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Project Cost Factors - Outline

L Factors Within Control of Project Proponent
* Project Size
» Capacity Availability Factor
« Source Water Quality
» Target Product Water Quality
» Concentrate Disposal Method
» Power Supply and! Unit Power Costs
* Project Risk Profile
» Environmental, Public Participation and Other Cost
Factors

1 Factors Outside of the Control of Project Propenent



Project Size - Bigger is Cheaper
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Capacity Availability Factor

L Avallability Factor - % ofi Time per Year the
Plant is Producing Flow Equal to Or Higher:
than its Design Capacity

L Downtime = 100 % - Availability Factor

L Current Plant “Standard™ Availability Factor Is
95 %.

L Best-in-Class Plants Show: Availability’ Track
Record off 98! %, or More.

L Increasing Availability: Factor from 95 te
100%0/Results iIn Capitall Cost Increase of 20
to 30 %.




200 MLd Barcelona SWRO Plant -
Example of 100 % Avallablllty

Courtesy: Degremont



200 MLd Barcelona Plant
Treatment Facilities
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Site Layout of Barcelona
SWROBlant
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~ Source Water Quality -
Salinity & Temperature Variations

Seawater TDS and Temperature of Various Ocean Water Sources

Seawater Source Typical TDS Temperature (°C)
Concentration (mg/L)

Facific/Aflantic Ocean 35,000 9 — 26 {avg. 18)

Caribbean 36,000 16t 35 (avg. 26)

Mediterranean 36,000 16 to 35 (avg. 26)

Gulf of Oman and Indian
Ocean 40,000 22 to 35 {avg. 30)

Red Seq 41,000 24 to 32 (avg. 28)

Arabian Gulf 45,000 16t 35 (avg. 246)

Mote: Seowater TDS and femperature may be outside the table ronges for a site-specific
location.




Source Water Quality
- Cost Impacts

Seawater Source Unit Construction Unit O&M Costs Unit Capital Costs
Costs

Mediterranean

Gulf of Oman

Red Sea

Arabian Gulf




0
Effect of Target Product Water Quality on Water Costs

Target Product Water | Construction Costs O&M Costs Cost of Water

Quality
TDS=500mg L
Chloride=250mgL
Boron=1mgL 1.00 1.00 1.00
Bromide =08 mgl Single-Pass RO System I
TDS =250 mgL
Chloride = 100 mg/L
Boron =0.7>mgL 1.15-1.25 1.05-1.10 1.10-1.18
Bromide=05mgL

Partial Second Pass RO System I
TDS =100 mgL
Chloride = 30 mg/L
Boron =0.5mgL 1.27-1.38 1.18-1.25 1.23-1.32
Bromide =02 mgL
Full Two-Pass RO System I
TDS =30 mgL
Chloride = 10 mg/L
Boron =03 mgL 140-1.35 132-145 1.36-1.30
Bromide =0.1 mg/L
Full Two-Pass RO System + IX I




Concentrate Dizpozal Method

Dizpozal Construction Cost

(USS/me.day)
Mew Surface Water Discharge 20 - 730
(Mew Qutfall with Diffusers]
Collocation of Desalination Plant and 10 - 30
Fower Flant Discharge
Co-Dispozal With Wastewater Treatment 30 - 130
Plant Discharge
sanitary Sewer Discharge 3 — 130
Deep/Beach Well Injection 200 - 623
Evaporation PFonds 300 - 4,500
Spray Imgation 200 - 1,000
lero Liguid Discharge 1,500 - 5,000

Mote: USH1 fmi.day = US$3,785/MGD




Power Supply and Unit Power
Costs

Indirect

Capital Cos
10 to 20 %L\




Types of Power Supply and Costs

U Interruptible vs. non-interruptible power supply;
U Tariff-driven power demand;

[ Use of natural gas vs. electrical energy for power
supply of RO high-pressure pump engines;

L Power seli-generation from natural gas;

L Collocation w/' power plants to aveid payment of the
transmission portion of the Power Tarift.



Indirect Capitall Costs are Direct
Function of Project Risks

/

( Indirect
Capital Costs
10to 20 %




Key Project Risks with Cost Impact
Permitting (Licensing) Risks:
Entitlement Rislks:

Power Supplv Risks:

Construction Eisks:

Source Water Eisks:

Technologv Risks:

Eegulatorv Eisks:

Operational Risks;

Desalinated Water Demand Raisks:
Financial Risks.




Permitting (Licensing) Risks

L Risks Associlated with Obtaining Permits and
Licenses for Plant Construction and
Operation

N Key Permitting Risks & Costs:
» Obtaining of Environmental Permits
* Envirenmental Impact Mitigation Cests

* Alr pollution emission permits — for power seli-
generation

» Source water intake permits — for subsurface
Intakes

* Risk ofi public nen-acceptance of the facility



Entitlement Risks

L Risks associated with:

 Control of the costs of use of the desalination
plant site;

» Use of existing intake and outfall
Infrastructure and rights of way;

» Potential changes of technology and capacity
off existing host facilities (i.e., power plants
and wastewater plants).



Power Supply Risks

1 Risks associated with the availability of low-
cost power supply sources.

1 Use of renewable power could double unit
power costs

L Requirements to reduce carbon footprint of
the desalination plant operations, in the future
could trigger needs for purchase of CO2
emission credits.

U Low Power Supply: Availability’ Factor, Poor
Power Quality and Frequent Power
nterruptions, can Increase Power Costs




Construction Risks

LI Risks of potential increase In the construction
costs due to:

Unusual subsurface site conditions (i.e., buried oll
contamination, asbestos pipe, etc.);

Delay of delivery of key equipment and materials;
Construction cost overruns;

Designer and construction contractor errors and
omissions;

Performance and reliability risks during start up and
commissioning.

L Solution: Select Only Construction
Companies and Engineers with: Proven Trrack
Record and Desalination Experience.



Source Water Quality Risks

[ Risks related to:

« Seasonal or annual changes in source water quality
due to climate impacts, waste dischargers in the
vicinity of the intake, algal bloems and changing
location of underwater currents.

« \Wastewater and industrial discharges with
contaminants that can destroy RO membrane
Integrity.

= Highly fouling efifects of ship trafiic and' dredging.

U Solutions:
« Use deep (> 12 m) offshore intakes;
« Avoid intake lecation Inf underwater currents;

« Complete a full 12-monthi source water quality
characterization.



Tlechnology: Risks

LI Potential downsides of using new and
unproven technologies with limited track
record.

L New technologies could result in loss of plant
productivity and availability due to downtime.
Consider such downsides against the
magnitude of potential upsides from eneragy
savings, reduced chemical consumption or
Increased plant fresh water production.

L Example — Membrane Pretreatment



Seawater Membrane
Pretreatment Experience to
Date




Utility
MNo.

Primary
Membrane

System Problems

Root Causze of Problem

Lessons Learned

Unable to

Lower Achievable Flux

Filot-test During

Meet Design than Projected. Extremea WG
Capacity Filot Testing Did MNot Conditions.
Address Extrame Water Use Conservative
Quality (WQ) Safety Factor When
Conditions. Up-scaling Pilot
Testing Eesults.

2, = High CIF Excessive Membrane Filot-test During

Frequencies; Fouling. Extrerme W&
» [FExcessive Filot Testing Did Mot Conditions.
Downtime & Address Extrerne Water Additicnal
2 &M Costs, Quality (W& Pretreatment May
Conditions. be Needed to
Address Extreme
WG Conditions.

3. « Unableto Undersized Membrane Ancillary support
Meeat Design Ancillary support aystems Can bBbe a
Capacity aystems., significant

Bottleneckif
Undersized.

4. « Higher Lower Than Projected Additional

Membrane Membrane Life. Fretreactment May

Feplocement
Costs

Fotential Membrane
Fouling & Lack of
Frevious Data by
suppliers,

e MNeeded to
Obtain the Useful
Membrane Life

Indicated by
Membrane

supplier.




Membrane Filters

Learned -2

- Operational Challenges & Lessons

Excensiv e
Crowernfime &
Moinftenanoce
Loweer fhan
Projecitaed W

Excassive Fiber
Breakage.

Fouling or W Putifing
Higher Siress on the
Fibers than Expecied.

Laock of Expersiencs
weith Use of
Membraones for
Siwen Wi Moy
Requirs Change in
MMembrane
Cherrmisiry &

Crc bility

Unablis fo
Meast Design
Capacity

Higher fhan Anficipaitsed
Crove mfirmess.
Maonufaciurer Missed o
Include Wabee
COpening/Closing Timnme
for Infaegrily Teois,

hAor= Maembroane
Capaciiy MNeseded o be
Installsd

Compilefse
Thorough REewview of
fthe Downfimms for
A0 MMFSUF Sysfem

O perafional Steps
Under Worsi-Cose

O perafions
SCocenano.

Higher fhan
Expected
O &M CTosis

More Fregquent
Chemical Cleaning
Meseded than Inificihy
Projecitaed.

Filoi-fesi During
Exirernms W2
Condifions.

Use Consaervafive
Safedy Faciocr When
Up-scaling Pilod
Testing Eesulis,

Excensiv e
Sysiem
Do nfirmee

Failurses in Membrans
Foifing.

Sysiem Mot Handling
Woter Pressurs /P otiing
Moienals Mot Tesied
Prewicushy.

e s o
Membrones that
Haos Componsnis or
MAoferial that Hawve
HNeyver Been Tested
Presvicuwshyl

Cifficul System
O perafion.

InsufficieEnt Sysiem
Training for STaff.

Plon for Addificonal
Staff Troining
Beyond the
rAInir L Offensd
by fhe
Monufoochurer.

Excaessive

Crone mfirms
Failur= o MMoect
FProduct Wia
Targaeis

Frequenth Failling
Membrane Infeoriiy
Testing.

Al Leaking form
Saskaefs and VWabhves,

Moke Sure thaot
Replocement of
Failed Gaskeis,
Walves and Sealks is
Inchudeaedin
rAonufoociures
Membraone System




Regulatory Risks

1 Risks associated L Examples:
change in Building Codes;
environmental, . Change in
engineering, discharge
construction or other requlations:
government o
regulations and their * Increasingly
capital and O&M water quality

costs. requirements.



Operational Risks

[ Risks associated

with inadequate
and/or negligent
desalination plant
operation and
maintenance:

[ Consequences:
* Permanent Damage

off RO Membrane
Elements;

* Reduced energy

efficiency of large
pumps and energy.
lecovery devices.

* |[nexperienced
Contractors;

* Selection of poor
guality materials

L Soelution: Use of
and membranes

EXxperienced
Contractors with
Proven Irack Record




Desalinated Water Demand Risks

[ Risks associated 1 Solutions:
with limited use of » Plant operation at
the desalination all times:

plant due to variable
seasonally driven or
temporary drought
driven demand for.
desalinated water.

* [ake-or-pay
contractual
arrangements with
wholesale supplier

» Subsidy for
desalinated water
to cover 1dle
PErIodS.



ShEREEINSE

L Risks related to:
- The financial strength

U Project lenders favor
financial

(credit capacity) of the
entity which will be the
main desalinated water
user.

Political stability of the
country hosting the
desalination project.

Stability ofi local currency.

agreements with
entities which have
proven track record
In servicing their
depth and equity
obligations;and
Whichido not carry
ExXcessive amount of
previous fiscal
obligations.



Other Factors Under the Control of the
Owner which Impact Project Costs

Other Project Cost Factors
Other factors that have a measurable impact on project costs are listed below:

o [Intake Twvpe and Design Configuration:
o Open ocean vs. subsurface intakes;
o Collocation of intake and discharge with existing power plant;

o Collocation of discharge with WWTP discharge.

* Pretreatment Svstem Tvpe and Design;
o  SWE.O System Configuration:
o  Number and size of individual RO trains:
Redundant installed capacitv;
Number of vessels per RO train;
Number of SWEO membrane elements per vessel;

o
o
)
)

Number and location of points of permeate collection from the individual vessels;




Other Factors Under the Control ofi the Owner which
Impact Project Costs (Continued)
Architectural Design;
Structural Design:
o Buovancy control;
o otructural reinforcement for wind and earthquake forces;
o Foundations (piles, slab footings, etc.).
Electrical Design:
o Power source (electrical grid; self-generation; direct connection to existing power
generation units);
o Site power supplv svstem configuration — location and size of power substations

and connecting conduits;

Selection of Kev Materials (Piping, Equipment and Structures);
site Work Including:

< Plant lavout;

<~ Lightning:
o FRoadwavs;
o Site drainage and stornm water management;
Corrosion Control:
o Protective coatings of structures, equipment and piping;

o Cathodic protection.



Cost Factors Outside of the Control

of the Project Owner

Fegulatory Design Standards, Building and Fire Codes;

¢ Schedules Mandated bv Third Parties (Regulatorv Agencies, Emergencv Eesponse
Needs, etc);

¢ Conventions of Prudent Engineering Practices;

* (Construction, Equipment and Consumable Supplier Market Conditions;

o Jocal Labor and Material Costs;

¢ Construction Time Constraints Driven Bv Local Noise and Trafficrelated Ordinances,
and Limitations of Hours of Operation of Construction Equipment;

¢ Use and Condition of Existing Facilities;

o (General Economic Environment:
o (Climate Conditions;
# Seasonal Water Demand and Power Taniff Vanations;

¢ Land Costs and Site Subsurface Conditions (i.e., soil and groundwater contamination;
soil load bearing capacitv and liquefaction potential; and subsurface obstacles).



Questions?




Lunch Break




