US and EU 

40-50 % of water withdrawals for 
energy: Granit &Lindstrom 2011

Now and the future



The CLEWs framework and interlinkages …. 

Source: Mark.Howells (2016), The Climate, Land, Energy, Water (CLEW) and Ecosystem Nexus 
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2. Why we need W-E-F NEXUS?

- External driving force

- Internal driving force



Global goals: SDGs

7

▪ Sustainable Development Goals (Sep 2015)

▪ UN Climate Change Conference 2015: COP21 (Nov-Dec 2015, France)

Source: UN



Interconnected SDGs

8
Source: Nakicenovic, Rockstrom, Gaffney & Zimm, 2016



WEF NEXUS: Mediterranean

Source: Cesar Carmona Moreno (2016),  JRC AFRIMED WEF Nexus Approach 
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2. Why we need W-E-F NEXUS?

- External driving force

- Internal driving force

- Climate change



Change in annual rainfall
TMD GFDL

11Piyatida, CU
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2. Why we need W-E-F NEXUS?

- External driving force

- Internal driving force

- Socio-economic development



Thailand strategy

▪ The 12th National Socio-
Economic Development Plan 
(2017-2021)

▪ Water infrastructure 
investment and CC impacts 
and adaptation

▪ Strategic Plan for Water 
Resources Management 2015 -
2026 (National Committee of 
Water Resources Management)

▪ Thailand Energy Efficiency 
Development Plan (2011-2030) 13
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2. Why we need W-E-F NEXUS?

- External driving force

- Internal driving force

- Socio-economic development

- Social issue: Population and food 



Observed and computed population in sub-district level

Observed population 
in year 2014 (1000)

Computed population 
in year 2015  (1000)

NESDB NESDB
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Projected population in sub-district level in year 2020, 2025

Projected population 
65,996,000 heads

Computed population 
66,370,000 heads (Max)

NESDB NESDB
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Projected population in sub-district level in year 2030, 2035

Projected population 
66,174,000 heads

Computed population 
65,350,000 heads

NESDB NESDB

17



Main issues
• Decreasing number of population after year 2025 with 
aging society
• Increasing urbanization from 50% now to 60 % in 2030

Question
• Impact to society
• future trend of economic development 

18
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2. Why we need W-E-F NEXUS?

- External driving force

- Internal driving force

- Socio-economic development

- Social issue: Population and food

- Economic development 



10^12 THB

Year 

Scenario 1: GDP 3.2 %

(from last data from 1995 to 2014)

Scenario 2: GDP 5 %
(NESDB 12th , Future Thailand 2036)

GDP at market price in each scenario

20



GDP per capita in each scenario

US$ per capita per year

Year 

Scenario 1: GDP 3.2 %

(from last data from 1995 to 2014)

Scenario 2: GDP 5 %
(NESDB 12th , Future Thailand 2036)

Middle 

income 
trap

21



22NSTDA
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33
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Projected population in sub-district level in year 2030, 2035

NESDB

ที่ กลุ่มจังหวัด จังหวัด

1 ภาคกลางตอนบน 1 นนทบุรี ปทุมธานี พระนครศรีอยุธยา สระบุรี 

2 ภาคกลางตอนบน 2 ชัยนาท ลพบุรี สิงห์บุรี อ่างทอง

3 ภาคกลางตอนกลาง ฉะเชิงเทรา นครนายก ปราจีนบุรี สมุทรปราการ สระแก้ว

4 ภาคกลางตอนล่าง 1 กาญจนบุรี นครปฐม ราชบุรี สุพรรณบุรี

5 ภาคกลางตอนล่าง 2 ประจวบคีรีขันธ์ เพชรบุรี สมุทรสงคราม สมุทรสาคร

6 ภาคใต้ฝ่ังอ่าวไทย ชุมพร นครศรีธรรมราช พัทลุง สุราษฎร์ธานี 

7 ภาคใต้ฝ่ังอันดามัน กระบี่ ตรัง พังงา ภูเก็ต ระนอง 

8 ภาคใต้ชายแดน นราธิวาส ปัตตานี ยะลา สงขลา สตูล 

9 ภาคตะวันออก จันทบุรี ชลบุรี ตราด ระยอง

10 ภาคอีสานตอนบน 1 เลย หนองคาย บึงกาฬ หนองบัวล าภู อุดรธานี 

11 ภาคอีสานตอนบน 2 นครพนม มุกดาหาร สกลนคร 

12 ภาคอีสานตอนกลาง กาฬสินธุ์ ขอนแก่น มหาสารคาม ร้อยเอ็ด

13 ภาคอีสานตอนล่าง 1 ประกอบด้วยนครราชสีมา ชัยภูมิ บุรีรัมย์ สุรินทร์

14 ภาคอีสานตอนล่าง 2 ยโสธร ศรีสะเกษ อ านาจเจริญ อุบลราชธานี

15 ภาคเหนือตอนบน 1 เชียงใหม่ แม่ฮ่องสอน ล าปาง ล าพูน

16 ภาคเหนือตอนบน 2 เชียงราย น่าน พะเยา แพร่

17 ภาคเหนือตอนล่าง 1 ตาก พิษณุโลก เพชรบูรณ์ สุโขทัย อุตรดิตถ์

18 ภาคเหนือตอนล่าง 2 ก าแพงเพชร นครสวรรค์ พิจิตร อุทัยธานี 26



GDP growth rate in each development scenario

NESDB NESDB

Thailand S1:  

GDP gr.: 3.2 %

Thailand S2: 

GDP gr.: 5.0 %
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Agricultural GDP growth rate in each development scenario

NESDB NESDB

Thailand S1:  

GDP gr.: 2.6 %

Thailand S2: 

GDP gr.: 3.0 %
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Manufacturing GDP growth rate in each development scenario

NESDB NESDB

Thailand S1:  

GDP gr.: 3.8 %

Thailand S2: 

GDP gr.: 3.8 %
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Service GDP growth rate in each development scenario

NESDB NESDB

Thailand S1:  

GDP gr.: 3.1 %

Thailand S2: 

GDP gr.: 7.0 %

30
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2. Why we need W-E-F NEXUS?

- External driving force

- Internal driving force

- Socio-economic development

- Social issue: Population and food

- Economic development 

- Water  



Domestic Production 

(Agri, Manf)

Forestation 

Strategic Plan for Water Resources Management 2015 -2026

Flood Water 
quality

Management 

1. Climate change impact
2. Impact form this plan to other issues such as energy 

32
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2. Why we need W-E-F NEXUS?

- External driving force

- Internal driving force

- Socio-economic development

- Social issue: Population and food

- Economic development 

- Water  

- Energy 



Energy Consumption in the Past and Future Demand Trend

34Source: Thailand Energy Efficiency Development Plan (2011-2030)



Energy Conservation Target in 20 Years 

35Source: Thailand Energy Efficiency Development Plan (2011-2030)



Share of Energy Saving by Economic Sector in 2030 

36Source: Thailand Energy Efficiency Development Plan (2011-2030)

Implementation plan: (1) Mandatory Requirements via Rules, Regulations and 
Standards, (2) Energy Conservation Promotion and Support, (3) Public Awareness 
(PA) Creation and Behavioral Change, (4) Promotion of Technology Development 
and Innovation, (5) Human Resources and Institutional Capability Development



Alternative energy target by EGAT

37
http://www.prachachat.net/news_detail.php?newsid=1485069077

Biomass Solar 

Biogas

waste

Wind 
Hydropower 
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2. Why we need W-E-F NEXUS?

- External driving force

- Internal driving force

- Socio-economic development

- Social issue: Population and food

- Economic development 

- Water  

- Energy 

- Cross cutting issues



National policy
- It is about balancing different resource user goals and interests – while 
mainstreaming the integrity of ecosystems: FAO 2014

Development Water security Energy security Food security 

Each discipline has own target without the integration



- Tradeoffs -

Energy production
-Water: all steps energy value chain
-Water storage for hydropower
-Water for biofuels

Primary production
-Agriculture
-Forestry
-Fisheries

Eco service
-Water quality
-biodiversity
-Flood and drought protection

Industrialization, urbanization
-Domestic
-Industrial
-Waste water treatment



Linkage? 



(source: In Focus: Water, Energy, Food Nexus – Report, 
https://climatecommercial.wordpress.com/2011/11/09/in-focus-water-energy-food-nexus-report/)

Water-Energy-Food NEXUS for Socio-Economic Dev.
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2. Why we need W-E-F NEXUS?

- External driving force

- Internal driving force

- Socio-economic development

- Social issue: Population and food

- Economic development 

- Water  

- Energy 

- Cross cutting issues: cc  water  con



CC risk in agricultural sector: food security

CU NESDB

Thailand S2: 

GDP gr.: 2.6  3.0 %

44



CC risk in water resources sector: Flood & Drought

NESDB

45



CC risk in Human-settlement and health sectors: tap water

46
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2. Why we need W-E-F NEXUS?

- External driving force

- Internal driving force

- Socio-economic development

- Social issue: Population and food

- Economic development 

- Water  

- Energy 

- Cross cutting issues: water + energy  econ



GDP THAILAND

3.9*10^12 US$ 32 %

58 %

10 %

NESDB.

GDP THAILAND

3.9*10^12 US$

Agr.
24 %

Manf.

Ser.

Manf.

54 %

Ser.

0.2 %

Fort
16 %

Energy

0.3 %

Water.

16 %

Food

Note: data from IO table (NESDB), AGR = Agriculture, FORT = Forestry, MFG = Mining, Manufacturing, SER = 

Services, COAL = Coal and Lignite, PETO = Petroleum and Natural Gas, ELEC     = Electricity, GAS = GAS-Pipe 

Line, FOOD = Crops + Livestock + Fishery + Food Manufacturing + Beverages Products, ENER = Energy, WATR 
= Water Supply System

NESDB.

GDP of Thailand



Water use
75,695

10^6 cu.m.

A, 86 %

M, 9 %
S,6 %

Note: A = Agriculture, M = Mining, Manufacturing, S = Services, KTOE = kilo ton of oil equivalent

Source: Water information from Thailand Water Management Strategy 

Energy information from  Thailand 20-Year Energy Efficiency Development Plan (2011 – 2030) 

Energy use
70,248
KTOE

A, 5 %

M, 
36 %S,

59 %

Water and Energy Use 
in Thailand (Physical Unit)



FORT MFG SER FOOD ENER WATR 

FORT 349 12,276 2,723 367 83

MFG 1,203 2,428,873 750,646 170,276 56,054 1,660

SER 335 154,017 500,080 50,517 43,358 2,201

FOOD 220 77,775 156,651 578,915 528

ENER 10 435,275 88,736 20,142 208,823 3,148

WATR 1 3,379 4,620 1,350 133 639

305+306 409
2,915 - 2,081 

1,867,360 - 1,708,534 
273,079 - 185,322 
337,512 - 129,321 
16,854 - 346,955 

0 0

Water-Energy-Food Linkage (M.US$)

Intermediate transaction

Note: data from IO table (NESDB), AGR = Agriculture, FORT = Forestry, MFG = Mining, Manufacturing, SER = 

Services, COAL = Coal and Lignite, PETO = Petroleum and Natural Gas, ELEC     = Electricity, GAS = GAS-

Pipe Line, FOOD = Crops + Livestock + Fishery + Food Manufacturing + Beverages Products, ENER = Energy, 

WATR = Water Supply System, 201 Wages and Salaries, 202 Operating Surplus, 203 Depreciation, 204 Indirect 
Taxes less Subsidies, 305  Exports (F.O.B.), 306 Special Exports, 409 Total Imports

Water for Energy
Water for Food

Energy for Water
Energy for Food Food for Energy

Export, Import

Domestic World 
Market 
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2. Why we need W-E-F NEXUS?

- External driving force

- Internal driving force

- Socio-economic development

- Social issue: Population and food

- Economic development 

- Water  

- Energy 

- Cross cutting issues: water + food + energyecon



Cropped area data

Gistda



Cropped area data

Gistda



Cropped area data

Gistda



Cropped area data

Gistda
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3. How do we implement W-E-F NEXUS?

- Transformation research into policy

4. Research of W-E-F NEXUS

5. Collaboration in Future



Information exchange in the nexus assessment of a basin

UN (2016) Reconciling resource uses in transboundary basins: assessment of the water-food-energy-ecosystems nexus



Steps of the nexus assessment of a basin

UN (2016) Reconciling resource uses in transboundary basins: assessment of the water-food-energy-ecosystems nexus



Steps of the nexus assessment in Thailand

Project: Conceptual Framework for Water, Food, Energy Nexus Research towards 
Sustainable Development Planning

Funded by Thailand Research Fund, 2017 (6 months)

MoE
MoAC
MoNR
NESDB

Research 



ขอขอบคุณ

Pongsak @EngCU


