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Cost Estlmatlng of SWRO -
Desalination Plants

Day 1: Plant Cost Fundamentals
June 25, 2013

9:00-10:30

1.1 Project Cost
Estimating - Overview

Water Globe Nikolay Voutchkov, PE, BCEE



Project Cost Estimating
Overview - Outline

L Project Cost Definitions;

LI General Methodology: for Preparation of
Project Cost Estimates;

U Type and Accuracy of Project Cost
Estimates;

L Cost Models.



Desalination Cost
Components

1 Capital Costs:

» Construction (Direct or “Hard™) Capital Costs;
» Indirect (“Soft”) Capital Costs.

1 Operation & Maintenance Costs:

« \/ariable;
* Eixed.

L Cost of Water:

« Annualized Capital Costs;
« O&M Costs.
« \ariable + Fixed



Seawater Desalination Plant -

Construction (Direct) Capital

RO System -
40 % to 60 % of
Construction Costs

Pretreatment - —
15% to 20 %
of Construction
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Discharge - 5to 15 %
of Construction Costs

| Intake - 5 to 20 %
Of Construction Costs




Seawater Desalination
Plant - Soft (Indirect)
Capital.Costs,

L Project Engineering

: 1ﬂ i
‘ , Vi b
L

1 Project Development &

Environmental Review

L Project Financing

L Contingency

% L AL WATER - YES! ’
DESs - NO!||



SWRO Desalination Plant
Cost Breakdown

Indirect
Capital Costs
10to 20 %




Seawater Desalination

Plant - O&M Costs

RO System -
Reverse Osmosis (RO) System 70 % to 80 % Of
P Ty Iy e O&M Costs
15% to 20 %
of O&M costs

Storage Tank
Toy

Conventional Pretreatment Filtration

’’’’’’

Discharge - 2to 5 %
of Construction Costs

Intake - 3to 5 %
~.of Construction Costs



Typical Cost of Water (in US$2013)

and Energy Ranges
(Medium & Large SWRO Plants)

Classification Cost of SWRO System
Water Energy Use
Production (kWh/m?)
(US$/m3)
Low-End Bracket 0.5-0.8 2.5-2.8
Medium Range 1.0-1.5 3.0-3.5
High-End Bracket 2.0-4.0 4.0-4.5

Average 1.1 3.1



Cost Comparison of Alternative Desalination
Technologies

Energy and Water Production Costs for Alternative Deszglination Technologies

Process/Energy
Type

MED

MSF

vC

BWRO

SWRO

Steam Preszsure,
ata

Mot
Neaeded

Not
MNeaeded

Mot
MNeeded

Electric Energy
Equivalent,
kKWh/m?
(kWh/1,000 gal)

4.5-6.0

(17.0-22.7)

2.9-11.0

(35.9-41.6)

MNA,

MNA,

MNA,

Electricity
Consumption,
kWh/m?
(kWh/1,000 gal)

1.2-1.8

(4.5-6.8)

3.2-4.0

(12.1-15.1)

8.0-120

(30.3-45.4)

03-2.8

(1.1-10.6)

2.5-40

(9.5-15.1]

Total Energy
Uze, kWh/m?
(kWh/1,000 gal)

5.7-7.8

(21.5-29.5)

12.7-15.0

(48.0-56.7)

8.0-120

(30.3-45.4)

0.3-28

(1.1-10.6)

25-40

(9.5-15.1]

Water
Production
Costs, USS/m?
(US5/1,000 gal)

0.7 -3.5

(2.6-13.2)

0.9 -40

(3.4-15.1)

1.0-3.5

(3.8-13.2)

0.2-1.8

(0.8-6.8]

0.5-3.0

(1.9-11.3)

Mote: MA — Mot applicable.




General Methodology for
Preparing Cost Estimate

. Determine Project Size, Availability and Location/Site;
. Establish Source and Product Water Quality;
. ldentify the Location of:

[1 Intake;

L] Discharge;

L] Point of Delivery to the Water Supply System;

L] Source of Power Supply.

. Complete Initial Environmental Review;

. Use Cost Curves, Models or Detailed Cost
Calculations to Determine Capital and O&M Costs;

5. ldentify the Source and Conditions of Project
Funding;

7. Calculate Cost of Water Production.



Type and Accuracy of
Cost Estimates

I Conceptual Cost Estimate

Developed During Initial Planning/Phasing;
» Accuracy — 50 % to + 100 %.

1 Preliminary Cost Estimate

Developed when Project Scope is Well Defined;
« Accuracy — 30 % to + 50 %.

U Budgetary: Cost Estimate
Used to Determine Project Budget and Procure Services;
« Accuracy — 15 % to + 30 %.
U Preliminary Cost Estimate

Developed based on; Detailed! Project Design.
« Accuracy — 5 % to + 10 %.



o - 0 W A o s
Estimate Tvpe Cost Basis Purpose Expected
Accuracy
(Percent of
Actual Costs)
Conceptual Initial Project Scope and Conceptual Planning; | -30to +100 %
(Incremental Conceptual Design; Fatal-flaw analysis;
Budgeting) Costs of Similar Projects; Project Scope
Scale Factors: Definition.
Cost — Plant Capacity
Curves and Tables.
Preliminary Preliminary Project Process. Technology - 30 to +30 %

Design;

Cost Models:

Cost Graphs, Formulas
and Tables for Individual

Treatment Processes and
Equipment.

and Equipment
Selection:

(General Evaluations;
Guidance for Future

Investigations.




Type and Accuracy of Cost
Estimates (continued)

Budgetary Advanced Project » Facility Owner - 15to +30 %
Development and Budget;
Design: ¢ Project
Budgetary Vendor Authorization.
Quotes for Kev
Equipment_ Piping and
Facilities:

Cost Estimates Based on
Sizing and Quantification
of Construction Materials
and Labor.

Detailed ¢ Detailed Project Design: Preparation of Project -5 to +10 %
(Zero-Based » Equipment and Material Tender (Bid) Price;
Budgeting) Specifications and Control of Project
Quantification; Implementation.
Firm Vendor
Quotes/Purchase Orders;
Guaranteed
Subcontractor Prices for
WVarious Activities.




Conceptual Cost Estimate

Purpose — to Determine an Order-of-Magnitude
values of capital, O&M and water production costs.

Typically Used for:

LI Preliminary Screening of Water Supply Alternatives;

L] General Cost-of-water Comparisons with Other Sources of
water supply;

LI Preliminary Site Screening;

LI Fatal Flow Analysis.

Estimate Usually Based on:

L] Cost-capacity curves;

LI Scale-up or down empirical factors and exiting project costs;
L] Source and product water quality, location and size.



Preliminary Cost Estimate

* Purpose — higher-accuracy estimate developed for
specific site and conditions.

* Typically Used for:
L] Site-specific project cost assessment;
L] Evaluation of alternative treatment processes & equipment.



Preliminary Cost Estimate -
Information Needed for
Development

Average Annual, Daily Average, Minimum and Maximum SWEO Plant Production
Capacities;

Design Plant Capacity Awvailability Factor;

Source Water Quality Specification;

Product Water Quality Specification;

Plant Intake and Discharge Tvpe, Size and Configuration;

Selection and Size of Kev Facilities, Equipment and Piping for:

Source Water Pretreatment;
SWERO Desalination and Energv Fecovery;
Product Water Post-Treatment;
Concentrate Disposal;
Solids and Liquid Waste Handling.

Process Flow Diagram;

Preliminary Facility Lavout;

RO Svstem Performance Projections;

Solids Mass Balance.




Budgetary Cost Estimate

* Purpose - for inclusion in owner’s fiscal planning
and budgeting process.

* Typically Used for:
L] Project Funding;
L] Project Comparison;
LI Refinement of Project Design/Value Engineering.



Budgetary Cost Estimate -
Information Needed for

Development
Preliminarv Geotechnical and Hvdro-geclogical Investigations;
Preliminarvy Design of
Kev Project Structures and Foundations;
Electrical Supply Svstem;

Instrumentation and Control Svstem;

Architectural Facades and Appearance of Kev Buildings:

Plant Hvdraulic Profile;
Basic Specifications of Kev Equipment and Piping. Equipment Data Sheets and

Budgetarv Quotes from Vendors;
Project Implementation Plan and Schedule.




Detailed Cost Estimate

*  Purpose — to determine construction contract price.
Costs based on actual design, equipment vendor
firm prices, and quantity of materials, labor and
other consumables.

* Typically Used for:
L] Contractor procurement;
L] Determination of most probable construction, O&M and
water costs;
LI Tracking of project construction progress and expenditures.



Detailed Cost Estimate -
Information Needed for
Development

Advanced Level of Project Design (30 to 30 % of design completion);
Detailed Construction Survev;

Detailed Geotechnical Investigation and Soil Analvsis;

Comprehensive Project Implementation Schedule;

Detailed Quantification and Cost Estimates of Kev Construction Activities;

Binding Vendor Price Quotes for All Equipment and Prefabricated Facilities of Unit
Value In Excess of US$10,000 including:

o source Water Intake, Screening and Pretreatment Equipment;

o RO and Pretreatment Membranes and Cartridge Filters;

o Large Pumps;

o Energv Fecoverv Equipment;




Project Cost Models

L Most Popular Models:
» WTII'Cost — USBR — 2008 (latest)

hittp://
WWW.Usbr.gov/researnch/AWT/reportpdis/repor
t130.pdf

* |Internationall Atomic Energy: Agency: (IAEA)

Desalination Econoemic Evaluation Program
(DEEP — version 4)

hittp://www.iaea.org/NuclearPower/Desalination/
Index.ntml


file:///mnt/tmp/lo-pdf-convertQZzw0m/
file:///mnt/tmp/lo-pdf-convertQZzw0m/
file:///mnt/tmp/lo-pdf-convertQZzw0m/
file:///mnt/tmp/lo-pdf-convertQZzw0m/
file:///mnt/tmp/lo-pdf-convertQZzw0m/

WTCost |l Program - USEPA
(latest version - 2008)

Allows Comparison of:
Thermal and RO Desalination

Membrane and conventional
granular media filtration

Incorporates:

lon Exchange

ED/EDR

MSF, MED, TVC

Hybrid (Thermal & RO) Desal Systems
Other Processes

Reflects Use of Pretreatment
Chemicals

Equipment Supplier and Energy Source

Neutral

RECLAMATION

Managing Watégwm the West ..

Desalination and Water Purification Research
and Developme Report No. 130

WT Cost Il
Modeling the

U.5. Department of the Interior
Bureau of Reclamation



WTCost Il - Inputs

L Product Capacity
L Overall Recovery Rate
LI Percent of Time Online (Availability: Factor)

U Water Quality: Analysis



WCost Il - Project Description

EFnArm
PROJECT INFORMATION

PROJECT

Project Name Bureau of Reclamation Project
Location:
Project
Manager :
Date :

SPECIFY CURRENCY

CAPACITY SPECIFICATIONS

Desired Product B

Water Flow Rate 0 |MeD

Plant Availability [05  [0,100]%

Planned Operation 24  Hrs/Day

PLANT STAFFING

Enter the average labor rate/hour for each
cabegory of staffing. The ENR labor rate has
been added for the operations and maintenance
staff. The total yearly cost for labor will be adder ~ Supply, Office, and ¢ Operators and
up and summarized at the end of the project Administration ! Maintenance

Management i Engineering and
' Laboratory




WTCost Il - Input Water Quality Data

PROJECT INFORMATION

] WATER ANALYSIS

Select a Water Analysis

* Fdit Praject Analysis
. o 0K

Enter a New Analysis

Emter
MMoltiplier

YWater Properties

pH
Specific Grawvilty . 02354
Turbidity HTL

Conductn ity LS T

femperatune deg C

YWater Analysis Values
Freo Energy (diG) = diG" -k
R*T*In{Q)

Total Equivalents per Liter
CEaq L)

Average Equivalent Mass

Metals
Boron
Barium
Calcium
Iron
Magnesium
Manganese
Potassium
Sodium

StronmEium

Total Eguivalents, Valence =1
{Eg/L)

Average Molecular
Mass {g/Mol)

Total Ionic Strength (Mol /L)

Inorganic and Disolwed Solids
Alkaliniby-
Bicarbonate

Alkcalinity-
Carbonate

o2
Chiaride

144

T

Fluoride
MNitrate (as N)
o~-Phosphate
Sulfabe

Silica

Total Organic
Carbon {TOLC)

Total Dissolved
Solids (TDS)

Total Suspended
Solids (TSS)

pHords = 873
i}
Cations
Eq/L
Anions
Eq/L

0. 604

LER S




|l - Process Selection
alean

PROJECT INFORMATION T

7 PrEtrEEtll!'Eﬂt-i
Disinfection |
_hlorinabon
iChlaramination
Eleckro-Chariration

e
L

¥ Chemical Feed Systems

Ackdification

Alurn (Dry Faad)
PaC

Ferrols Sulfabe
Ferric Chforids
Lime and Sods Ash
Arki-scalant
Pobvelectrolie

Fotassiom Permanganate
Bi=OH

¥ Filtration

Granuls Activated Carbon
Gravity Filtration
PicrofitrationfUltrafibration

WA TER AMNALYSIS T

 Dechlorination

Sodium BisulFite
Sadiuf Sulfite
Sulfur Dioeade

¥ Desalting

Feyverss Osinosia/Nanafiltration
Electrodiabysis

TIom Exchangs
Thermal Desalinatian

¥ Post-treatment
Chiorination
Chicr armination
Crzone
Ly
Chemicsl Addtion

¥ Miscellaneous Equipment

Upflow Solids Contact Clarifeer
InkakefOutf al

Clearsel Storags

Fumps

Additiorial Equipment

LUNIT OPERATIONS



WT Cost Il - Membrane Pretreatment Cost Form

Prodess Tnput
Mambeans Flae  (galifedideyd EEEE

Direct Capital Costs

Misrnds aners 22 Ch
Miarmils aren Moo £2.248.331
Pk 322 350
Dot ey 11381705
Migebarecus 209, 160
Flard Inkesconnecting Pipeg 1208, 240
Ersgrataring $438, 480
Totad 5,541,370

Operatasg awd Maintenanoe Costs

Elactricity £85. 046
Labsr 554,070
PMatsbe e Roplacarant £317.240
Cheaning Chessicals (MyOCT) $117. 810
Rapaairs aced Raplacednent {462,200
Total £1.537 A5G




T C_ost I - Membrane Pretreatment Cost Foﬂrm

A

Fiarnd Cudpad
FO Oy

3465, 5133
B3, B2, 12960

Coangtrund Lion Cost Operatineg Cosl
Tebd  fMOGdey $iGaken Anrual
§1000 jday $1000 fMa figal

T A TR A T T o T o e T
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WTCost I -

Direct Capital Cost - Construction ($)

Building Cost ($/sq ft)
Administrative Area (sq ft)

Electrical Cost Base
$/kgal{Us} Capacity

Sitework  §/kgal{Us)
Backup Generator [MW)

Pumps Direct Capital Cost

Pumps Operating Cost
(excluding electricity)

After calculating the pump costs,
you will be returned to page 1 of
the RO-NF calculations

§ 4,050,000

4 451,000

RO Form

Direct Capital Cost - Misc. ($)

i Ddor Control
Instruméntation and Cntrols
I Degasifiers

Contractor Engr and Tralnlng
Process Piping

Yard Piping

Operating and Maintenance Costs

Electricity

RO-NF Operating and
Maintenance Staff

Repairs and Replacement

Laboratory Fees

Total Direct

Total Ops. and
Maint. Cost $6,560,000




_______WTCost 1 Cost Summary Form:

ittt o) o N R AT S R P e R A e A I T

In.#a:t Cu&iﬁ

T

Fead Flow 5300 MGD (U.5.}
Product Flow 20 MGD [U.5.)
Process Recovery (%)

Plant Availability (%)

Planned Operation (h/day)

Pretreatment Disinfection
Chiarnalion

Chemical Feed Systems

D Rata
L Product Water Treatment

i mail.
10 mal Chilorinalicn
Product Water Chembcal Addition

Miscellansowus Equipment

Upow Solids Contact Clarifler
Intake/Outiall

Clearwell, Storage and Land
Additional Equiprment




e S T A N e TR T T

O T T A R T T TP

W T Cost Il - Cost Summary Form

T A T L L L o o R o L Y - T o D HET P T T T O T T T T T DO D D T R PO

Project Summary

i':
i:E
i
| |
k
|5f
§
i
B
q
E
B
|
f
H
:
g
f
f
H
-
i

Indirect Cost Input
Interest during Construction
{% of Total Constr. Cost)

Contingencies (% of Total
Constr, Cost)

Architectural and Engineering

costs: Project Management,
Fees (% of Total Constr,
Cost)

Working Capital (% of Total
Constr Cost)

[nswrance (% of Total
Constr, Cost)

Taxes - VAT/Import Duty (%
of Totat Constr. Cost)

Profit {%s of Total Consir.

Total Indirect Construction Cost

Land Cost

Indirect Costs

Indirect Capital Cost
$ 5,429 D00

$ 10,860,000

£ 10,850,000

$ 3,615,000

§ 452,400

$ 452,400

$ 10,860,000

£ 75,000

Data from Cost Indices Form:

Plant Amortization (Y) 30
Interest Rate (9) 6.

Plant Staffing (Number of Full
Time Peoaple)

Management 2.3
Engineering and Laboratory 3.6
Operators/Maintenance 43.9
Supply, Office and Admin. 6.1




WTCost Il - Costqsummary Form -

T FeTEETrTTL T T TR T T ETE LA T e e S rerETrrEEEE=TE "

~ Project Summary Indirect Costs

Construction Cost
Process Total (000) = fmn3/day * foal fday (US) * Jegal (US)

Pretreatment 185 A1 4 A3

'D“E fl"‘"‘f Feed 03 02 09

Media Filtration 84 d A3
De-Chiorination BO ¢ i 01

Desalting 52,210

Product Water

Treatment "

Miscellaneous
Equipment

Mon-Operator
Labor

Indiirect Capital

* Cost per volume of plant product water outiput




International Atomic Energy Association -
Desalination EconoTic Ev?luation Programme
DEEP

1 Couples An Number of Power and Heat
Technologies with Desalination Technologies

Process Abbreviation Description

- Dhstillation MED Multi-Effect Distillation
’ MSF Multi-Stage Flash

- Membrane SA-RO Stand-Alone Reverse Osmosis

C-RO Contiguous Eeverse Osmosis

Hvbnd MED/FR.O Multi-Effect Distillation with Eeverse Osmosis

MSE/RO Multi-Stage Flash with Reverse Osmosis

[nput

Performance calculation of energy source
Performance calculation of water plant
Cost calculation and economic evaluation
Chutput




DEEP Cost Model - Input -1

Economic parameters input data

Liscaunt rate 6. %l

Inferest rale B °%/a
Cumency reference year 203
Initral construction date: 2003

Initial year of operation: 20D
Furchazed elactnoty cosl D 57 kWh

Backup heat source input data Value sel
Lifetime of backup heal source Chtrongl. 000 [ 30 a]
Backup heal source unit cosl: O § 5 MW
Fossil fued price 2000  § /b
Fossil fuel real escalation” 200 %/ a




DEEP Cost Model - Input -2

Energy plant cost input data

Plant ecanarmic life:

Specific construclion cosh
Addmional 2ie relaied constructhion cost

Construchon lead frme

Factarin % Specdic nuclear fuel cosl
1 = Specific decommissioning oSl
Fozzil fusl pnce at starup

PMuclear fuel annual real ascalation

Fossd fuel annual real escalation

specihc UEM cosl:

il

1672
167

Bl

3
11

0.0

a

kW
§ kW

Imi

3 [ ¥Wh
$ / Wh
§ / KWh
¥bbl (37)
% 1 a
%1 a




DEEP Cost Model - Input -3

Distillation plant cost input data
Plant & i |if Bl
Distillation plant lead time:
Cipfional valye (type 0 for Deep defa u!1:|.|

Reference unit size for cost: 48 000

Base unit cost 1200
Ciptional infoutiall specific base cost 1]
Ciplional mtermediate loop cost [

Distillation plant cost contingency factor: 0,100

Distiltation plant owners cost factor 0050
Digtillation plart lead fme 12

Axerage managerment salary:  GhOOI

Ayerage labor salary. 29700

Oadmnal number of labor personnel

apecific D&M spare parts cosl
n

Tubing replacement cost

Specific O&M cost for pre-treatment:

Specihic O&M cost for post-treatmend ;
L Qistillati : 1EM ins




DEEP Cost Model - Input -4' (RO Data)

RO plant cost input data
Plant ecanarmic life 30
RO plant lead time: 24
Optional value (type 0 for Deep defaul)” 0
Hybrid plant lead time: 24
Optional value {type D for Deep defaull)” O
Base unil cost & I {m~id)
Optional infoutiall specific base cost g/ (m*id)
ernbrane aqupment cost o total cost ratio:
RO pland cost contingency factor
RO plant owners cost faciorn
RO plant lead lima
Axerage management salary:
Ayvarage labor sakary:
I:le1 orsal o, af PN AgErE il parsannel
Cetional number of labor personnel
COEM miembrane replacement cost
&M spare parts cost:

Specific O&M cost for pre-treatment:

Specilic O&M cost Tor post-treatmant




DEEP Cost Model - Summary Output

WATER & POWER COST SUMMARY

Case identification and site characteristics

ETIE'T';]I' olant iype PWR Diesslination pland type M5F-RO Tofal resguined water pland 0N m

Energy source: NUCLEAR Backup heat sowce: N capacily af sl '
Enargy product form: H & P Irfermedte loop (MSF)E Y Capaciy of destillation part: 40,0 w77
Fuel type: LOZ RO membrane type: SW Capacily of RO part. 210,000 w'rd

Case Case X Assumed s lcalion Sile ¥

General input data

Seawater TDS 38,500 g e B g Disi¥ation plant dessgn cooling water temperatura: 210 *C
Avarage annual seawater temparature; M0 % ~—~—— = ——& Stand-alone RO design cooling water temperature: 210 *C

Purchased elecinciy cos 0060 $aae)n Descound rate 8.0 = initial year of operation 2005
Intesest rate 8.0 = Plant econgmic |ife 60 =

Water and power plant cost summany

Spacific construction cosl 1672  srew — LI P Fower plant tolal construction cost 1,104 m s
Pow G20 WS Power plant terest dunng construction 234w %
Spacific investment cost 2156 31w P e Total pewer plant Ewasiment 1,338 ms

Lewelized alectncity cost 0U05T % /e
DOES THE POWER PLANT ALREADY EGSTT NO! CLICK TO CHANGE

G.OR. : b4
Totad installed water plart capaciy J60,000 w'rd Recoverny ratio : 0,393

Total construchion cost A3 Tmse
interest durng constructinan E-ERCE Mat saleable powed 0.2 e
Total ivestrment cosl 4T ms Avarage daly water produchon 307000 &7ra

Specific irvestrmant cost 1,329.3 $ /(= Water cost:



Key Challenges with Existing Cost
Models

1 Need for Frequent Update;

[ Need to Reflect New Developments of
Membrane Technologies and Products;

[ Need to Reflect New Energy Recovery
Systems.



2013 Cost Curve Models Used In
this Course

[ Based on Real-world Costs and SWRO
Projects Completed in the Last 5 Years,

[ Data Used for Cost Curve Development are
Normalized (Adjusted) for:

 Year of Plant Commissioning;
* Production Capacity;
» Source and Product Water Quality’

» Geographic LLocation — ENR Construction
Cost Index;

» Currency;
* Other Factors (Intake and Outfall’ Type, etc.).
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