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€ Water for Energy

Solar panels need to be
cleaned with high-quality
water every 3 month and
every month in the dry
| months

€ Water for Food

Use water for producing
agricultural productions
such as garlic and dragon
g fruits
Il  Tradeoff
{ Water resources for

producing energy vs for
&N producing food?

IR «/ Conflict
Energy developers vs
Farmers
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Energy-FoO' and - € Land for Energy

NAvy
] &

‘I’_ ‘ R o Land use for generating

wind energy

€ Land for Food

Land use for livestock
pasturing

v/ Tradeoff

Land resources for
generating energy vs for
producing food

¢/ Conflict

. Energy developer vs
Farmers

| ¢/ Coexistence
Energy generation vs
&8 agricultural activities




Water-Energy-Food nexus :
Water for Energy? or Water for Food?

€ Water for Energy

Water use for hydropower

€ Water for Food

aquaculture in the dam
using Floating Fish Net

—contribute to the
deterioration of its water
guality

—efficiency of energy
production using
contaminated water has
become worse

| v Tradeoffs

Water for energy ? VS
water for food ?

v/ Conflicts
Energy developer VS

== aquaculture 4



Groundwater-Food-Environment nexus :€ Groundwater for Food

Use groundwater and recycle

Groundwater for Food? water treated household
i wastewater in San Francisco for
or Groundwater for Environment? agricultural productions

€ Groundwater for

| Environment

3| -Serious water scarcity because
of drought since 2012

Decrease in groundwater storage

and salination caused by

=4 overdraft

\ *Use energy for pumping,

. wastewater treatment, and

' allocate recycled water

v Tradeoff

Groundwater resource for food
production vs for environment
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Global water demand (Freshwater withdrawals):
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v/ Food crises, water crises, and energy

S - ==  Food crises price shock were identified as
PN (’::, T— interconnected global risks (WEF2016)
W, / " \P e - ¢/ Social and climate change put pressure
.S ( 0 Vo ’) Water crises on water, energy, food resources
T i - Energy price shock (V4 Dem.ands for water, energy and food
Profound socil inctabilty - are estimated to increase by 40%, 50%,
. /0 ((ff)’ 35% by 2030 (USNIC 2012)
.S I 3§ A ¢ Increase in number of tradeoffs and
potential conflicts among these
B SV} resources that have complex interactions
pY Uremploymert o ¢ Nexus approach can enhance
< Y ‘. water, energy and food security by
) h:‘ S increasing efficiency, reducing trade-offs,

building synergies and improving
Global Risks Interconnectlons Map 2016 governance across sectors

R . (WEF2016) 7



Understanding the complexity of WEF nexus system




Purpose

Understand the complexity
of WEF nexus system, and
to create policy options to

C. Water for food

B. Water for energy C -Agricultural irrigation

-Hydroelectric power

Geothermal power “Rainwater harvesting reduce tradeoffs among
Fracking -Water footprint
-Ecosystem resources and to solve the
A, Energy for water Human Well-beins conflicts of resource users,
Transporting water  Global Sustainability under scientific evidence
-Pumping water (The Environment, Society, The Economy) )
-Heating water A and Uncertalnty

Human Environmental Security
(Risk, Resilience)

Food

Energy

-Aquaculture prod.

E. Energy for food

D. Food for water

_Biofuel -Food production
-Food transport
-Groundwater pumping S



€ Water for Land

Water use for producing and
Water for land? or Water for coasts? consuming food and energy on

land

Water-Energy-Food nexus:

€ Water for coasts

The flow of nutrients from the
land to the ocean affects the
coastal ecosystem

v/ Tradeoffs

-Water for land vs water for
coastal environment

-Water use for producing and
consuming food and energy
on land might affect fishery

production in coastal areas
Submarine Groundwater Discharge SSGD! 10 m .




Research site British Columbia, Canada

(]
Spatial scale
H Secondary site ‘iﬂ-\
%‘3‘?&;
S '
5 coun
irishima,Kagoshima

= Philippines
California, America
group(G1) National societ
Calamba & .‘ uni de Bay s
Los Bam-);"' e \& IPes:dero . o e .
/ ‘j/;{ e Site-specific local society

-Japan (Obama, Otsuchi, Beppu & others)
US, Canada, Indonesia, the Philippines
-60 researchers in different disciplines

Stakeholder analysis group
Target areas 11 (G4) m
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Initial stage : : :
Ps 5 Developing stage Policy planning stage
A.1 Analyze underground environmental system B.1 Study socio-cultural history of GW use
A.2 Analyze effective potential energy production ~ Stakeholder analysis: G4
using water

B.2 Build governance for coexistence between hot

A.3 Examine the changes in river & coastal . .
spring energy development & conservation

ecosystems caused by the changes in heat B.3 Vicual 51 network of hot sprine SH
environment .3 Visualize social network of hot spring SHs

A.4 Diversify renewable energy sources B.4 Scenario planning

A.5 cascade use of water for food & energy _
_ B.5 Develop integrated methods for ID & TD

A.5 Examine the interlinkages between GW & B.6 Design and visualize nexus system
fishery production

Identify A. Understand the T B. Create policy options &
t’g::]fl’ifcftss& complexity of WEF nexus uncertainty 2‘"3‘;22‘: scenarios to solve the
VI ] . ]
system identified nexus problems 12




1 G1

Allocators/distributors : Hot spring inn:
* Allocation of hot spring water Allocation of hot spring watqr

Underground:

Change in recharge
Change in GW storage
Change in GW level
Change in water temp. -
Change in water quality=

—
Happened

llll>

Uncertaint

IIﬁIIIIIIIIIII

Kyushu Electric Hot spring inn:
Developers: Power Co., Inc: *Change in quantity
*Production of electricity Buy electricity *Change in temp.

1 .PChange in flow directior

Coasts:

[ Change in SGD rate
*Change in nutrients fl
production *Change in water temp

\ 4

Coasts: River: Developers: A 4

Change in fishery | ||-Change in water temp. Hot spring wastewater Hot spring inn:

-Change in ecosystem Hot spring drainage water
Source: Endo & Ya

G3 Understand the complexity of WEF Nexus system 13




Climate change [€*""*""*"® social change:

Precipitati dei £ <ch ¢ b Local citizen:
recipitation Feed-in tariff scheme for renewable energy = Complain about noise

“Temperaturr. . “1.itiative hot spring energy development
;¥ : 1
— . Underground: - T _ —
c Change in recharge  ° Allocators/distributors : Hot spring inn:
Happened . Change in GW storage - = Allocation of hot spring water | Allocation of hot spring water
- n . . c u
nnm .y. - riarmee in @Y v n Allocation of hot spring steam :
UncertamtyE Change in water temp. = l ;
!- CEange !n }/;/ate:lgual!ty: Kyushu Electric Hot spring inn:
River h 'PC anse in flow |rect|or:A Developers: b Power Co., Inc: Change in quantity
L e \ 4 *Production of electricity Buy electricity *Change in temp.
Coasts:
Coasts: - *Change in SGD rate
Change in primary | | “Change in nutrients flux
production *Change in water temp.
v %
Coasts: River: Developers: .v .
Change in fishery | | -Change in water temp. Hot spring wastewater Hot spring inn:
RS -Change in ecosystem Hot spring drainage water

Source: Endo & Yamada

Clarify natural & social WEF nexus systems to improve scenarios in Beppu 14



Water-Energy nexus A. Understand the complexity of WEF Nexus system

A.1 Analyze underground environmental system A 2 Analyze effective potential energy production

Microtremor array measurements Source: Miyashita using water o .

for underground geological structures :jg How much energy itis pOSSIble
RN UGS UES. S AIRALF NS ¥ & to produce per kg of water?

E 200 i N W S TR b -

E_:l 150 § Ly
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Gravity basement structures for groundwater
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Source: NifHijima, Ndftitomi  **® I LD Source: Fujii & Yamada 15




Water-Energy nexus

A.3.1 Examine the changes in river ecosystems
caused by the changes in heat environment

Population of fish in

168

Hiya & Hirata River Hot Spring

w
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]
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Ppulation of Fish
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a more suitable

33333
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Gobiid.
Gobiid.
Gobiidae
Nucheg
P

Nile Tilapia _
(Oreochromis nifotee:

Barcheek Goby =lat

habitat for Nile
Tilapia in Hirata

(RhinOQObiUS gl ‘ i :*. =

Source: Yamada

A. Understand the complexity of WEF Nexus system

A.3.2 Examine the changes in coastal
ecosystems caused by SGD

1/26 5/6 8/14 11/22

\/Analyzed the changes in

2.5

—-River water

seawater temperature caused by
SGD
V' SGD heats seawater during

% winter, cools it in summer

10

4 VIncrease in groundwater use in

-10

M |land might affect the amount of
M heat supplied through SGD

-40
-50
-60
-70

-80 16

HAIRNLF—E (G)/day)
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Water-Energy nexus A. Understand the complexity of WEF nexus system

A.4 Diversify renewable energy sources
Small ydropower

Source: Sawadate
& Fuijii

3 ] 12%04 =+l

125001 6 . 1lzxw~w
|

(a) All the potential (b) Excluding points where
natural head is <10m

) Excluding points without
electric lines and with conflicts
with salmon and brisling

Nishiiima Geothermal

Northern Area Central Area Reference Station
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Water-Energy nexus A. Understand the complexity of WEF Nexus system

A.5 cascade use of water for food & energy
Full cascade uses of hot spring water and hot spring drainage water in different temperature & quality profile:

Quality : :
Temperature (e haiies] @ sEn e Quality profiles Cascade use
100°C Hot spring water Steam -Hot spring energy development: W-E
-Cooking: W-E-F
80°C ditto Heat energy ??&Agriculture productions: W-E-F
Water
60°C ditto Heat energy -Heat pump for heating room: W-E
-Grow berry (testing): W-E-F
40°C ditto Heat energy Spa: W-E
Water
35°C Hot spring drainage Heat energy ?? &Agriculture productions: W-E-F
water (chemical
components)

Policies and/or regulations for sustainable use of hot spring water and wastewater
management should be addressed



Climate change €=mreemee P gocial change: ——
" Precipitation - Feed-in tariff scheme for renewable energy f—] Local citizen:
> L _ gy Complain about noise
“Temperature . “Initiative hot spring energy development
J : l
— . Und d: =
. C:a:rgzzur:char o - Allocators/distributors : Hot spring inn:
Happened - Change in GW stfra o . " Allocation of hot spring water =P Allocation of hot spring water
L] S - Change i GW level = * Allocation of hot spring steam .
UncertaintyE Change in water temp. E l i
i EEange !n :c/;/ate:jgual!ty: Kyushu Electric Hot spring inn:
River .P ange in fiow IreCtlor: DEVE|0perS: I Power Co., Inc: -Change in quantity
*Production of electricity Buy electricity *Change in temp.
""® coasts:
Coasts: - *Change in SGD rate
Change in primary | | “Change in nutrients flux
production *Change in water temp.
|

Coasts: River: Developers: .

Change in fishery | ||-Change in water temp. Hot spring wastewater Hot spring inn:

RS -Change in ecosystem Hot spring drainage water

Source: Endo & Yamada

G3 Clarify natural & social WEF nexus systems to improve scenarios in Beppu 19



A. Understand the complexity of WEFN system A.4 Examine the interlinkages
, between groundwater and
2. Change in 4. Change in
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_ A. Understand the complexity of WEEN system A.4 Examine the interlinkages
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A. Understand the complexity of WEFN system
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Climate change [€""*"""""® social c}

" Precipitation : Fe-e'd-i.n ariff sch'eme for renewable energy f—) t?)(;::)f;tilnz:r;c.)ut noise
“Temperature . “Initiativiz hot spring energy development
S : |
= . Underground: . Al . _ .
- : - ocators/distributors: Hot springinn:
Happened . Change !n recharge . = Allocation of hot spring water | Allocation of hot spring water
- Change in GW storage « : :
TET] riarmee in @Y v n = Allocation of hot spring steam
UncertaintyE Change in water temp. E l
v Change 'n water gual!ty: Kyushu Electric Hot spring inn:
River _PChange in flow directior Developers: b Power Co., Inc: =Change in quantity
i *Production of electricity Buy electricity *Change in temp.
"*p Coasts:
COOSTer [ - Change in SGD rate
Change in primary | | “Change in nutrients flux
production *Change in water temp.
vy %
Coasts: River: Developers: ..
Change in fishery | | -Change in water temp. Hot spring wastewater Hot spring inn:
RGeS -Change in ecosystem Hot spring drainage water

Source: Endo & Yamada

Clarify natural & social WEF nexus systems to improve scenarios in Beppu 23



Stakeholder analysis B. Create policy options & scenarios to solve the identified nexus problems

B.1 Identify WEF nexus SHs and their B.2 Identify differences in public
interests at SH Meeting/individual attitudes toward energy production
mterwew as s:te-spec:flc case studys,,....s.ba  at a regional scale

N ) 3 szl 2 Philippines 16.0 1 357 477

Issues most respondents et O A —— Jomt fact finding

indicated in Otsuchi

> Importance of water resource T

“wamms > Diminishment of culture of spring Online survey focusing on general public

> Anxiety of the delay in reconstruction ¢/ Japan: Referendum

=~ » Importance of the roles of the city gov. °~ ¢ Philippines & Indonesia: Joint fact finding
TamL in building consensus

» Restoration of fishery industry T IesE thanQOV
4#3’&#6:‘:#111!* 2 H , 0
G ey ———

. Comparative
study

¢/ California: Join groundwater-related
activities more than once per month




Stakeholder analysis B. Create policy options & scenarios to solve the identified nexus problems

B.2 Build governance for coexistence between hot B.3 Visualize social network of

spring energy development & conservation hot spring SHs

v 3 levels of government have | gocial network among SHs

(owners of hot springs,
onsen inn managers, power
generation businesses, local

their own targets to install
. more renewable energies
JEEEIE without coordination
LCCE / Beppu city has no legal
authority based on Onsen
law

Resource
(ONSEN)
conservation

en power

banks, and consultants)
who shared same interests
is established

Source: Masuhara

National

~—Refativetyhigh— New energy vision —New energy
purchase price as (target year 2024) ‘”5'0”(2"85%9" year
small-scale -Portion of eco- - ) 19%%%%3%9»
- - e —>Portion of new 1BREBEE -1
gEOthermaI power energy: 51% (ONSEN energy: 7.6% (ONSEN
in new FIT scheme: power generations: power generations:
\_¥49797Lk_“/_h_/ 2925kW) 1220kW) B
" ONSEN law " Expert committee’s New ordinance regarding \ \
. i i ONSEN ‘ N i . 26RRELE
requirement for criteria for ON-SEN enerationsp?;vv:;rds N\ \!
ower generations: gene . ¥ — = ;
— ref. governor’s P ; . ~—  coexistence with local \ 10511 Ui RLE
Pret. g D |
ey Istance regulation community: requiring pre- P
P g =150 to 300m from planning procedure and N
Source: Kimura 25

new wells J oavictinoe well monitoring etc.




_ B. Create policy options & scenarios to solve the identified nexus problems
B.4 Scenario planning S
egative errects or Climate -

- effects
Interviewing and identifying o T sunt i g e o
H anne anima .. Climate
interests of stakeholders suc change sggt § damage Mur [
local officials, farmer, distrib , T I o
plant nursery olice
Farmer A @) @) —
: B
Sharing the results of stakeholder i & clelr e e
analysis and discussion g% & g - 8
- E - -
(Collecting local knowledge) U EE o = |-

Making future scenarios
(Collecting expert kn

experts using Delphi method
e

Results of SH analysis and discussion
<BEOBRE> S S mmrox
. E=8ULT0% . e
A—ILAEY AR - FATARE | ARBIRE
& e BTSSR SHBORA | AERR
VVVVVV EE é . Ao §
IS AFAEIED Kprnges | NAE-RE
e BHHOEE RALTIHRMO FEH-THE
RREHDLE ALIRAND | ecoRk
BEBHERD | WRGOEE ey BLOmEH
T i AREROI . . E=m
*—iR"—o—oREL }—\ RIF—TEH i — -
’ N

Providing scenarios and development of action plans by

T | mosianys || 2ERERTDaneis smmrn | ab : f stakehold L oubli g
B | daaeidne || mmro | S | cawsme N collaboration of stakeholders, general public and experts
R e || peee LS e 1| | WOPKSTIORTH | (1nteoration of local knowledge and expert knowledge)
Lo SAFI—T i Remis (FY2017)
KL B RATD el =
E | B i
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Interdisciplinary research

-Methods of the water-energy-food nexus

27



The structure of RIHN WEFN project Gl 28

Jurisprudence/Anthropology/International
relations /Sociology/Geography

G2:

Hydrology/Hydrogeology/Hydrometeorology/Geol
ogy/Geomorphology/Hot spring studies/
Geothermic/Limnology

group(G1

National societ

Site-specific local society G3:

Biology/Environmental
science/Bioecology/Fisheries sciences

G4

Public administration/Environmental policy
studies/Social engineering

G5:
Stakeholder analysis group Environmental studies/Environmental

economics/Fisheries economics/Computer
(G4) science/ Policy studies m



Interdisciplinary team with missions: 29

1. To identify research problems with local experts
2. To determine the methods and/or create new “discipline-free methods”

-synthesizing and harmonizing team-based production, collected from
individual scientists in different disciplines from each team in order to assess
human environmental security

-developing these approaches to incorporate non-scientific/non-disciplinary
views on the analysis
Goupb5 is developing methods following nexus in project each site

Otsuchi Obama Beppu Laguna de Bay H: micro-hydropower
W | E : F W  E | F W  E F| W i E | F F: fishery production
for W = P — - - = P: pumping
: — § — § — : — G: geothermal energy
for E H Gr H/G/Gr H Gr: ground heat
for F F o — F : P F Lo F/A @ — exchanger sy

Source: Endo, Burnette, Orencio, Kumazawa, Wada, Ishii, Tsurita, Taniguchi 2015 A: agricultu




Water-energy-food methodology and taxonomy 30

Qualitative methods
v v Questionnaire Surveys v v v —
— — Ontology Engineering v v v v v
v v Integrated Maps v v

Quantitative methods
v — Physical Models v v v v v
v v Benefit-Cost Analysis v v v — v
v v Integrated Indices v v v v
o e ] v .

v
Source: Endo, A., Orencio, P.,, Kumazawa, T. and Burnett, K. 2015 ‘ilm



B.5 Develop integrated methods for ID & TD s Source: Hidayati, D.
50,000,000.00 o BAU = Conservation
0 4000000000
3 3000000000
2 2000000000
10,000,000.00
Qualitative methods
v v Questionnaire Surveys v v r e NRE R ERED 2
— — Ontology Engineering v v v v v Ylm
v v Integrated Maps v
Quantitative methods
v — Physical Models v v
v v Benefit-Cost Analysis v v
v v Integrated Indices v v
Optimization
v v Management Models v v

Source: Endo et al 2015
| P
‘," ‘,"' - Source: Burnett, Wada
Economic Water
(cost) Economic
S 7o / v % “ Environ. Social Environ. Social
) i \."\' I . B } } (resources) (Perception) Nexus
T h! RSN A
: mﬁ S S My e )
: : P
-. | A m‘g m T — . —
W g \ Economic
m / / P R ' i
W‘QOU/V 7 _-”\nﬁg::\‘* / ’.
TR ' Source: Para

Source Kuma‘_"l_,

B. Create policy options & scenarios to solve the identified nexus problems

o'd Overlay Multiple

£
Common f’shery rights
area/ :

31



Interdisciplinary B. Create policy options & scenarios to solve the identified nexus problems

B.4 Develop integrated methods for ID & TD

Integrated index: incorporate and integrate each result with different disciplines,
then evaluate trade-offs to maximize human environmental security

Ontology engineering: assess whether the policy/plan would cover all disciplines
and sectors

] ] Physical model: creating and providing policy options working with social scientists
Policy planning stage - — _ -
BCA & Optimization management model: creating and providing policy options

Developmg Stage Integrated map: provide an opportunity to share knowledge showing actual

conditions at a spatial scale among stakeholders

Initial stage

Physical model: understanding the complexity of water-energy food nexus system

BCA & Optimization management model: clarifying trade-offs

e
b -
. ) . . . . . S ﬂ 2 -~
Ontology engineering: designing the project to build a list of common concepts of term; % N ///:/
the linkages of each term among stakeholders included researchers and practitioners

Questionnaire survey: collecting information to analyze WEF interlinkages when few
data exist; then, it would help to identify the key issues




Pros and cons for nexus study: Qualitative methods for ID and TD

Methods Pros Cons
Questionnaire |-incorporating the local people’s general outlook -site-specific
survey -collecting information to analyze WEF interlinkages | _|imited spatial &

\.Nhen. fe.w data eX|stc temporal
-identifying the key issues o
applications

Ontology -designing the project to build a list of common
conceptual terms; the linkages of each term among
stakeholders included researchers and practitioners

-designing and visualizing nexus system to
understand the linkage, and tradeoffs relationship

Integrated map | clarifying the dimensions where conflicts of interest
emerge among stakeholders at a spatial scale

. A




Pros and cons of for nexus study: Quantitative methods for ID and TD

Methods

CBA

Pros

-clarifying trade-offs
-creating and providing policy options

Cons
-site-specific
-limited spatial & temporal
applications

Physical model

to understand WEF nexus systems; if
it were developed to clarify
interlinkages between physical
conditions of WEF

the results of integrated model
simulation without social and local
knowledge may lead people to
misconstrue the model’s results if the
numbers from simulations are
unrealistic for political, economic and
other reasons

Integrated index

-allowing the data to be normalized
for direct comparison with other
results at different project locations

-discipline-free-method

-site-specific
-limited spatial & temporal
applications

Optimization -clarifying trade-offs
management model | -creating and providing policy options 34 m



Designing and visualizing WEF Nexus system map R CETTTRRTTLY
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Designing and visualizing WEF Nexus system map

1Objective of designing and visualizing a WEF Nexus system

To identify the interrelationships between WEF resources and to understand the
subsequent complexity of WEF nexus systems holistically, taking an interdisciplinary
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3m 4% g s
the chains of changes in linkages between |!JI

WEF resources affect the WEF nexus system 8%%0% =
holistically, temporally, and spatially

16 PEACE, JUSTICE
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IChallenges
- Clarify the linkages between events -—"y—:

- [dentify the tradeoffs between resources/synergies
- Contribute to scenario planning %M
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Designing and visualizing WEF Nexus system (Robinson, 1990)

[IScenario planning

v/ Forecasting scenario planning

1) problem setting

2) constructing casual networks to represent the targeted system

3) describing scenario storylines

4) describing details, including parameterization and quantification

¢/ Backcasting scenario planning

1) determining the purpose of scenario building

2) specifying goals; constraints, and targets

3) describing the present system

4) specifying exogenous valuables

5) undertaking scenario analysis, including developing scenarios

6) undertaking impact analysis, including comparison of scenario results with
predetermined goals m



Designing and visualizing WEF Nexus system

LIProcess of designing a WEF nexus system

-experts in different disciplines and with the same education level had a series of 8
expert group discussions, based on their knowledge, experiences, and instincts
-integrated, developed, and settled the discussion regarding the selection of methods,
the development of the selected methods, and the integration of the developed
methods

1) to understand a system from object-oriented programming concepts based on
computer science

2) to identify the interrelationships between WEF and to design and visualize a WEF
nexus system holistically for a site-specific case study from Beppu, Oita

Prefecture, Japan, using ontology engineering
3) to discuss the possibility of introducing economic tools into scenario planning

. g



Designing and visualizing WEF Nexus system: Nexus System Map 39
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a) Tradeoff relationship in water use
between food and energy production in
the land area and in the marine area

b) Tradeoff relationship in nutrient salt use &= 7
between the land area and marine area ==

c) Tradeoff relationship in hot spring water &
between the hot spring energy 3
development and hot spring resort

d) Tradeoff relationship in water
temperature between targeting river
ecosystems

e) No tradeoff relationship in water use
between small hydroelectric generation
(energy production) and fishery
resources

V. 7_,»*"’;7»:» E‘Incﬂm of water|
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Co-production activities from Inter & transdisciplinary approach 40




¢/ Accountability: enhance scientific accountability to society
€ Open local seminar/events co-organised with local
governments in Otuchi (2015), in Obama (2016), in Hiji (2015)
@ Achievement to be published

¢/ Impact: ensure the implementation of scientific knowledge
in society

€ Co-working with local governments to formulate local plans
on sustainable groundwater use in Obama, Saijo/recovery plan
in Otsuchi

¢ Humility: include the knowledge, perspectives and experiencg
of extra-scientific actors in scientific knowledge production

@ Scenario planning working with local stakeholders in Beppu
€@ monitoring the temperature of hot spring resources in Beppu
€ Collaborating with private company

@ publicize groundwater information/data/knowledge on the wel




Integration and stakeholder involvement (Tress et al. 2005)
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