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Water-Energy-Food Nexus

Now and the future

Globhal food demand
Increase 60 %
by 2050: wwor 2014

Agriculture accounts 70% of

global freshwater withdrawals
: FAO 2014

Food use 30% of energy
demand: UNECE 2013

Global food demand
Increase 55 %
by 2050: wwor 2014

Global energy demand
Increase 33 %
by 2035: iea2010

US and EU
40-50 % of water withdrawals for
energy: Granit &Lindstrom 2011
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The CLEWSs framework and interlinkages ....
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Source: Mark.Howells (2016), The Climate, Land, Energy, Water (CLEW) and Ecosystem Nexus
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Global goals: SDGs

= Sustainable Development Goals (Sep 2015)

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

G0OD QUALITY GENDER CLEAN WATER
POVERTY HEALTH EDUCATION EQUALITY AND SANITATION

Tt

GOOD JOBS AND INNOVATION AND 10 REDUCED 11 SUSTAINABLE CITIES 12 RESPONSIBLE
ECONOMIC GROWTH INFRASTRUCTURE INEQUALITIES AND COMMUNITIES CONSUMPTION

1 CLIMATE 1 LIFE BELOW 15 LIFE 1 PEACE AND 1 PARTNERSHIPS
ACTION WATER ON LAND JUSTICE FOR THE GOALS
[

= THE GLOBAL GOALS

For Sustainable Development

Source: UN
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Source: Nakicenovic, Rockstrom, Gaffney & Zimm, 20186
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WEF NEXUS: Mediterranean

A Water for ene
Water for food 9 8.
g . Cooling
. Irrigation . Hydropower
T Livestock requirements = Irrigation of bioenergy crops

- - Human consumption
- ~

Energy for water

. Extraction transportation

Water treatment, distribution

Irrigation of bioenergy crops

Waste water , drainage, treatment, disposal

Food impact on water
. Virtual transport
. Water quality
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N o
S0 g e
Food for energy ~—————Energy for food =
e Biofuels . Energy for irrigated crops =
*  Manure, waste *  Energy for fertilizer -

Source: Cesar Carmona Moreno (2016), JRC AFRIMED WEF Nexus Approach
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Change in annual rainfall
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Thailand strategy

u Th e 1 Zth N atiO Na l SOCiO— ionasUs:nounsussuUs910) watst UoD &S,
] S0 IWUWQULNIASUZNDIA:AOAUIKDLIA
Economic Development Plan auun e (W.f. oo maoe)

(2017-2021)

UHRYNSANEAT

¥

NMTUIRITIANIINTNYINTUA
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Observed and computed population in sub-district level
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Projected population in sub-district level in year 2020, 2025
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Cambodia

Vietnam

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

Vietnam Vietnam

Cambodia Cambodia

Vietnam Vietnam

Projected population
66,174,000 heads

Computed population
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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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GDP at market price in each scenario i o v
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GDP per capita in each scenario

CHULA SNGINEERING

20000 - yss per capita per year 19,010
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Thailand 4.0

(Smart Industry + Smart Clty + Smart People)

Thailand
3.0
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Thailand 4.0 : New Growth Industry
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Source: NSTDA



SURVEY DRONES FLEET OF AGRIBOTS
Aerial drones survey the fields, A herd of specialised agribots tend
mapping weeds, yield and soil to crops, weeding, fertilising and

variation. This enables precise harvesting. Robots capable of

application of inputs, mapping microdot application of fertiliser
S I I l a a I I S I I l a r spread of pernicious weed reduce fertiliser cost by 99.9%.
blackgrass could increasing

Wheat yields by 2-5%.

FARMING DATA B

The farm generates vast quantities
of rich and varied data. This is stored s

ash in the cloud. Data can be used as = ik
digital evidence reducing time spent '| " a
completing grant applications or Eﬁ 4%

carrying out farm inspections saving
on average £5,500 per farm per year. e Pl

TEXTING COWS

Sensors attached to livestock
allowing monitoring of animal
health and wellbeing. They can
send texts to alert farmers when

a cow goes into labour or develops
infection increasing herd survival
and increasing milk yields by 10%.

GPS controlled steering and
optimised route planning
reduces soil erosion,

saving fuel costs by 10%.
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Water Security

Key Dimension
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[} ACCess Lo piped water supply
.fuuu'sa Lo improved sanitation
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Water Security
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Environmental Water Security

Key Dimension 4
@ VWatershed disturbance
@ polivtion

@ \Viator msource development
@~Botic factors

Key Dimension 1:
Household Water Security

The foundation and cornerstone of water security is what happens at the household level.
Providing all people with reliable, safe water and sanitation services should be the top priority of
Asia’s leaders. Household water security is an essential foundation for efforts to eradicate poverty
and support economic development.

o8& Key Dimension 2:
Economic Water Security

‘Water grows our food, powers our industry, and cools our energy-generating plants. The use of
water in these sectors must no longer be seen in isolation from each other. Debate about the water—
food—energy nexus has begun to raise general awareness about the critical interaction among water
uses to support economic activities. Economic water security measures the productive use of water
to sustain economic growth in the food production, industry, and energy sectors of the economy.

7 v T . 2.
. Key Dimension 3:
i
T T ~ .
w5 Urban Water Security
i’

In Asia and the Pacific, about 43% of the population currently lives in urban areas; however,
the urban proportion has risen by 29% over the past 20 years, more rapidly than in any other
region.' After a century of transformation from agrarian rural societies to urban centers, and the
creation of the world’s largest number of megacities, Asia’s cities have become important drivers

of the economy. The urban water security indicators measure the creation of better water manage-
ment and services to support vibrant and livable water-sensitive cities.

. Key Dimension 4:
Environmental Water Security

Asia’s environment and precious natural resources have suffered greatly from decades of
neglect as governments across the region prioritized rapid economic growth over environmental
objectives. Asia’s leaders are now starting to green their economies as a broader focus on sustain-
able development and inclusive growth gains ground. The environmental water security indicator
assesses the health of rivers and measures progress on restoring rivers and ecosystems to health on
a national and regional scale. The sustainability of development and improved lives depends on
these natural resources.

. Fa — . . pa—
=k Key Dimension 5:

® Resilience to Water-Related Disasters

The region’s growing prosperity has involved unprecedented changes in economic activity,
urbanization, diets, trade, culture, and communication. It has also brought increasing levels of
uncertainty and risk from climate variability and change. The resilience of communities in Asia
and the Pacific to these changes, and especially to water-related disaster risks, is assessed with the
indicator of resilience to water-related disasters. The building of resilient communities that can
adapt to change and are able to reduce risk from natural disasters related to water must be acceler-
ated to minimize the impact of future disasters.



Projected population in sub-district level in year 2030, 2035
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GDP growth rate in each development scenario

Thailand S1:
GDP gr.: 3.2%

GDP gr % in Scenario 1
:All sectors
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NESDB
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Thailand S2:
GDP gr.: 5.0%

GDP gr % in Scenario 2
:All sectors
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Agricultural GDP growth rate in each development scenario

Thailand S1:

" GDP gr.: 2.6 %
GDP gr % in Scenario 1
:Agricultural sector
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Thailand S2:

" GDP gr.: 3.0 %
GDP gr % in Scenario 2
:Agricultural sector
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Manufacturing GDP growth rate in each development scenario

Thailand S1:
GDP gr.: 3.8 %

GDP gr % in Scenario 1
: Manufacturing sector
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Thailand S2:
GDP gr.: 3.8%

GDP gr % in Scenario 2
: Manufacturing sector

NESDB
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Service GDP growth rate in each development scenario

Thailand S1:
GDPgr.: 3.1 %

Thailand S2:

'_" GDP gr.: 7.0 %
GDP gr % in Scenario 2
: Service sector
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2015 -2026

e,

1. Climate change impact

2. Impact form this plan to other issues such as energy
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Final Energy Consumption (ktoe)

Foundation towar d Innovation

Energy Consumption in the Past and Future Demand Trend

160,000

ACTUAL DATA I FORECAST 151,000
S o
1 4%
140,000 - i
I 14%
120,000 - i 10%
Energy Demand 4.4% 3.9% |
100,000 -{ GDP 4.5% 42% | Residefitiat
Population 0.9% 0.3% il @Bmmercial 319%
50,000 71,00C
60,000 Transport
40,000 -
31,000 | 23% 41%
20,000 o Industry

1995 2000 2005 2010 2015 2020 2025 2030
Source: Thailand Energy Efficiency Development Plan (2011-2030)
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Final Energy Consumption (ktoe)

Foundati

160,000

140,000

120,000

100,000

80,000

60,000

40,000

Energy Conservation Target in 20 Years

ktoe
El,o0s = 16.2 ktoe/billion baht P 151,000
-25% __ .=l 30,000
| BAU Case e ‘ (20% BAU)
| Elygap=12.1 \ ]IL — 121,000
B .
.- f‘\[ \L" \
,--‘J;':*i""' With EE Plan
71,000
2010 2030

Source: Thailand Energy Efficiency Development Plan (2011-2030)
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Share of Energy Saving by Economic Sector in 2030

Economic Sector

Technical Potential

Heat
(ktoe)

Electricity

(GWh)

Total
(ktoe)

Specified
Target

(ktoe)

Share
(%)

Transportation 16,250 - 16,250 13,400 447

Industry 10,950 33,500 13,790 11,300 37.7

Commercial Building & Residential

- Large Commercial Building 410 27,420 2,740 2,300 7.6

- Small Commercial Building & 1,650 23,220 3,670 3,000 10.0
Residential

29,300

84,140

36,450

30,000

100.0

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
Source: Thailand Energy Efficiency Development Plan (2011-2%)
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Alternative energy target by EGAT
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Solar :
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Bouoa
486.25 MW " 1,032.50 MW
24.30% Lpacias
91.60%
Bioga

lulofims .
5.00 MW

AN = MW = unesns

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

- It is about balancing different resource user coals and interests — while

mainstreaming the integrity of ecosystems: FAO 2014

Development Water security Energy security Food security
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Each discipline has own target without the integration
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- Tradeoffs -
Energy production Primary production
-Water: all steps energy value chain -Agriculture
-Water storage for hydropower -Forestry
-Water for biofuels -Fisheries
Eco service Industrialization, urbanization
-Water quality -Domestic
-biodiversity -Industrial
-Flood and drought protection -Waste water treatment
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Water-Energy-Food NEXUS for Socio-Economic Dev.

Action Fields Finance Governance Innovation
Enabling
factors/

Society incentives

Accelerating access,

integrating the bottom /\
of the pyramid Water :
supply

To promote:

Water[energy/
security food security
for all
Economy -
Creating more es Equitable &
with less sustainable
/ growth
Resilient,
prodine
Investing to sustain
ecosystem services / Nexus
perspective

Urbanisation Population growth Climatechange
Global trends

(source: In Focus: Water, Energy, Food Nexus — Report,

https://climatecommercial.wordpress.com/2011/11/09/in-focus-water-energy-food-nexus-report/)
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CC risk in agricultural sector: food security i e i
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CC risk in water resources sector: Flood & Drought
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CC risk in Human-settlement and health sectors: tap water
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GDP of Thailand

0.3% 0.2%
‘\\Water. Fort
\

GDP THAILAND
3.9*10"12 US$

GDP THAILAND

3.9*10"12 US$

Manf.

NESDB. NESDB.

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
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Water and Energy Use
In Thailand (Physical Unit)

Water use Energy use

70,248
KTOE

75,695

10A6 cu.m.

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

Water for Food Energy for Food Food for Energy
Water for Energy Energy for Water
Intermediate transaction Export, Import
FORT MEG SER FOOD ENER WATR 305+306 409
FORT 349 12,276 2,123 367 83 2915 -2.081
MEG 1,203 2,428,873 750,646 170,276 56,054 1,660 1,867,360 - 1,708,534
SER 335 154,017 500,080 50,517 43,358 2,201 273,079 -185,322
“00D 220 77,775 156,651 "-3_3-7 _5-13" 199 321
ENER 10 435,275 88,736 16,854 -Bi?i?S_‘
WATR 1 3,379 4,620 639 0 0
] Domestic_______________________ s, <. World
Market

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



CHULA SNGINEERING

Contents

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 + energy—>econ



CHULA 2NGINEERING

Foundation toward Innovation

Cropped area data
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Cropped area data
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Cropped area data
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Cropped area data
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Information exchange in the nexus assessment of a basin

Desk study I_n—depth analys_ls of
issues and solutions

Analysts

Jointly Actionsin
identified issues 2nd Workshop response to
and solutions solutions

Key policy and strategic
Relevant Opinion-based documents

documentation on guestionnaire Specific information
the basin requests

Factual questionnaire

Authorities and
stakeholders

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

Step Actors
1. Identification of basin Analysts
conditions and the
socioeconomic context
2. |dentification of key sectors ~ Analysts and authorities

and stakeholders to be
included in the assessment

Analysis of the key sectors Analysts and authorities
Identification of intersectoral ~ Stakeholders
issues

Nexus dialogue and future Stakeholders
developments

Identification of opportunities  Stakeholders and
forimprovement (across the  analysts
sectors and countries)

Location

Desk study

Desk study

Desk study/ first
workshop

First workshop

First workshop

Desk study, first and
second workshops

Sectors

General. Information normally used to underpin sectoral planning. Key elements include
general socioeconomic goals and targets.

General. Requires expert judgment and understanding of local context and governance.

Individual sector experts and plans. Key elements include identification of the resource base
and uses, as well as institutional mapping.

Sectoral group discussion on interlinkages (input needs, impacts and trade-offs), and
discussion on sectoral plans.

Agree on a prioritization of main interlinkages, including how they are expected to change,
according to jointly identified development trends, noting key uncertainties and most
important drivers.

Identification of solutions with multiple impacts between sectors, scales and boundaries.
Such solutions could eventually be integrated into policies and programmes in the
countries/basins.

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

In-depth analysis of

Desk study issues and solutions

Analysts

Research

Actionsin
response to
solutions

Jointly
identified issues 2nd Workshop

and solutions

Factual questionnaire Key policy and strategic

Relevant Opinion-based documents
Spedific information

requests

documentation on questionnaire
the basin

Authorities and
stakeholders

NESDB
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