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Dr. Bekele Debele is a Senior Water Resources Specialist at the World Bank. He

has over 15 years of experience working on subjects ranging from water resources
management, water supply and sanitation, irrigation, desalination and renewable
energy to climate change impacts on water and agriculture sectors. Dr. Debele has
published extensively in peer-reviewed journals and also has authored chapters in
several books in similar fields. Before joining the World Bank, he worked in academia
and private sector in Ethiopia, Ireland, and the U.S. While at the World Bank, Dr.
Debele has worked in many regions, including South Asia, Latin America, Africa,
and Middle East and North Africa. He has worked on, and led, many technical and
policy oriented studies and projects in over 20 countries. Over the last two years, Dr.
Debele has been leading a MENA region-wide flagship study on desalination and
renewable energy nexus.

Relevant Papers:

Renewable Energy Desalination: An Emerging Solution to Close Middle East and North Africa’s Water Gap
(http:/fwrrinmsu.edu/conf/confl1/re-desal.pdf)

MENA Regional Water Outlook, Part II, Desalination Using Renewable Energy, Final Report (http://wrrinmsu.
edu/conflconfl1/mna_rdrens.pdf)

PowerPoint Presentation http://wrri.nmsu.edu/publish/watcon/proc56/Debele.pdf
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Water scarcity trend in MENA...scary! GCC Desalination Plants
4000 MEMNA is the world's water scarce region 14 mllllon m3 d Imll:.mmwim |rI¢l:|l=m
@ B/n 1950 and 2000, per-capita renewable
= water resgurces have fallen by more than
% 3000 2 T5%.
u
5 The projection is that two-thirds of MENA
a countries could have less than 200 m* of
g renewable wWater resources per capita per
‘EJ 2000 year by 2050
£ By 2050:
- * Fop. ~ 700M
O 1000 . gpp ~ uss19 triion
* Water gap ~ 200 Km®
* Cost b/n US$100 - USS
420 billion per year
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...reality is also that the scarce water is ..but desalination is expensive, energy
managed/used less efficiently intensive and has environmental
o implications...
1. Inefficiencies in irrigation and water supply systems..
v Irrigation consumes »80% of water withdrawn region-wide with water use
, effiii:mf 5':)% e N (over 30.40% * Today, KSA alone uses ~ 1.5 million bbl of oil equivalent
Leakages in the networkan (over J for desal ... and on pace to reach & million bbl by 2030 if
2. Pervasive and perverse subsidies in energy and water the trend continues unchecked...the tendency is the same
sectors in many countries in the region..
- Leading to overutilization of the scarce resources
- Financially unsustainable utilities = poor services and * GHG emissions and safe brine disposal are also issues
dilapidated infrastructure = vicious circle related to deslaination, esp. in the Gulf water...
3. Teday's deficits are bridged by unsustainable overexploitation of . )
groundwater, and—to some degree—by fossil-fuelled desalination, ..the status-quo Is not sustainable...
esp. by countries around the Gulf.
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Desal already plays an important role in MENA
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globally... the trend
will continue beyond
- 2016 with more

- countries, esp.
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Opportunities

Huge potential for efficiency improvement {demand mgmt)
+ A combination of policy and regulatory frameworks -

* Technology/ innovation, awareness, pnl:mg. elc
* Replace fix aging water infrastructure...

Potential for RE (solar) development
sSuperior DN (=2,000 kWh/m2/y)

= Export revenue from green electricity P '

= |ndustrial diversification (& new skills creation) Y o tmanhttt 7
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= Energy security (sustainable mix) B o 2000 ki s v

Effectively unlimited seawater
* Red Sea, Mediterranean, Gulf, Indian g
Ocean, Atlantic, Caspian
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* Brine discharges could be used to produce
salt, chlorine, other chemicals
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...cost/ energy intensity of desal on the fall... PRODES
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+ ... about 30-50% of desal water cost is energy cost...
+ .there are advances in desal technology and its env. impacts...
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Solar-driven RO desalination systems ....Methodology

# Involves all 21 MENA countries

Phase-1: Regional

++Water availability and demand assessment, including:
#CG implicabions on waler supply and demand
= water stress and options to close the gap, with associated costs

4 Desalination and RE, with more focus on CSP
# review of desalination - (feed water, energy source, location, eto)
= review of wiabiity of RE-desal (mainly GSP) and when..

Capacity (m*/day): Technology type:
* < P rvro + Concentrate management
‘ = review options to deal with concentrate, with associated cost
Tex<to B solar thermal » review of environmental laws and regulalions thal dictale safe disposal of concentrates
@ 10<x<100 P Hybrid R Phase-2: Case studi
@ 100<x<1000 4 Assessment of full economic costs of RE-desalination
. »1,000 » Six case studies loaking at; tradeofis of altemative sources of water and energy supply,

concentrate management, and various altematives of financing modality.
|$ource; Ghermandi and Messalem {2008), ), Desolination and Woter Treatment (7] 285-256)
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Number of plants E')‘é-" U
POWERSOL PROJECT u

Review of Solar-Desal: Main project objective: Technological development of a solar thermal-driven

o, mechanical power generation based on 3 different a solar-heated
_ :_ thermodynamic cycles (operating temperatures around 80°C, 100°C-

® salar Thermal RO Al?out 79 RE-desal F1|a nts 150°C, and 200°C-250°C)

™ Hybeid reviewed
- Based on scale, water ?:%:%— 3
quality, energy storage :
facility, water production 2

Cumulative Capacity [m3/day] cost of 0.9- 36 USS/m? .
- Cheaper for hybrid option water
" 15008 W 14827

(Seuree: Ghermand| and Messalem, 2009)

L ) - Point 1: Liquid
ERD Rankine ry - Paint 2; Superheatad
= Saolar Thermal-R0 Pumg b ¥

Organic Cycle « Poini 3: Salursted vapour
= Hybrid development + - Point 4: Li
RO desalination
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o Closing water gap ... adaptation cost
Country Specific Water Balance...examples 9 gap P
Witer Costs
m UsSmi SE (USS/eapol Mﬂfﬂ': (% of G0F
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- . Algeria Kt 501 500 075 2 03 0.0
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-"\. L £ 1 WO by
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T T s Wes Malta £ e o a7 04 028
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Closing about 200 km?®/yr water demand gap is odri

challenging and expensive

1) The basic principle was to use the least expensive water first and the
most expensive water last,
2] Demand management

- Improved Irrigation (AWN)
- leakage reduction and tariff reform

Saurces of new water supplies by 2050 (%)

e -

3) Supply augmentation

- Water harvesting, reservolrs

- Reuse and desal
4] Cost vary b/n USS 300 - 420
billion/yr by 2050, if desal is the only
aption;

- with cost optimized approach, the cost 5

can be reduced to USS 104 billion/yr

5) Costs vary significantly among Desalination  Reduce  Duldnew  Recyck
I WARrSam  [ESENOS  urbamand
countries...up to 6% of GDP per year Bariculiure elusiral
waslewaks
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Total Annualized Cost of Desalinated Seawater

(USS/m3)*

CSP-Desal

Feed water Desalination off@#n~ |
source MSF MED ' RO
Mediterranean - 1.97-2.08 1.52-1.74
Red - 1.88-1.98 1.58-1.66
Gulf 2.05 1.78-1.88 1.79-1.87
poebllen 2.05 19-2.1 151.9

energy desal)

Note: based on desal capacity of 100,000 m?/day

* the costs exclude scoled up environ. mitigation, and land and transport cost
* = depending on site, scale, energy storage facility, unit costs of 0.9-32.0
Uss/m? have been reported for small scale RE-Desal plants ...

Closing demand gap ... an optimized scenario

500 500
450 450
_S 400 400
_5 850 350 DEfficiency Gains
£ 300 - 300 | oUnsustainable Extractions
| 250 4 2s5p mCSP Desalination
3 ] BConventional Desaiination
E 2 200 o\Wastewater Reuse
§ 150 150 | mSurface Water Extractions
g 100 100 | BGroundwater Extractions
O Total Demand Bal
50 50
0 0
2000 2010 2020 2030 2040 2050

Year
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RE can provide a win-win solution

* Coupling RE sources with desal could provide a sustainable
source of potable water.

» With future advances in RE and desal technologies and
economies of scale, RE may be a cost-effective alternative to
conventional energy...

... bfc fossil fuel (GHG, limited resources, volatile and will be expensive
due to competition).

¢ Increased RE use will reduce CO, emissions.

— Using RE-desal could save up to 400 million tons of CO, equivalent
emissions by 2050 .... scaling up RE use economy wide could cut
emissions from 1.5 billion tons by 2050 (if current trends continued)
to 265 million tons by the same year.

— Can reduee volume of brine produced due to flexibility to employ
RO instead of thermal desal..,

Next steps..

Case studies/Report:

1. Summary of best practices in desal (technology
selection, financing modality, brine management, etc)

2. Barriers against adoption of alternative energy and
water supply options (policy, financing, etc)

3. Full economic analysis:
* Algeria—InSalah
* Egypt — Marsa Alam
* Yemen=Taiz

4. On phase-1 report:
+ Background material WWW.WorldBank.org/mna/watergap
* Comments are welcome until Dec. 23, 2011
+ Launch for the 6" WWF 2012...
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