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Introduction to the Climate-Land-Energy-
Water (CLEWs) modelling framework

and its use in the Nexus Assessment of the
Drin River Basin

is license, visit http://creativecommons.org/licenses/by/4.0/. E]



http://www.optimus.community/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

o

A Y
EFKTHSR

VETENSKAP
&9 OCH KONST 9%

L) 9

O%X‘%b

Agenda
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Time Session Presenter

9:30-9:45

9:45-10:30
10:30-10:45
10:45-11:15

11:15-12:00
12:00-12:45

12:45-13:00

Welcome and introductions

Introduction to Nexus assessment methodologies and CLEWS
Break

Climate-Water-Energy nexus issues in the Drin River Basin: what
can be modelled?

The water-energy model of the Drin River Basin: methodology

Breakout group session: discussion on scenarios with the water-
energy model of the Drin River Basin

Wrap-up and end of session

Tassos Krommydas (GWP),
Francesco Gardumi (KTH)

Francesco Gardumi

Francesco Gardumi

Youssef Almulla

All, facilitated by KTH

Youssef Almulla
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Leaming objectives

* Acquire general knowledge about the assessment of the water-energy-food
NEXUS

* Understand the scope and characteristics of the CLEWSs nexus methodology

e Understand the methodology underlying the water-energy model of the Drin
River Basin

* Relate the scenario results of the water-energy model of the Drin river basin to
key numerical assumptions and to the methodology
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Introduction to Nexus assessment methodologies
and CLEWS

Vignesh Sridharan, Eunice Ramos, Rebecka Engstrom, Youssef Almulla, Emir Fejzic,
Francesco Gardumi

KTH Royal Institute of Technology
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« Sustainable development means untangling a complex web of interwoven concerns and
vested interests.

» Decisions can have far-reaching consequences outside the targeted area, sector, or
jurisdiction.

« Impacts can be unintended and unforeseen.
» Cross-sectoral and cross-system impacts may be either positive or negative (or both).

A coordinated and integrated process to develop policies and measures with adequate attention
given to cross-cutting aspects is needed to best manage synergies and trade-offs.
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« Systematically identify relevant linkages across the sectors and domains and consider those
linkages in design of policies;

« Ensure that policies are consistent across sectors and scales (from local to global);
 Involve relevant stakeholders in design, implementation, monitoring, and evaluation;

 Allocate adequate resources for implementation at all levels and at all scales.
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* Understanding the consequence of Human A oy
actionsis paramount \. ﬁ

e Synergies and trade-offs between systems &
sectors need attention

e Resources are finite

I

* Integrated assessmentis a blanket term- takes
into consideration more than one system/sector &/\j’ :

* Models developed to understand these
interactions are called IAMs (Integrated
Assessment Models)
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Interaction and interdependency between selected
n eXUS resource sectors/system/domains [in terms of trade-offs,

conflicts, opportunities and synergies].

N exu S A systematic process of inquiry that accounts for water, land,
energy, food and climate interactions (and/or other

ap p rOach systems), in both quantitative and qualitative terms, with

the aim of better understanding their dynamic relationships
and inform planning and decision making in these domains.
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CLEWs (IAEA, 2009)

Nexus approach - Frameworks

Action Fields

Society \
Accelerating access,
integrating the bottom
of the pyramid

Economy

n
\
Creating more 3
with less /

Environment \\

Investing tosustain
ecosystem services

security

Water
supply

Nexus
perspective
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Finance Governance

Enabling
3 factors/
| incentives

Global trends

Urbanisation Populationgrowth Climate change J

Innovation

To promote:

Water/energy/
food security
forall

Equitable &
sustainable
growth

Resilient,
productive
environment

Water-energy-food security nexus
(Hoff, 2011)


http://www.sciencedirect.com/science/article/pii/S0301421511007282#gr4
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Goals and Interests

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

o

Governance

o

Population
growth

Managing the Nexus

Sectoral policies and
vested interests

Indirect
drivers

Scenario
Development

Human Well-

Urbanisation

International

of

f Being & -
: d R
0 Environmental e FR——— trade,marets 30
Change Sustainablli[y ~, Cchanging diets and prices <
* Food and nutrition security Cultural and P development
. societal beliefs wn
D irect Sl i d heaith and behaviours . \ Agncultural
* Access to modern energy 4 \ transformations
d rnvers 1 * Enhanosd Svellhoods Climate Technology and
< * Environmental quality Change Resouica bace innovation

i 3 S £

change

Current Opinion in Environmental Sustainability

WELF nexus (Ringler et al, 2013)
WEF nexus approach (FAO, 2014)
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UNECE

BRI s el Programme of Work 2013-2015 under the UNECE Water Convention, adopted by the Parties

transboundary basins and experiences
from its application: synthesis

FIGURE 6
Phases of development of the TBNA methodology

Nexus assessment
methodology

UNECE, M. Roidt and L. De
Strasser, Methodology for |

. Stocktaking report
assessing the water-food- (2015)
energy-ecosystems nexus
in transboundary basins and

experiences from its
application, 2018

Global stocktaking Synthesis report
workshop (2018)

11
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STEP LOCATION SECTORS
1 |dentification of basin Desk stud General. Information normally used to underpin sectoral
conditions, the socio economics Y planning. Key elements include general socio-economic goals.
|dentification of key sectors and General. Requires expert judgment understanding of local
P Desk study
stakeholders context, governance.
. Desk study/ 1% Individual sector experts and plans. Key elements include
Anal fthe k . . o :
3 nalysis of the key sectors Workshop identifying resource flows and institutional mapping.
4 |dentification of intersectoral 15t Workshop Sectoral group discussion on interlinkages (input needs, impacts

issues and trade-offs), and discussion on sectoral plans

Agreeing on a prioritization of main interlinkages. How the
15t Workshop interlinkages are expected to change (development trends, key
uncertainties and drivers)

5 Nexus dialogue and future
developments

6 Identification of opportunities 1%t & 2nd Identification of solutions with multiple impacts between
for improvement Workshop/Desk study sectors, scales and boundaries

12






CLEWSs stands for: Climate-Land-Energy-Water
systems

\_

Integrated analysis of resource systems’
interactions and quantitative assessment of
critical linkages using modelling tools.

~N

J

What is the CLEWs framework?  %:PIIMUS

www.optimus.community

Conflic*

Climate

Water § Energy

Opportut.. ynergies

14
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Enables evaluation of the general robustness of a
particular strategy or policy

* Provide policy support and analysing alternative

development pathways/choices Water

* |nvestigate implications of technology
deployment and sector-specific solutions
(irrigation, electricity generation, afforestation)

Opportut.. ynergies

15
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« Techno-economic representations of real-world systems
« Designed to assess the role of technology change and technology choice
« Enable scenario-based analysis to evaluate risks and uncertainties

» Intended for long-term analysis of sustainable development issues
(e.g., one or more decades)

« Highly customizable/flexible with respect to system boundaries,
geographical coverage, level of detail, and economic characteristics

£.:pTIMUS

www.optimus.community
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« CLEWs models are not crystal balls
« CLEWs models have idealized representation

« Some policies and measures cannot be represented directly in CLEWs model
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Turbine

o Air Cooled HX

Water to
Energy

o Supplemental Cooling/Cold Storage

Absorption Cooling

Fossil fuel extraction

Fuel cycle

Fuel processing

Other Innovative
Concepts

Radiative Cooling

Biofuel cultivation
and processing

Energy conversion
processes

Transport sector

Electricity
generation

& 2pTIMUS
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— Hydropower

Thermal power

Non-hydro
renewables

18
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/‘ Supply  Plant
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Energy to

Water

Treatment

Drinking water

pumping (extraction and
distribution

water purification

Operation of water
systems

wastewater treatment

non-conventional production
of potable water

pump storage power plants

Use of water

Water heating

Energy use and end use (e.g.
washing machines)

Energy for agriculture

Irrigation systems

2 PTIMUS

www.optimus.community

19



o

A Y
EFKTHSR

VETENSKAP
&9 OCH KONST 9%

L) 9

o%_x% 1

URBAN AREAS &
PLANNING

Population distribution and
location of water resources

AGRICULTURE

Crop suitability and vyields

Livestock

Forests

Natural cover

Wetlands

Inland water

S2PTIMUS
™

www.optimus.community
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Land to
Energy

Mining

Fuel Extraction and
production / processing

Oil fields, tar sands,
shale gas

Storage

Biomass for energy

Agroforestry residues

Biofuel production

Energy infrastructure

Electricity transmission
network

Renewables (large
scale PV, Wind, CSP)

= o —F

Power plants

Hydropower (flooded
area)

-¢pTIMUS
@?dab
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Thermal power

Cooling systems,
waste deposits)

21
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Energy
to Land

Environmental
Fuel Extraction and degradation
production/

r in : inati
processing Soil contamination

Deforestation

Biomass for Afforestation
energy
Ecosystem disruption
and/or degradation
Energy infrastructure Land use change

Storage

Waste production

Renewables (large
scale PV, Wind, CSP)

Hydropower

Leakage

Tailings deposits,
nuclear waste

flooded area

Thermal power

2 PTIMUS
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Cooling systems,
waste deposits)

22
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Competing

apping systems’ interactions: the whole picture

Extreme events(drought, floods,etc)
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Evapotranspiration
Run-off, water levels and stream flows

Temperature change
River water temperature
Precipitation and snowmelt

I Water Cycle

— Glaciersand snow cover

Regu lated flows
Desalination
Thermal pollution

WATER
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CLEWs: modelling

The CLEWs framework suggests the
linkages can be quantified

e developing an integrated accounting model
(resources use factors, adding CLEWs elements to
sectoral models);

e with the development of sectoral systems models
and integration and iteration between these;

e using a single model framework

Conflic*

Climate

Water

Opportut..

2 PTIMUS

www.optimus.community

Energy

ynergies

24
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Coal Coal— Coal
mine Power Plant

Natural gas

Treated Water
Water eated Wate

resource Treatment

Drinking
water

resource farming nutrition
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Global Agro-Ecological Zones
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Critical Questions

e How should water be allocated to various uses
in time of shortage?

 How should infrastructure in the system (e.g.,
dams, diversion works) be operated to achieve

Water for energy

maximum benefit? Water fornature

Water for agriculture

* Whatis the demand for irrigated water and

what are the associated energy requirements? Water quantity
Water quality

Seasonality of flow

Regulation

Water for recreation Water for industry

Domestic water

27
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Required model inputs include:
e Definition of all Catchment areas
e Real Climatic Data : Rainfall, min & max temperature, humidity, ...

e All main rivers & reservoirs plus stream flow data and reservoirs
levels

* Modelling of existing canals / distribution systems
e Using GIS: land cover classes to calculate evapotranspiration

* Water Demand data (urban and agricultural) according to national
statistics and population density

e Operational rules of hydro power plants

28
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Critical questions

 What investments are needed in generation and
network infrastructure to meet electricity demand and
when?

 What technologies achieve the least-cost and most
reliable energy mix?

 What are the associated impacts on land-use? E.g. from
growing biofuels or from large-scale solar PV parks

 What are the associated water requirements for a
specific energy mix? E.g. water for cooling, hydropower

 What pollutants are emitted and at what level?

29
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* Can be used to assess the impact of predetermined pathways for development;
accounting models (LEAP, MAED)

* Represent decisions of actors within the system; simulation models

* Potential for replacing existing technologies with low-carbon, more efficient or cost
effective alternatives.

* (Can be used to optimize a specific system; cost-optimization modelling (OSeMQOSYS,
MESSAGE, MARKAL, PLEXQOS, ARTELYS CRYSTAL...)

* Technology learning rates, resource availability, technical limitations, environmental
criteria, costs etc. directly affect the optimal system design

* Seeks the |least-cost configuration of the energy system (investments and supply)

30
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Critical questions

 Whatis the potential yield of a range of crops in each region?
 What are the water requirements for each crop?

 How do different climate scenarios affect crop yield?

 What are the energy requirements to ensure a certain vyield?

31
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TTBHER® Classification of Sugarcane Plantation

under different Irrigation Systems
Legend

Large/Small Planters. High-pressure overhead
- Large/Small Planters. Centre pivot
I n p u t * - Large/Smadl Planters. Dragline
¢ B Largo/Small Planters, Surface
- Large/Small Planters, None

- Climatic Data B e o e et g
B suger Estate, Centre pivot
- Detailed soil map and data ST fﬁ

- GIS data for landcover &

- Irrigated areas ’-!
-

Available Rainfall in Mauritius and Water demand of

O U t p U t : different Crops

100.00 250
. . _ 50.00 /\ E ——Average rainfall
- Optimal crops, potential water S " o
e 35
. . g £ 6000 150 & — Sugar Cane -
use, and potential yield F
) ) <% 1000 100 E
E?f, 30.00 %- ~— Alternative Crop
g 000 50 § (2 cycles) -
1000 g Potentail ET
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e Current state and historical trends
e Main stress points

SYSTEMS .. .

Jioaue - © Sectoral policies, plans, strategies

e |nterlinkages between sectors

Ji=\=45 | * Pressure points between sectors (‘nexus issues’)
ASSESSMENT

e Development of independent models with integration possibilities
e Scenario development
MODEL
vaaon vl @ Soft-linking of models inputs and/or outputs

33
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e Analysis of results
e Revise inputs / assumptions
e Conduct additional model runs

e Report on the quantification of the impacts of sectoral interactions

Wzesvl | ® Suggestion of strategies and pathways towards sustainability
POLICY
MAKING

34
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Selected CLEWS Studies

35
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KENYA Mogadishu

Tt .Nairobi
KONGO (DRK) siosdumbere

TANZANIA
a

 Main revenue has been tourism and sugar exports "
NGOLA . |
* Expiration of EU agreement and collapse of revenue from the latter. ZAMBIA — i fbpee
* Diversification from sugar cane to food crops and vegetables MADAGASA
* Bagasse from refining — cogeneration of heat and electricity LA e
* Reduction in sugar prod. led to lower electricity generation from bagasse ARk
 Consequent increase in fuel imports — coincided with increase in —_

international fuel prices

Irrigation requirements higher for food crops-vegetables than for sugar
cane

* |ncreased water demand

36
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Mauritius — National CLEWSs

ol
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The impact of transforming two sugar-processing plants to produce second-generation ethanol in Mauritius
(projections for 2030).
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Difference in electricity generation due
to an increase in irrigation (Sava)
0.2 Link: Sava River Basin Nexus Assessment

el bl
t t t I l i I I I | | i I | I | Link: Drina River Basin Nexus Assessment

® TOTAL Non-hydro RES
B TOTAL Fossil and Nuclear Thermal
= TOTAL Hydro

o

-0.

N

-0.4

Electricity generation difference (PJ)
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https://unece.org/fileadmin/DAM/env/water/publications/GUIDELINES/2017/nexus_in_Sava_River_Basin/Nexus-SavaRiverBasin_ECE-MP.WAT-NONE-3_WEB_final_corrected_for_gDoc.pdf
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Thank youl!

Questions?

40
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